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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.


      
        Gene signatures from tissue-resident T cells as a predictive tool for melanoma patients
        A new study has revealed an association between favorable survival outcomes for melanoma patients and the presence of higher populations of tissue-resident memory T cells (TRM). Data obtained from this study could be used not only for a TRM-based machine learning model with predictive powers for melanoma prognosis but could also elucidate the role TRM cells can play in the tumor immune microenvironment. This could guide the development of more effective and personalized anti-tumor immunotherapeut...

      

      
        Scientists identify new treatment target for leading cause of blindness
        Scientists report that a gene previously implicated in the development of atherosclerotic lesions in coronary arteries could be key to understanding why many people don't benefit from the most used therapy for neovascular age-related macular degeneration (AMD), a leading cause of blindness.

      

      
        Medical school scientist creates therapy to kill hypervirulent bacteria
        Researchers are on a mission to kill drug-resistant bacteria, and a new study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.Researchers have shown that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pne...

      

      
        Microneedles and suction cup for blood diagnostics, modeled on leeches
        A new device for taking blood samples uses microneedles and a suction cup instead of a large needle. People with a phobia of needles stand to benefit. More blood can be obtained than with the classic finger prick, making diagnostic measurements more reliable. Because the device can be produced at low cost, it is also suitable for developing countries.

      

      
        Webb telescope probably didn't find life on an exoplanet -- yet
        Recent reports of NASA's James Webb Space Telescope finding signs of life on a distant planet understandably sparked excitement. A new study challenges this finding, but also outlines how the telescope might verify the presence of the life-produced gas.

      

      
        Therapy to kill hypervirulent bacteria developed
        A study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics. Scientists showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include ...

      

      
        75,000-year-old female Neanderthal from cave where species buried their dead
        A new documentary has recreated the face of a 75,000-year-old female Neanderthal whose flattened skull was discovered and rebuilt from hundreds of bone fragments by a team of archaeologists and conservators.

      

      
        Archaea can be picky parasites
        A parasite that not only feeds of its host, but also makes the host change its own metabolism and thus biology. Microbiologists have shown this for the very first time in a specific group of parasitic microbes, so-called DPANN archea. Their study shows that these archaea are very 'picky eaters', which might drive their hosts to change the menu.

      

      
        EPA underestimates methane emissions from landfills, urban areas
        The Environmental Protection Agency (EPA) is underestimating methane emissions from landfills, urban areas and U.S. states, according to a new study. The researchers combined 2019 satellite observations with an atmospheric transport model to generate a high-resolution map of methane emissions, which was then compared to EPA estimates from the same year. The researchers found: Methane emissions from landfills are 51% higher compared to EPA estimates Methane emissions from 95 urban areas are 39% hi...

      

      
        Feathers, cognition and global consumerism in colonial Amazonia
        Amazonia is the home of the largest variety of birds in the world. In such a unique environment, craft cultures have flourished by translating the beauty and creativity of environmental materials like feathers into stunning pieces of art. A new article examines artisanal featherwork within the context of early modern colonialism and globalization.

      

      
        The big quantum chill: Scientists modify common lab refrigerator to cool faster with less energy
        Scientists have dramatically reduced the time and energy required to chill materials to temperatures near absolute zero. Their prototype refrigerator could prove a boon for the burgeoning quantum industry, which widely uses ultracold materials.

      

      
        Research breakthrough on birth defect affecting brain size
        A team has identified a molecular cellular mechanism that is linked to microencephaly, a condition in which a baby's head is much smaller than expected.

      

      
        Identifying risks of human flea infestations in plague-endemic areas of Madagascar
        Researchers uncover why some homes in rural Madagascar where bubonic plague is endemic are infested with fleas. Based on their findings, they recommend ways to reduce the flea populations and their impact on human health.

      

      
        Science has an AI problem: This group says they can fix it
        A team of 19 prominent researchers has published guidelines for the responsible use of machine learning in science. They say it could avert a crisis that's smoldering in every field.

      

      
        Physicists build new device that is foundation for quantum computing
        Scientists have adapted a device called a microwave circulator for use in quantum computers, allowing them for the first time to precisely tune the exact degree of nonreciprocity between a qubit, the fundamental unit of quantum computing, and a microwave-resonant cavity. The ability to precisely tune the degree of nonreciprocity is an important tool to have in quantum information processing. In doing so, the team derived a general and widely applicable theory that simplifies and expands upon olde...

      

      
        Researchers unlock potential of 2D magnetic devices for future computing
        A research team has created an innovative method to control tiny magnetic states within ultrathin, two-dimensional van der Waals magnets -- a process akin to how flipping a light switch controls a bulb.

      

      
        Key functions of therapeutically promising jumbo viruses
        Viruses known as 'jumbo' phages are seen as a potential tool against deadly bacterial infections. But scientists must first decipher the extraordinary makeup of these mysterious viruses. Researchers have now uncovered a key piece of jumbo phage development that helps them counter bacteria.

      

      
        Time-restricted eating and high-intensity exercise might work together to improve health
        Combining time-restricted eating with high-intensity functional training may improve body composition and cardiometabolic parameters more than either alone, according to new research.

      

      
        Mystery behind huge opening in Antarctic sea ice solved
        Researchers have discovered the missing piece of the puzzle behind a rare opening in the sea ice around Antarctica, which was nearly twice the size of Wales and occurred during the winters of 2016 and 2017. A study reveals a key process that had eluded scientists as to how the opening, called a polynya, was able to form and persist for several weeks.

      

      
        Brain imaging study reveals connections critical to human consciousness
        A new study involved high-resolution scans that enabled the researchers to visualize brain connections at submillimeter spatial resolution. Together, these pathways form a 'default ascending arousal network' that sustains wakefulness in the resting, conscious human brain.

      

      
        Sleep resets brain connections -- but only for first few hours
        During sleep, the brain weakens the new connections between neurons that had been forged while awake -- but only during the first half of a night's sleep, according to a new study.

      

      
        Roadmap to close the carbon cycle
        Reaching net-zero carbon emissions goals requires finding transformative paths to manage carbon in difficult-to-electrify economic sectors.

      

      
        Scientists identify new brain circuit in mice that controls body's inflammatory reactions
        The brain can direct the immune system to an unexpected degree, capable of detecting, ramping up and tamping down inflammation, shows a new study in mice.

      

      
        A 'cosmic glitch' in gravity
        Researchers have discovered a potential 'cosmic glitch' in the universe's gravity, explaining its strange behavior on a cosmic scale.

      

      
        Biomarkers in blood to predict liver cancer
        Early detection has the potential to transform treatment and outcomes in cancer care, especially for cancers like liver cancer, which is typically diagnosed at a late stage with limited options for cure. A new study suggests that proteins detectable in the blood could improve predictions about risk of liver cancer years before typical diagnosis.

      

      
        Social-media break has huge impact on young women's body image, study finds
        There's a large and growing body of evidence pointing to potentially negative impacts of social media on mental health, from its addictive nature to disruptions in sleep patterns to effects on body image. Now, a new study has found that young women who took a social media break for as little as one week had a significant boost in self-esteem and body image -- particularly those most vulnerable to thin-ideal internalization.

      

      
        Understanding youth nicotine use to prevent initiation and escalation
        Using multiple nicotine products can be associated with higher levels of nicotine dependence among youth and increased mortality in adults, compared with the use of one product alone. Researchers have now uncovered factors that contribute to adolescents using multiple nicotine products. These findings, they say, will help inform efforts to prevent escalation from single to multiple product use.

      

      
        Why you can taste more ethanol in a cold pint of beer or warm glass of baijiu
        We all have our own preferred drinking temperatures for different alcoholic beverages, with people commonly enjoying beer or white wine chilled, red wine near room temperature, or baijiu (Chinese whisky) or sake warmed. Now, researchers report that alcoholic beverages may taste more or less 'ethanol-like' at different temperatures, and this may be explained by how water and ethanol form either chain-like or pyramid-shaped clusters at the molecular level.

      

      
        Cell contractions drive the initial shaping of human embryos
        Human embryo compaction, an essential step in the first days of an embryo's development, is driven by the contractility of its cells. These results contradict the presupposed driving role of cell adhesion in this phenomenon and pave the way for improved assisted reproductive technology (ART).

      

      
        New mRNA cancer vaccine triggers fierce immune response to fight malignant brain tumor
        An mRNA cancer vaccine quickly reprogrammed the immune system to attack the most aggressive type of brain tumor in a first-ever human clinical trial.

      

      
        Father's gut microbes affect the next generation
        Researchers changed the composition of the gut microbiota in male mice through common antibiotics, inducing a condition called dysbiosis, and found that: - Mouse pups sired by a dysbiotic father show significantly lower birth weight, and have increased risk of growth disorders and postnatal mortality.

      

      
        Researchers identify causal genetic variant linked to common childhood obesity
        Researchers have identified a causal genetic variant strongly associated with childhood obesity. The study provides new insight into the importance of the hypothalamus of the brain and its role in common childhood obesity and the target gene may serve as a druggable target for future therapeutic interventions.

      

      
        Scientists work out the effects of exercise at the cellular level
        The health benefits of exercise are well known but new research shows that the body's response to exercise is more complex and far-reaching than previously thought. In a study on rats, a team of scientists has found that physical activity causes many cellular and molecular changes in all 19 of the organs they studied in the animals.

      

      
        Nutrient research reveals pathway for treating brain disorders
        The team discovered that an essential nutrient called choline is transported into the brain, across the blood-brain barrier, by a protein transporter called FLVCR2. This is discovery will inform future design of drugs for diseases such as Alzheimer's and stroke, mimicking choline so they can be smuggled into the brain.

      

      
        Losing keys and everyday items 'not always sign of poor memory'
        The mysteries of how memory works are explained in a new book that suggests anyone can boost their powers of recall -- and that losing your keys is normal.

      

      
        Virtual reality environment for teens may offer an accessible, affordable way to reduce stress
        Working with teens, researchers designed RESeT: a snowy virtual world with six activities intended to improve mood. In a 3-week study of 44 teens, researchers found that most of the teens used the technology about twice a week without being prompted and reported lower stress levels after using the environment.

      

      
        Clogged arteries worsened by cells that behave like cancer cells
        Researchers have found that cells inside clogged arteries have cancer-like properties that aggravate atherosclerosis, and anticancer drugs could be a new treatment.

      

      
        Life expectancy in two disadvantaged areas higher than expected
        Better than expected life expectancy in two disadvantaged areas in England is probably due to population change according to local residents and professionals. In the UK, people from the most disadvantaged areas can expect to die nine years earlier compared with people from the least disadvantaged areas while people in the north of England have lower life expectancy, higher infant mortality and worse health and wellbeing compared with national averages.

      

      
        Calcium can protect potato plants from bacterial wilt
        Scientists have discovered that calcium plays a significant role in enhancing the resistance of potato plants to bacterial wilt.

      

      
        Earth-like environment likely on ancient Mars
        A research team using the ChemCam instrument onboard NASA's Curiosity rover discovered higher-than-usual amounts of manganese in lakebed rocks within Gale Crater on Mars, which indicates that the sediments were formed in a river, delta, or near the shoreline of an ancient lake.

      

      
        Women are 40% more likely to experience depression during the perimenopause
        Women are 40% more likely to experience depression in the perimenopause than those who aren't experiencing any menopausal symptoms, finds a new study.

      

      
        Every breath you take: Study models the journey of inhaled plastic particle pollution
        With recent studies having established the presence of nano and microplastic particles in the respiratory systems of both human and bird populations, new research has modeled what happens when people breathe in different kinds of plastic particles and where they end up.

      

      
        One-two punch treatment delivers blood cancer knockout
        A novel combination of two cancer drugs has shown great potential as a future treatment for patients with acute myeloid leukaemia (AML), one of the most common types of blood cancers. A new study has revealed the combination of two existing drugs eradicated AML cancer cells in lab-based tests. The discovery could soon lead to clinical trials.

      

      
        Revised dating of the Liujiang skeleton renews understanding of human occupation of China
        Researchers have provided new age estimates and revised provenance information for the Liujiang human fossils, shedding light on the presence of Homo sapiens in the region. Using advanced dating techniques including U-series dating on human fossils, and radiocarbon and optically stimulated luminescence dating on fossil-bearing sediments, the study revealed new ages ranging from approximately 33,000 to 23,000 years ago. Previously, studies had reported ages of up to 227,000 years of age for the sk...

      

      
        Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows
        The body clock has a significant impact on the performance of NBA players. Data shows vastly better win ratio for home teams from the Western Time Zone Area (PDT) when playing an EDT team, compared to vice versa.

      

      
        New Japanese lily species identified, 1st addition to sukashiyuri group in 110 years
        For the first time since 1914, a new species of the Japanese lily known as sukashiyuri has been identified. A research team analyzed the morphology and DNA of these lilies and has revised the conventional classification from four taxonomic groups to eight.

      

      
        Discovery of an atypical heat shock factor, HSF5, involved in meiotic mechanisms: Implications for male infertility
        Researchers have identified a novel Heat Shock Factor (HSF), designated as HSF5, which plays a crucial role in the completion of meiosis and the activation of genes essential for sperm formation. This discovery provides valuable insights into underlying causes of spermatogenic failure, the major contributor to male infertility. Furthermore, unlike other typical Heat Shock Factors, which primarily regulate gene expression in response to stress, such as heat shock, HSF5 plays a specific role in mal...

      

      
        A blood test for stroke risk? Biomarker for risk of future cerebrovascular disease
        A simple blood test could allow doctors to determine whether a person may be at higher risk for stroke or cognitive decline during their lifetime, according to a new study.

      

      
        Brief anger may impair blood vessel function
        When adults became angry after remembering past experiences, the function of cells lining the blood vessels was negatively impaired, which may restrict blood flow, according to a new study. Previous research has found that this may increase the risk of heart disease and stroke. In this study, episodes of anxiety and sadness did not trigger the same change in functioning of the blood vessel lining.

      

      
        Improved AI process could better predict water supplies
        A new computer model uses a better artificial intelligence process to measure snow and water availability more accurately across vast distances in the West, information that could someday be used to better predict water availability for farmers and others. The researchers predict water availability from areas in the West where snow amounts aren't being physically measured.
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Gene signatures from tissue-resident T cells as a predictive tool for melanoma patients | ScienceDaily
An extensive analytical study conducted at the Terasaki Institute for Biomedical Innovation (TIBI) has revealed an association between favorable survival outcomes for melanoma patients and the presence of higher populations of tissue-resident memory T cells (TRM). Data obtained from this study could be used not only for a TRM-based machine learning model with predictive powers for melanoma prognosis but could also elucidate the role TRM cells can play in the tumor immune microenvironment. This could guide the development of more effective and personalized anti-tumor immunotherapeutic treatment regimens for cancer patients.


						
The tumor immune microenvironment (TIME) refers to the complex and dynamic interplay between tumor cells, various immune cells, and other cellular and non-cellular components within and surrounding the tumor.

TRM cells are a unique type of immune cells that reside in peripheral tissues and many kinds of cancer types.

Because of the presence and functional properties of TRM cells within the TIME in harnessing their potential for cancer immunotherapy, there has been much interest in studying TRM cells and how they influence patient survival. Key to this understanding is to establish whether the presence and abundance of TRM cells in cancer patients correlate with better patient prognosis. Previous studies conducted with melanoma patients have produced conflicting results. There has also been little effort to conduct a comprehensive study to evaluate the TRM abundance and correlate immunomics data with patient survival outcomes.

The TIBI team sought to solve this problem by turning to data from single-cell RNA sequencing (scRNA-seq), a powerful technology that allows one to obtain a complete genetic profile of large numbers of individual cells. Instead of using a limited number of a cell's identifying marker genes, utilizing the scRNA-seq technology provides a more comprehensive, accurate, and nuanced way of characterizing a cell's type and function. From this profile, gene signatures can be generated- uniquely characteristic patterns of a specific immune cell type that can possibly be correlated with the presence of disease.

As described in their recent paper in iScience, the team used this approach on two independent cohorts of melanoma patients' scRNA-seq data and were able to extract 11 distinct gene signatures that highly correlated with TRM abundance in the patients. A solid association was also found between these gene signatures and patient survival outcomes.

Further studies revealed additional positive correlations between TRM abundance and the presence of multiple anti-tumor immune cells in the melanoma TIME, as well as with immune pathways and regulatory genes, suggesting that TRM cells have a crucial role in immunomodulation. The studies also indicated that an abundance of TRM cells results in a more active melanoma TIME and better patient outcomes.




Finally, the TIBI researchers could use the data from their analysis to create a high-precision TRM-derived risk scoring system to classify patients into high- and low-risk prognostic categories for melanoma patients.

"Our scientists' analytical approach and discoveries about the role that TRM cells play may help to refine and more accurately assess cancer patients' response to immunotherapeutic drugs," said Ali Khademhosseini, TIBI's Director and CEO. "As treatments can have profoundly variable effects on individual cancer patients, this is an important step toward improving patient outcome."

Authors: Chongming Jiang, Cheng-Chi Chao, Jianrong Li, Xin Ge, Aidan Shen, Vadim Jucaud, Chao Cheng, and Xiling Shen

Grant Information: This work is supported by the National Institutes of Health, USA (NIH) R01 DK119795 and R35 GM122465. This work is was also funded by the Cancer Prevention Research Institute of Texas (CPRIT) (RR180061).
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Scientists identify new treatment target for leading cause of blindness | ScienceDaily
Medical College of Georgia scientists report that a gene previously implicated in the development of atherosclerotic lesions in coronary arteries could be key to understanding why many people don't benefit from the most used therapy for neovascular age-related macular degeneration (AMD), a leading cause of blindness.


						
AMD is a condition characterized by abnormal blood vessel growth in the back of the eye. It is highly prevalent in the elderly and people with diabetes, obesity, and many other chronic metabolic diseases. Excessive vascular growth damages the macula, the part of the eye that translates light into image signals.

Anti-VEGF therapy, which blocks vascular endothelial growth factor and keeps excessive blood vessel growth at bay, is usually the first line of defense.

But that treatment only works well for around a third of patients suffering from this form of AMD, says Dr. Yuqing Huo, MD, PhD, the Director of the Vascular Inflammation Program at MCG's Vascular Biology Center. "The reason is that the excess vasculature is often accompanied by the growth of fibroblast cells," he says.

Collagen and many other proteins produced by these fibroblast cells accumulate outside of the vascular cells and eventually lead to fibrosis or scarring in the eye. This keeps the excess vasculature from being suppressed by anti-VEGF treatments. "We show, for the first time in this study, that many fibroblast cells are actually produced by these excessive endothelial cells. We must find a way to prevent this from happening," Huo says.

He and his team believe the answer lies in targeting the adenosine receptor 2A (Adora2a) -- a G-protein-coupled adenosine receptor found in high levels in the brain, immune cells, and blood vessels. Adora2a has been reported to be crucial in modulating inflammation, myocardial oxygen consumption, and coronary blood flow. Adenosine, a metabolite produced by cells under conditions of stress, injuries, and lack of oxygen, can activate Adora2a to protect our body from injury.

But in excess, adenosine can lead to excessive blood vessel growth. In their current research, Huo and his colleagues found a high-level or persistent adenosine-activated Adora2a signal could transform endothelial cells, the luminal cells of the vasculature, into activated fibroblast cells and, eventually, cause fibrosis. Huo and his colleagues hypothesize that blocking this receptor can prevent that from happening.




Using genetically engineered mice that develop fibrosis in the backs of their eyes, researchers delivered an Adora2a agonist (KW6002), which binds to the receptor and blocks its function. "We also studied mice that had Adora2a removed from only the vascular endothelial cells," says Qiuhua Yang, PhD, a postdoctoral fellow with Huo and the first author on this study. "All of these mice demonstrated decreased fibrosis in the eye." These novel findings were reported and recently selected as the cover image for Science Translational Medicine.

"We have previously demonstrated that blocking Adora2a can reduce excessive blood vessel growth, which happens in the early stages of AMD," says Yongfeng Cai, PhD, a postdoctoral fellow in Huo's lab and a member of the research team. They now have an eye toward generating an antibody that could recognize Adora2A.

"The antibody could be delivered via an injection to the back of the eyes, an approach often used in eye clinics, to block the activation of adenosine to Adora2A," Huo says. "An antibody could really block both excessive blood vessel growth, the early stage of AMD, and fibrosis, the late stage of AMD. Our findings indicate that blocking Adora2a can certainly target multiple stages of this disease, which might be much more efficient than current treatments."

This research was supported by a National Institutes of Health K99 award to Dr. Qiuhua Yang and funds from the National Eye Institute.
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Medical school scientist creates therapy to kill hypervirulent bacteria | ScienceDaily
University of Central Florida College of Medicine researcher Renee Fleeman is on a mission to kill drug-resistant bacteria, and her latest study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.


						
In a study published recently in Cell Reports Physical Science, Fleeman showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include seniors and patients with other health problems such as diabetes, cancer, kidney failure and liver disease. However, younger adults and people without additional health problems can acquire urinary tract and wound infections from the bacteria that cannot be treated by antibiotics available today.

The CDC reports that antibiotic resistant bacteria are a growing global health threat. A 2019 study found that nearly 5 million people died worldwide that year from drug-resistant infections. A large portion of those deaths are attributable to K. pneumoniae because it has a 50% death rate without antibiotic therapy.

These bacteria are more resistant to drugs when they live in a biofilm -- microorganisms that stick together and are embedded in a protective slime. Recent studies have shown that 60-80% of infections are associated with bacteria biofilms, which increase their drug resistance.

"It's Iike a coat that bacteria put around itself," Fleeman says.

Her research is examining ways to remove the protective coat and expose the bacteria so it can be killed by the body's immune system or antibiotics that currently cannot pass through the biofilm. Through that research, Fleeman discovered how the peptides made by cows can quickly kill K. pneumoniae.

She determined that the peptides interact with sugar connections that keep the slime intact. She likened the process to cutting into a chain-linked fence. Once multiple chains are cut, the integrity of the slime structure is damaged, and the peptide can enter and destroy the bacteria that are no longer protected.




"Our research has shown polyproline peptide can penetrate and begin to break the slime barrier down in as little as an hour after treatment," says Fleeman.

The peptide has another advantage -- once it breaks through the protective slime barrier, tests showed it killed the bacteria better than antibiotics used as a last resort to treat incurable infections. Peptides kill the bacteria by punching holes in their cell membrane, causing death quickly compared to other antibiotics that inhibit growth from inside the cell.

The peptide could also be used as a topical treatment for a wide range of uses, especially for the military, to treat open wounds in the field. "Bacteria divide every 30 minutes, so you have to act fast," Fleeman says.

The next phase of her research will seek to understand the biology behind the peptide's efficacy and if combinations of other drugs would aid in its application.

Her research is funded through a three-year National Institutes of Health funding Pathway to Independence R00 grant and is in its second year. Her study initially started as a K99 award at University of Texas at Austin, where she worked before joining UCF in September of 2022.

Fleeman says research into resistant infections must continue because they pose such a threat to health.

"It is estimated that by 2050, antibiotic resistant bacterial infections will be the number one cause of human deaths," she says. "Our work is focused on preparing for this post-antibiotic era battle, where common antibiotics that we take for granted will no longer be effective, jeopardizing cancer therapy, organ transplants, and any modern medical advancement that relies on effective antibiotic therapies."
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Microneedles and suction cup for blood diagnostics, modeled on leeches | ScienceDaily
Many people are afraid of needles, and having a doctor take a blood sample from their arm makes them uncomfortable. There is an alternative: a prick to the fingertip or earlobe. But for many laboratory tests, the drop of blood that can be obtained from these places is not enough. Above all, however, tests done with them are often inaccurate: laboratory values fluctuate from measurement to measurement.


						
Researchers at ETH Zurich have now developed a new device for taking blood samples. It works according to the leech principle and is less invasive than taking blood from the arm with a needle. It is also easy to handle and can be used by people without medical training. Although the new device cannot collect as much blood as a needle, it can collect significantly more than a finger prick. This makes diagnostic measurements more reliable.

Low risk of injury

The ETH researchers came up with the idea for the new device while previously developing something else: a suction cup that transports medication into the blood via the mucous membrane lining the inside of the mouth. "For this earlier project, we had already studied leeches, which attach to their host with a sucker. We realised that we could develop a similar system to collect blood," says David Klein, a doctoral student in the group led by Jean-Christophe Leroux, Professor of Drug Formulation and Delivery at ETH Zurich.

After leeches have attached themselves, they penetrate the host's skin with their teeth. To suck blood from the wound, they create negative pressure by swallowing. The new device works in a very similar way: A suction cup measuring about two and a half centimetres is attached to the patient's upper arm or back. Within the cup are a dozen microneedles that puncture the skin when pressed against it. Within a few minutes, the negative pressure in the suction cup has ensured that sufficient blood has been collected to be used for diagnostic tests.

The new device is very cost-effective to produce, says Nicole Zoratto, a postdoc in Leroux's group. She led the work on this development and is lead author of the study published in the journal Advanced Science. Zoratto also sees a future application for the new device in low-income regions such as sub-Saharan Africa, where it could play a major part in the fight against tropical diseases such as malaria. Diagnosing malaria involves taking blood from the patients.

Another advantage of the new device is that the microneedles are located within the suction cup. This minimises the risk of injury during the application and after disposal compared to blood sampling with conventional needles.




In the current version of the leech-like device, the suction cup is made of silicone and the microneedles concealed within are made of steel. However, the researchers are in the process of developing a new version made using fully biodegradable materials to create a sustainable product.

Seeking a partner for market launch

The researchers have tested their new device on pigs, and they have made comprehensive manufacturing information.

Before the device can be widely used on humans -- in malaria regions and elsewhere -- the material composition still needs to be optimised. And above all, safe use must be tested with a small group of test subjects. As such studies are complex and expensive, the research group is still looking for a partner for further funding, for example a charitable foundation. They hope that their new leech devices will soon be able to play a part in the health of children and anyone else who is afraid of needles.
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Webb telescope probably didn't find life on an exoplanet -- yet | ScienceDaily
Recent reports of NASA's James Webb Space Telescope finding signs of life on a distant planet understandably sparked excitement. A new study challenges this finding, but also outlines how the telescope might verify the presence of the life-produced gas.


						
The UC Riverside study, published in the Astrophysical Journal Letters, may be a disappointment to extraterrestrial enthusiasts but does not rule out the near-future possibility of discovery.

In 2023 there were tantalizing reports of a biosignature gas in the atmosphere of planet K2-18b, which seemed to have several conditions that would make life possible.

Many exoplanets, meaning planets orbiting other stars, are not easily comparable to Earth. Their temperatures, atmospheres, and climates make it hard to imagine Earth-type life on them.

However, K2-18b is a bit different. "This planet gets almost the same amount of solar radiation as Earth. And if atmosphere is removed as a factor, K2-18b has a temperature close to Earth's, which is also an ideal situation in which to find life," said UCR project scientist and paper author Shang-Min Tsai.

K2-18b's atmosphere is mainly hydrogen, unlike our nitrogen-based atmosphere. But there was speculation that K2-18b has water oceans, like Earth. That makes K2-18b a potentially "Hycean" world, which means a combination of a hydrogen atmosphere and water oceans.

Last year, a Cambridge team revealed methane and carbon dioxide in the atmosphere of K2-18b using JWST -- other elements that could point to signs of life.




"What was icing on the cake, in terms of the search for life, is that last year these researchers reported a tentative detection of dimethyl sulfide, or DMS, in the atmosphere of that planet, which is produced by ocean phytoplankton on Earth," Tsai said. DMS is the main source of airborne sulfur on our planet and may play a role in cloud formation.

Because the telescope data were inconclusive, the UCR researchers wanted to understand whether enough DMS could accumulate to detectable levels on K2-18b, which is about 120 light years away from Earth. As with any planet that far away, obtaining physical samples of atmospheric chemicals is impossible.

"The DMS signal from the Webb telescope was not very strong and only showed up in certain ways when analyzing the data," Tsai said. "We wanted to know if we could be sure of what seemed like a hint about DMS."

Based on computer models that account for the physics and chemistry of DMS, as well as the hydrogen-based atmosphere, the researchers found that it is unlikely the data show the presence of DMS. "The signal strongly overlaps with methane, and we think that picking out DMS from methane is beyond this instrument's capability," Tsai said.

However, the researchers believe it is possible for DMS to accumulate to detectable levels. For that to happen, plankton or some other life form would have to produce 20 times more DMS than is present on Earth.

Detecting life on exoplanets is a daunting task, given their distance from Earth. To find DMS, the Webb telescope would need to use an instrument better able to detect infrared wavelengths in the atmosphere than the one used last year. Fortunately, the telescope will use such an instrument later this year, revealing definitively whether DMS exists on K2-18b.

"The best biosignatures on an exoplanet may differ significantly from those we find most abundant on Earth today. On a planet with a hydrogen-rich atmosphere, we may be more likely to find DMS made by life instead of oxygen made by plants and bacteria as on Earth," said UCR astrobiologist Eddie Schwieterman, a senior author of the study.

Given the complexities of searching far-flung planets for signs of life, some wonder about the researchers continued motivations.

"Why do we keep exploring the cosmos for signs of life? Imagine you're camping in Joshua Tree at night, and you hear something. Your instinct is to shine a light to see what's out there. That's what we're doing too, in a way," Tsai said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240502113121.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Therapy to kill hypervirulent bacteria developed | ScienceDaily
University of Central Florida College of Medicine researcher Renee Fleeman is on a mission to kill drug-resistant bacteria, and her latest study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.


						
In a study published recently in Cell Reports Physical Science, Fleeman showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include seniors and patients with other health problems such as diabetes, cancer, kidney failure and liver disease. However, younger adults and people without additional health problems can acquire urinary tract and wound infections from the bacteria that cannot be treated by antibiotics available today.

The CDC reports that antibiotic resistant bacteria are a growing global health threat. A 2019 study found that nearly 5 million people died worldwide that year from drug-resistant infections. A large portion of those deaths are attributable to K. pneumoniae because it has a 50% death rate without antibiotic therapy.

These bacteria are more resistant to drugs when they live in a biofilm -- microorganisms that stick together and are embedded in a protective slime. Recent studies have shown that 60-80% of infections are associated with bacteria biofilms, which increase their drug resistance.

"It's Iike a coat that bacteria put around itself," Fleeman says.

Her research is examining ways to remove the protective coat and expose the bacteria so it can be killed by the body's immune system or antibiotics that currently cannot pass through the biofilm. Through that research, Fleeman discovered how the peptides made by cows can quickly kill K. pneumoniae.

She determined that the peptides interact with sugar connections that keep the slime intact. She likened the process to cutting into a chain-linked fence. Once multiple chains are cut, the integrity of the slime structure is damaged, and the peptide can enter and destroy the bacteria that are no longer protected.




"Our research has shown polyproline peptide can penetrate and begin to break the slime barrier down in as little as an hour after treatment," says Fleeman.

The peptide has another advantage -- once it breaks through the protective slime barrier, tests showed it killed the bacteria better than antibiotics used as a last resort to treat incurable infections. Peptides kill the bacteria by punching holes in their cell membrane, causing death quickly compared to other antibiotics that inhibit growth from inside the cell.

The peptide could also be used as a topical treatment for a wide range of uses, especially for the military, to treat open wounds in the field. "Bacteria divide every 30 minutes, so you have to act fast," Fleeman says.

The next phase of her research will seek to understand the biology behind the peptide's efficacy and if combinations of other drugs would aid in its application.

Her research is funded through a three-year National Institutes of Health funding Pathway to Independence R00 grant and is in its second year. Her study initially started as a K99 award at University of Texas at Austin, where she worked before joining UCF in September of 2022.

Fleeman says research into resistant infections must continue because they pose such a threat to health.

"It is estimated that by 2050, antibiotic resistant bacterial infections will be the number one cause of human deaths," she says. "Our work is focused on preparing for this post-antibiotic era battle, where common antibiotics that we take for granted will no longer be effective, jeopardizing cancer therapy, organ transplants, and any modern medical advancement that relies on effective antibiotic therapies."
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75,000-year-old female Neanderthal from cave where species buried their dead | ScienceDaily
A new documentary has recreated the face of a 75,000-year-old female Neanderthal whose flattened skull was discovered and rebuilt from hundreds of bone fragments by a team of archaeologists and conservators led by the University of Cambridge.


						
The team excavated the female Neanderthal in 2018 from inside a cave in Iraqi Kurdistan where the species had repeatedly returned to lay their dead to rest. The cave was made famous by work in the late 1950s that unearthed several Neanderthals which appeared to have been buried in succession.

'Secrets of the Neanderthals', produced by BBC Studios Science Unit, is released on Netflix worldwide. The documentary follows the team led by the universities of Cambridge and Liverpool John Moores as they return to Shanidar Cave to continue excavations.

"The skulls of Neanderthals and humans look very different," said Dr Emma Pomeroy, a palaeo-anthropologist from Cambridge's Department of Archaeology, who features in the new film.

"Neanderthal skulls have huge brow ridges and lack chins, with a projecting midface that results in more prominent noses. But the recreated face suggests those differences were not so stark in life.

"It's perhaps easier to see how interbreeding occurred between our species, to the extent that almost everyone alive today still has Neanderthal DNA."

Neanderthals are thought to have died out around 40,000 years ago, and the discoveries of new remains are few and far between. The Neanderthal featured in the documentary is the first from the cave for over fifty years, and perhaps the best preserved individual to be found this century.




While earlier finds were numbered, this one is called Shanidar Z, although researchers think it may be the top half of an individual excavated in 1960.

The head had been crushed, possibly by rockfall, relatively soon after death -- after the brain decomposed but before the cranium filled with dirt -- and then compacted further by tens of thousands of years of sediment.

When archaeologists found it, the skull was flattened to around two centimetres thick.

The team carefully exposed the remains, including an articulated skeleton almost to the waist, and used a glue-like consolidant to strengthen the bones and surrounding sediment. They removed Shanidar Z in dozens of small foil-wrapped blocks from under seven and a half metres of soil and rock within the heart of the cave.

In the Cambridge lab, researchers took micro-CT scans of each block before gradually diluting the glue and using the scans to guide extraction of bone fragments. Lead conservator Dr Lucia Lopez-Polin pieced over 200 bits of skull together freehand to return it to its original shape, including upper and lower jaws.

"Each skull fragment is gently cleaned while glue and consolidant are re-added to stabilise the bone, which can be very soft, similar in consistency to a biscuit dunked in tea," said Pomeroy. "It's like a high stakes 3D jigsaw puzzle. A single block can take over a fortnight to process."

The team even referred to forensic science -- studies on how bones shift after blunt force trauma and during decomposition -- to help them understand if remains had been buried, and the ways in which teeth had pinged from jawbones.




The rebuilt skull was surface scanned and 3D-printed, forming the basis of a reconstructed head created by world-leading palaeoartists and identical twins Adrie and Alfons Kennis, who built up layers of fabricated muscle and skin to reveal a face.

New analysis strongly suggests that Shanidar Z was an older female, perhaps in her mid-forties according to researchers -- a significant age to reach so deep in prehistory.

Without pelvic bones, the team relied on sequencing tooth enamel proteins to determine her sex. Teeth were also used to gauge her age through levels of wear and tear -- with some front teeth worn down to the root. At around five feet tall, and with some of the smallest adult arm bones in the Neanderthal fossil record, her physique also implies a female.

While remnants of at least ten separate Neanderthals have now come from the cave, Shanidar Z is the fifth to be found in a cluster of bodies buried at a similar time in the same location: right behind a huge vertical rock, over two metres tall at the time, which sits in the centre of the cave.

The rock had come down from the ceiling long before the bodies were interred. Researchers say it may have served as a landmark for Neanderthals to identify a particular site for repeated burials.

"Neanderthals have had a bad press ever since the first ones were found over 150 years ago," said Professor Graeme Barker from Cambridge's McDonald Institute for Archaeological Research, who leads the excavations at the cave.

"Our discoveries show that the Shanidar Neanderthals may have been thinking about death and its aftermath in ways not so very different from their closest evolutionary cousins -- ourselves."

The other four bodies in the cluster were discovered by archaeologist Ralph Solecki in 1960. One was surrounded by clumps of ancient pollen. Solecki and pollen specialist Arlette Leroi-Gourhan argued the finds were evidence of funerary rituals where the deceased was laid to rest on a bed of flowers.

This archaeological work was among the first to suggest Neanderthals were far more sophisticated than the primitive creatures many had assumed, based on their stocky frames and ape-like brows.

Decades later, the Cambridge-led team retraced Solecki's dig, aiming to use the latest techniques to retrieve more evidence for his contentious claims, as well as the environment and activities of the Neanderthals and later modern humans who lived there, when they uncovered Shanidar Z.

"Shanidar Cave was used first by Neanderthals and then by our own species, so it provides an ideal laboratory to tackle one of the biggest questions of human evolution," said Barker.

"Why did Neanderthals disappear from the stage around the same time as Homo sapiens spread over regions where Neanderthals had lived successfully for almost half a million years?"

A study led by Professor Chris Hunt of Liverpool John Moores University now suggests the pollen was left by bees burrowing into the cave floor. However, remains from Shanidar Cave still show signs of an empathetic species. For example, one male had a paralysed arm, deafness and head trauma that likely rendered him partially blind, yet had lived a long time, so must have been cared for.

Site analysis suggests that Shanidar Z was laid to rest in a gully formed by running water that had been further hollowed out by hand to accommodate the body. Posture indicates she had been leant against the side, with her left hand curled under her head, and a rock behind the head like a small cushion, which may have been placed there.

While Shanidar Z was buried within a similar timeframe as other bodies in the cluster, researchers cannot say how contemporaneous they are, only that they all date to around 75,000 years ago.

In fact, while filming onsite for the new documentary in 2022, the team found remains of yet another individual in the same burial cluster, uncovering the left shoulder blade, some ribs and a fairly complete right hand.

In the sediments several feet above, another three Neanderthals dating to around 50,000 years had been found by Solecki, more of which have been recovered by the current team.

Further research since Shanidar Z was found has detected microscopic traces of charred food in the soil around the older body cluster. These carbonised bits of wild seeds, nuts and grasses, suggest not only that Neanderthals prepared food -- soaking and pounding pulses -- and then cooked it, but did so in the presence of their dead.

"The body of Shanidar Z was within arm's reach of living individuals cooking with fire and eating," said Pomeroy. "For these Neanderthals, there does not appear to be that clear separation between life and death."

"We can see that Neanderthals are coming back to one particular spot to bury their dead. This could be decades or even thousands of years apart. Is it just a coincidence, or is it intentional, and if so what brings them back?"

"As an older female, Shanidar Z would have been a repository of knowledge for her group, and here we are seventy-five thousand years later, learning from her still," Pomeroy said.
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Archaea can be picky parasites | ScienceDaily
A parasite that not only feeds of its host, but also makes the host change its own metabolism and thus biology. NIOZ microbiologists Su Ding and Joshua Hamm, Nicole Bale, Jaap Damste and Anja Spang have shown this for the very first time in a specific group of parasitic microbes, so-called DPANN archea. Their study, published in Nature Communications, shows that these archaea are very 'picky eaters', which might drive their hosts to change the menu.


						
Archaea are a distinct group of microbes, similar to bacteria*. The team of NIOZ microbiologists studies the so-called DPANN-archaea, that have particularly tiny cells and relatively little genetic material. The DPANN archaea are about half of all known archaea and are dependent on other microbes for their livelihood: they attach to their host and take lipids from them as building material for their membrane, their own outer layer.

Picky eaters

So far, it was thought that these parasitic archaea just eat any kind of lipids from their host to construct their membrane. But for the first time, Ding and Hamm were able to show that the parasitic archaeon Candidatus Nanohaloarchaeum antarcticus does not contain all the lipids that his host Halorubrum lacusprofundi contains, but only a selection of them. "In other words: Ca. N. antarcticus is a picky eater," Hamm concludes.

Host responds to parasite

By analyzing the lipids in the host with or without their parasites, Ding and Hamm were also able to show that the host responds to the presence of their parasites. The hosts change their membrane, not only which types of lipids and the amounts of each type that are used, but also modifying the lipids to change how they behave. The result is an increased metabolism and a more flexible membrane that is also harder for the parasite to get through. That could have some consequences for the host, explains Hamm. 'If the membrane of the host changes, this could have an impact on how these hosts can respond to environmental changes, in for example temperature or acidity."

Game-changing new technique

The game-changer in this microbiological research was the design of a new analytical technique by Su Ding at NIOZ. Thus far, to analyze lipids you needed to know what lipid groups you were looking for and target them in the analysis. Ding designed a new technique in which he can look at all lipids simultaneously, also the ones you don't know yet. "We probably wouldn't have been able to see the changes in the lipids if we had used a classical approach, but the new approach made it straightforward," says Hamm.




New insight

The microbiologists are very excited about these new findings. "Not only does it shed a first light on the interactions between different archaea; it gives a totally new insight in the fundamentals of microbial ecology," Hamm says. "Especially that we've now demonstrated that these parasitic microbes can affect the metabolism of other microbes, which in turn could alter how they can respond to their environment. Future work is needed to determine to what extent this may impact the stability of the microbial community in changing conditions."

Archaea, bacteria and higher organisms

 Archaea are single celled organisms that were long believed  to be a specific group of bacteria. Similar to bacteria, they do not  have a nucleus with dna, or other organelles within their cells. As of  the 1970's, however, microbiologists no longer consider archaea  bacteria, but classify them as a separate domain in all life forms. So,  now we have archaea, bacteria, and eukaryotes, the latter including all  animals and plants, that have a nucleus with genetic material in their  cells.  




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240501193647.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



EPA underestimates methane emissions from landfills, urban areas | ScienceDaily
The Environmental Protection Agency (EPA) is underestimating methane emissions from landfills, urban areas and U.S. states, according to a new study led by researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS).


						
The researchers combined 2019 satellite observations with an atmospheric transport model to generate a high-resolution map of methane emissions, which was then compared to EPA estimates from the same year. The researchers found:
    	Methane emissions from landfills are 51% higher compared to EPA estimates
    	Methane emissions from 95 urban areas are 39% higher than EPA estimates
    	Methane emissions from the 10 states with the highest methane emissions are 27% higher than EPA estimates

"Methane is the second largest contributor to climate change behind carbon dioxide so it's really important that we quantify methane emissions at the highest possible resolution to pinpoint what sources it is coming from," said Hannah Nesser, a former PhD student at SEAS and first author of the paper. Nesser is currently a NASA Postdoctoral Program (NPP) Fellow in the Carbon Cycle & Ecosystems Group at the Jet Propulsion Laboratory.

The research, published in Atmospheric Chemistry and Physics, was a collaboration between scientists at Harvard and an interdisciplinary team of researchers from across the U.S. and around the world, including universities in China and the Netherlands.

The EPA estimates that landfills are the third-largest source of human-caused methane emissions in the U.S., but the EPA uses a bottom-up accounting method that often doesn't match observations of atmospheric methane.

The EPA methane estimate for landfills uses the Greenhouse Gas Reporting Program, which requires high-emitting facilities to self-report their emissions annually. For landfills without methane capture, the emissions are simply calculated by looking at the amount of trash that comes in and estimating how much methane trash produces over time. That figure is then scaled up to include landfill operations that don't report to the Greenhouse Gas Reporting Program.

Nesser and her colleagues' top-down approach uses observations of atmospheric methane from the Tropospheric Monitoring Instrument (TROPOMI) aboard the Sentinel-5 Precursor satellite together with an atmospheric transport model to trace the path of emissions from the atmosphere back to the ground.




Using this method, the team zoomed in on 70 individual landfills across the U.S. In these facilities, the researchers found emissions that were on median 77% higher than the estimates from the Greenhouse Gas Reporting Program.

The disparity is wider for landfills that collect methane as part of their operations.

Landfills don't measure the exact amounts of methane they are losing but rather estimate how efficient their collection systems are. The EPA assumes the default efficacy rate for methane collection is 75%.

But Nesser and her colleagues found that, in fact, landfills are much less effective at collecting methane than previously thought.

Of the 70 landfills the team studied, 38 recover gas. Among those facilities, the researchers found that methane levels were on median more than 200% higher than the estimates from the Greenhouse Gas Reporting Program.

"Our research shows that these facilities are losing more methane than they think," said Nesser. "The EPA uses 75% efficacy as the default for methane collection, but we find that it's actually much closer to 50%."

The EPA estimates also do not capture one-off events, such as construction projects or temporary leaks, which could lead to a massive increase in methane emissions and contribute to the discrepancy between EPA estimates and observed atmospheric methane.




The research team also compared their analysis to the EPA's new state-level greenhouse gas inventories.

The researchers found 27% higher methane emissions from the 10 top methane-producing states, with the largest increases in Texas, Louisiana, Florida, and Oklahoma. The team found that those 10 states are responsible for 55% of U.S. human-caused methane emissions. Perhaps unsurprisingly, Texas is responsible for 21% of anthropogenic methane emissions in the U.S., 69% of which is from the oil and gas industry.

At the city level, the researchers found that, on average, the 10 cities with the highest urban methane emissions actually have 58% higher emissions than previously estimated. Those cities include New York, Detroit, Atlanta, Dallas, Houston, Chicago, Los Angeles, Cincinnati, Miami and Philadelphia.

"All of these places have a different profile of emission sources, so there's no one thing driving the methane underestimate across the board," said Nesser.

The researchers hope that future work will provide more clarity on exactly where these emissions are coming from and how they are changing.

"This research highlights the importance of understanding these emissions," said Daniel Jacob, the Vasco McCoy Family Professor of Atmospheric Chemistry and Environmental Engineering at SEAS and senior author of the paper. "We plan to continue to monitor U.S. emissions of methane using new high-resolution satellite observations, and to work with the EPA to improve emission inventories."

The research was co-authored by Joannes D. Maasakkers, Alba Lorente, Zichong Chen, Xiao Lu, Lu Shen, Zhen Qu, Melissa P. Sulprizio, Margaux Winter, Shuang Ma, A. Anthony Bloom, John R. Worden, Robert N. Stavins and Cynthia A. Randles.

It was supported by the NASA Carbon Monitoring System (CMS) and the Harvard Climate Change Solutions Fund.
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Feathers, cognition and global consumerism in colonial Amazonia | ScienceDaily
Amazonia is the home of the largest variety of birds in the world. In such a unique environment, craft cultures have flourished by translating the beauty and creativity of environmental materials like feathers into stunning pieces of art. "The Material Creativity of Affective Artifacts in the Dutch Colonial World," a new article in Current Anthropology by Stefan Hanss of the University of Manchester, examines artisanal featherwork within the context of early modern colonialism and globalization. These structures, Hanss writes, both engendered and endangered material creativity and knowledge.


						
In the article, Hanss examines how new ways of handling, trading, and thinking with feathers emerged in colonial Dutch Brazil. "Dutch colonial encounters with South American enviromateriality," Hanss notes, "stirred European appreciation of and engagement with the creative and transformative power of natural environments." As a result, art like featherwork became a valuable commodity. The resulting global exploitation of Amazonian birds, feathers, and indigenous knowledge transformed Amazonian life and impacted South American biodiversity.

To fully capture the cognitive achievements of 17th-century featherworkers, Hanss combines in-depth archival research with affect theory and imaging analysis conducted by the John Rylands Research Institute and Library, University of Manchester. This new methodology is exemplified by the research done on the Messel Standing Feather Fan of the Fitzwilliam Museum, University of Cambridge, an object whose history reflects the global scale of the trade in materials, the transmission of artisanal knowledge, and the blurred boundaries of consumer cultures in the seventeenth-century Dutch Empire.

Ultimately, the article "highlights the immeasurable global, creative potential of South American biodiversity and cultural diversity, adding insights into the consequences of its growing extinction today."
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The big quantum chill: Scientists modify common lab refrigerator to cool faster with less energy | ScienceDaily
By modifying a refrigerator commonly used in both research and industry, researchers at the National Institute of Standards and Technology (NIST) have drastically reduced the time and energy required to cool materials to within a few degrees above absolute zero. The scientists say that their prototype device, which they are now working to commercialize with an industrial partner, could annually save an estimated 27 million watts of power, $30 million in global electricity consumption and enough cooling water to fill 5,000 Olympic swimming pools.


						
From stabilizing qubits (the basic unit of information in a quantum computer) to maintaining the superconducting properties of materials and keeping NASA's James Webb Space Telescope cool enough to observe the heavens, ultracold refrigeration is essential to the operation of many devices and sensors. For decades, the pulse tube refrigerator (PTR) has been the workhorse device for achieving temperatures as cold as the vacuum of outer space.

These refrigerators cyclically compress (heat) and expand (cool) high pressure helium gas to achieve the "Big Chill," broadly analogous to the way a household refrigerator uses the transformation of freon from liquid to vapor to remove heat. For more than 40 years, the PTR has proven its reliability, but it is also power-hungry, consuming more electricity than any other component of an ultralow temperature experiment.

When NIST researcher Ryan Snodgrass and his colleagues took a closer look at the refrigerator, they found that manufacturers had built the device to be energy efficient only at its final operating temperature of 4 kelvin (K), or 4 degrees above absolute zero. The team found that these refrigerators are extremely inefficient at higher temperatures -- a big issue because the cooldown process begins at room temperature.

During a series of experiments, Snodgrass, along with NIST scientists Joel Ullom, Vincent Kotsubo and Scott Backhaus, discovered that at room temperature, the helium gas was under such high pressure that some of it was shunted through a relief valve instead of being used for cooling. By changing the mechanical connections between the compressor and the refrigerator, the team ensured that none of the helium would be wasted, greatly improving the efficiency of the refrigerator.

In particular, the researchers continually adjusted a series of valves that control the amount of helium gas flowing from the compressor to the refrigerator. The scientists found that if they allowed the valves to have a larger opening at room temperature and then gradually closed them as cooling proceeded, they could reduce the cooldown time to between one half and one quarter of what it is now. Currently, scientists must wait a day or more for new quantum circuits to be cold enough to test. Since the progress of scientific research can be limited by the time it takes to reach cryogenic temperatures, the faster cooldown provided by this technology could broadly impact many fields, including quantum computing and other areas of quantum research. The technology developed by the NIST team could also allow scientists to replace large pulse tube refrigerators with much smaller ones, which require less supporting infrastructure, Snodgrass said.

The need for these refrigerators will greatly expand as research on quantum computing, along with its reliance on cryogenic technology, continues to grow. The modified PTR would then save a much greater amount of money, electrical energy and cooling water. In addition to supporting a burgeoning quantum economy, the device would also expedite research because scientists would no longer have to wait days or weeks for qubits and other quantum components to cool.
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Research breakthrough on birth defect affecting brain size | ScienceDaily
Nonsense-mediated RNA decay, or NMD, is an evolutionarily conserved molecular mechanism in which potentially defective messenger RNAs, or mRNAs (genetic material that instructs the body on how to make proteins), are degraded. Disruption of the NMD pathway can lead to neurological disorders, immune diseases, cancers, and other pathologies. Mutations in human NMD regulators are seen in neurodevelopmental disorders, including autism and intellectual disability.


						
Why NMD mutations are enriched in neurodevelopmental disorders remains a mystery. Sika Zheng, a professor of biomedical sciences in the School of Medicine and the founding director of the Center for RNA Biology and Medicine at the University of California, Riverside, has now led a study, published in the journal Neuron, that reveals the molecular cellular mechanism underlying NMD regulation of brain size and its dysregulation in causing microcephaly -- a condition in which a baby's head is much smaller than expected.

The team's finding suggests that maintaining the neuronal NMD function is essential for early brain development to prevent microcephaly. According to Zheng, modulating NMD targets can be a potential treatment for microcephaly and other related neurodevelopmental diseases.

The study explains the functional roles of NMD in brain development and the underlying mechanistic action. It also demonstrates for the first time the link between mRNA decay regulation and brain size control. Additionally, it reveals the intricate connection between NMD and the most famous tumor suppressor gene, p53, suggesting possible new connections between NMD and cancer.

The research was supported by grants from the National Institutes of Health and the California Institute of Regenerative Medicine. The title of the research paper is "Epistatic Interactions between NMD and TRP53 Control Progenitor Cell Maintenance and Brain Size." Zheng was joined in the study by Liang Chen of the University of Southern California, Chun-Wei Chen of the City of Hope, Gene Yeo of UC San Diego, and members of their labs.
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Identifying risks of human flea infestations in plague-endemic areas of Madagascar | ScienceDaily
Madagascar is one of the last places where outbreaks of human bubonic plague still happen regularly.


						
Fleas carrying the plague bacterium Yersinia pestis can spread the disease through their bites. And while a species commonly known as "the rat flea" has been fingered as the main culprit in plague outbreaks, a species known as "the human flea" may play a secondary role.

As an investigator during plague outbreaks in rural Madagascar, medical entomologist Adelaide Miarinjara knew that many households were teeming with these human fleas. Miarinjara grew up in the island nation off the east coast of Africa and is now a postdoctoral fellow at Emory University, collaborating with the Pasteur Institute in Madagascar.

"We have observed huge variability in the number of fleas in different households in the same village," she says. "We might collect three or five fleas in one house and hundreds of them in another house."

Miarinjara led a study to solve the mystery of this variability.

PLoS Neglected Diseases published her team's findings: The abundance of human fleas is primarily associated with households that have a traditional dirt floor covered by a plant-fiber mat, as opposed to households with cement or board floors. A secondary risk factor was keeping animals in the house at night.

"Flea larvae need humidity, but not too much humidity, to survive," Miarinjara says, "so the dirt covered by the plant-fiber mat may be holding just the right amount of moisture for them to thrive."

She hopes that agencies seeking to improve people's lives in plague-endemic areas of Madagascar focus on upgrading the flooring in homes and constructing sheds separate from the households for animals.




"Flea infestation raises the risk for getting diseases and it has a big impact on the quality of life," Miarinjara says. "The constant bites are annoying and lead to lack of sleep."

Household flea infestations also promote the overuse of insecticides. Surveys by the researchers reveal that 80% of the households use insecticide to try to battle the fleas. Many people are buying liquid insecticides that are repackaged in empty plastic or glass containers, without labels or instructions for how to apply them, and sold in small, open-air markets.

Improper use of insecticides is a health risk to people who may be overexposed to the chemicals. "Overuse of these chemicals is also dangerous because some fleas are developing resistance to insecticides -- the frontline tools for battling plague outbreaks," Miarinjara says.

"Poverty related to housing construction is a primary challenge that this research identified," adds Thomas Gillespie, senior author of the study and professor and chair of Emory's Department of Environmental Sciences. "Resurfacing dirt floors in homes with concrete could improve a range of health and quality-of-life issues, from reducing flea populations in homes to making the floors easier to clean of contaminants such as fecal matter tracked in from the outside."

The Gillespie lab is a pioneer in the "one health" approach to epidemics -- studying the interactions of people, domestic animals, wildlife and ecosystems to understand how germs jump across species.

The plague has afflicted humans at least as far back as the Bronze Age and has persisted through the centuries. The advent of antibiotics -- which can effectively treat plague -- turned the disease into a horror story from the past for much of the world.




In Madagascar, however, plague returns regularly to claim new victims. Cases typically originate in the rural rice-growing region of the central Highlands during the rainy season. Outbreaks there are associated with agriculture, deforestation, the black rat -- and fleas.

Different flea species have evolved to prefer the blood of one animal over another, although they may feed on a variety of organisms if they are hungry enough.

Most plague research is centered on the rat flea, or Xenopsylla cheopis. Just one of its bites can transmit enough bacteria to infect someone with plague. In contrast, several bites from the human flea, Pulex irritans, are required to transmit the bacteria, making it a less potent spreader of plague but still a threat.

For the current paper, the researchers collected fleas from 126 households in four different villages. Rural Madagascar homes typically consist of more than one level. The bottom level is often used to keep livestock overnight and the second and third floors are where members of the family sleep, cook and eat.

The fleas were collected overnight on the second floor of the homes using simple traps -- a lit candle set in a dish of soapy water. The fleas are attracted to the flickering light and drown when they hop into the dish.

The researchers painstakingly removed each drowned flea using tweezers, set them to dry on absorbent paper, and then transferred them to test tubes for laboratory identification and analyses.

The results showed that around 95% of the species collected in households were human fleas, mixed at times with a few rat fleas and a few from a third species that prefers to feed on cats and dogs. Collections were conducted in both the dry and rainy seasons with similar results.

"We're now looking deeper into what's going on with insecticide use in households," Miarinjara says. "We want to both sort out what is driving insecticide resistance among fleas and find ways to help people use insecticides safely and more effectively."

Co-authors of the current study include: Annick Reveloson, a PhD student at the University of Antananarivo in Madagascar; Stephen Mugel, an Emory PhD student set to graduate this May; Nick An, who graduated last year from Emory's BS/MPH program; Andry Andriamiadanarivo, a technician at Centre ValBio in Madagascar; and Minoarisoa Rajerison, Rindra Randremanana and Romain Girod, research scientists at the Pasteur Institute in Madagascar.

The research was funded by the Branco Weiss Society in Science Fellowship and the American Society of Tropical Medicine and Hygiene.
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Science has an AI problem: This group says they can fix it | ScienceDaily
AI holds the potential to help doctors find early markers of disease and policymakers to avoid decisions that lead to war. But a growing body of evidence has revealed deep flaws in how machine learning is used in science, a problem that has swept through dozens of fields and implicated thousands of erroneous papers.


						
Now an interdisciplinary team of 19 researchers, led by Princeton University computer scientists Arvind Narayanan and Sayash Kapoor, has published guidelines for the responsible use of machine learning in science.

"When we graduate from traditional statistical methods to machine learning methods, there are a vastly greater number of ways to shoot oneself in the foot," said Narayanan, director of Princeton's Center for Information Technology Policy and a professor of computer science. "If we don't have an intervention to improve our scientific standards and reporting standards when it comes to machine learning-based science, we risk not just one discipline but many different scientific disciplines rediscovering these crises one after another."

The authors say their work is an effort to stamp out this smoldering crisis of credibility that threatens to engulf nearly every corner of the research enterprise. A paper detailing their guidelines appeared May 1 in the journal Science Advances.

Because machine learning has been adopted across virtually every scientific discipline, with no universal standards safeguarding the integrity of those methods, Narayanan said the current crisis, which he calls the reproducibility crisis, could become far more serious than the replication crisis that emerged in social psychology more than a decade ago.

The good news is that a simple set of best practices can help resolve this newer crisis before it gets out of hand, according to the authors, who come from computer science, mathematics, social science and health research.

"This is a systematic problem with systematic solutions," said Kapoor, a graduate student who works with Narayanan and who organized the effort to produce the new consensus-based checklist.




The checklist focuses on ensuring the integrity of research that uses machine learning. Science depends on the ability to independently reproduce results and validate claims. Otherwise, new work cannot be reliably built atop old work, and the entire enterprise collapses. While other researchers have developed checklists that apply to discipline-specific problems, notably in medicine, the new guidelines start with the underlying methods and apply them to any quantitative discipline.

One of the main takeaways is transparency. The checklist calls on researchers to provide detailed descriptions of each machine learning model, including the code, the data used to train and test the model, the hardware specifications used to produce the results, the experimental design, the project's goals and any limitations of the study's findings. The standards are flexible enough to accommodate a wide range of nuance, including private datasets and complex hardware configurations, according to the authors.

While the increased rigor of these new standards might slow the publication of any given study, the authors believe wide adoption of these standards would increase the overall rate of discovery and innovation, potentially by a lot.

"What we ultimately care about is the pace of scientific progress," said sociologist Emily Cantrell, one of the lead authors, who is pursuing her Ph.D. at Princeton. "By making sure the papers that get published are of high quality and that they're a solid base for future papers to build on, that potentially then speeds up the pace of scientific progress. Focusing on scientific progress itself and not just getting papers out the door is really where our emphasis should be."

Kapoor concurred. The errors hurt. "At the collective level, it's just a major time sink," he said. That time costs money. And that money, once wasted, could have catastrophic downstream effects, limiting the kinds of science that attract funding and investment, tanking ventures that are inadvertently built on faulty science, and discouraging countless numbers of young researchers.

In working toward a consensus about what should be included in the guidelines, the authors said they aimed to strike a balance: simple enough to be widely adopted, comprehensive enough to catch as many common mistakes as possible.

They say researchers could adopt the standards to improve their own work; peer reviewers could use the checklist to assess papers; and journals could adopt the standards as a requirement for publication.

"The scientific literature, especially in applied machine learning research, is full of avoidable errors," Narayanan said. "And we want to help people. We want to keep honest people honest."
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Physicists build new device that is foundation for quantum computing | ScienceDaily
Scientists led by the University of Massachusetts Amherst have adapted a device called a microwave circulator for use in quantum computers, allowing them for the first time to precisely tune the exact degree of nonreciprocity between a qubit, the fundamental unit of quantum computing, and a microwave-resonant cavity. The ability to precisely tune the degree of nonreciprocity is an important tool to have in quantum information processing. In doing so, the team, including collaborators from the University of Chicago, derived a general and widely applicable theory that simplifies and expands upon older understandings of nonreciprocity so that future work on similar topics can take advantage of the team's model, even when using different components and platforms. The research was published recently in Science Advances.


						
Quantum computing differs fundamentally from the bit-based computing we all do every day. A bit is a piece of information typically expressed as a 0 or a 1. Bits are the basis for all the software, websites and emails that make up our electronic world.

By contrast, quantum computing relies on "quantum bits," or "qubits," which are like regular bits except that they are represented by the "quantum superposition" of two states of a quantum object. Matter in a quantum state behaves very differently, which means that qubits aren't relegated to being only 0s or 1s -- they can be both at the same time in a way that sounds like magic, but which is well defined by the laws of quantum mechanics. This property of quantum superposition leads to the increased power capabilities of quantum computers.

Furthermore, a property called "nonreciprocity" can create additional avenues for quantum computing to leverage the potential of the quantum world.

"Imagine a conversation between two people," says Sean van Geldern, graduate student in physics at UMass Amherst and one of the paper's authors. "Total reciprocity is when each of the people in that conversation is sharing an equal amount of information. Nonreciprocity is when one person is sharing a little bit less than the other."

"This is desirable in quantum computing," says senior author Chen Wang, assistant professor of physics at UMass Amherst, "because there are many computing scenarios where you want to give plenty of access to data without giving anyone the power to alter or degrade that data."

To control nonreciprocity, lead author Ying-Ying Wang, graduate student in physics at UMass Amherst, and her co-authors ran a series of simulations to determine the design and properties their circulator would need to have in order for them to vary its nonreciprocity. They then built their circulator and ran a host of experiments not just to prove their concept, but to understand exactly how their device enabled nonreciprocity. In the course of doing so, they were able to revise their model, which contained 16 parameters detailing how to build their specific device, to a simpler and more general model of only six parameters. This revised, more general model is much more useful than the initial, more specific one, because it is widely applicable to a range of future research efforts.




The "integrated nonreciprocal device" that the team built looks like a "Y." At the center of the "Y" is the circulator, which is like a traffic roundabout for the microwave signals mediating the quantum interactions. One of the legs is the cavity port, a resonant superconducting cavity hosting an electromagnetic field. Another leg of the "Y" holds the qubit, printed on a sapphire chip. The final leg is the output port.

"If we vary the superconducting electromagnetic field by bombarding it with photons," says Ying-Ying Wang, "we see that that qubit reacts in a predictable and controllable way, which means that we can adjust exactly how much reciprocity we want. And the simplified model that we produced describes our system in such a way that the external parameters can be calculated to tune an exact degree of nonreciprocity."

"This is the first demonstration of embedding nonreceptivity into a quantum computing device," says Chen Wang, "and it opens the door to engineering more sophisticated quantum computing hardware."

Funding for this research was provided by the U.S. Department of Energy, the Army Research Office, Simons Foundation, Air Force Office of Scientific Research, the U.S. National Science Foundation, and the Laboratory for Physical Sciences Qubit Collaboratory.
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Researchers unlock potential of 2D magnetic devices for future computing | ScienceDaily
Imagine a future where computers can learn and make decisions in ways that mimic human thinking, but at a speed and efficiency that are orders of magnitude greater than the current capability of computers.


						
A research team at the University of Wyoming created an innovative method to control tiny magnetic states within ultrathin, two-dimensional (2D) van der Waals magnets -- a process akin to how flipping a light switch controls a bulb.

"Our discovery could lead to advanced memory devices that store more data and consume less power or enable the development of entirely new types of computers that can quickly solve problems that are currently intractable," says Jifa Tian, an assistant professor in the UW Department of Physics and Astronomy and interim director of UW's Center for Quantum Information Science and Engineering.

Tian was corresponding author of a paper, titled "Tunneling current-controlled spin states in few-layer van der Waals magnets," that was published today (May 1) in Nature Communications, an open access, multidisciplinary journal dedicated to publishing high-quality research in all areas of the biological, health, physical, chemical, Earth, social, mathematical, applied and engineering sciences.

Van der Waals materials are made up of strongly bonded 2D layers that are bound in the third dimension through weaker van der Waals forces. For example, graphite is a van der Waals material that isbroadly used in industry in electrodes, lubricants, fibers, heat exchangers and batteries. The nature of the van der Waals forces between layers allows researchers to use Scotch tape to peel the layers into atomic thickness.

The team developed a device known as a magnetic tunnel junction, which uses chromium triiodide -- a 2D insulating magnet only a few atoms thick -- sandwiched between two layers of graphene. By sending a tiny electric current -- called a tunneling current -- through this sandwich, the direction of the magnet's orientation of the magnetic domains (around 100 nanometers in size) can be dictated within the individual chromium triiodide layers, Tian says.

Specifically, "this tunneling current not only can control the switching direction between two stable spin states, but also induces and manipulates switching between metastable spin states, called stochastic switching," says ZhuangEn Fu, a graduate student in Tian's research lab and now a postdoctoral fellow at the University of Maryland.




"This breakthrough is not just intriguing; it's highly practical. It consumes three orders of magnitude smaller energy than traditional methods, akin to swapping an old lightbulb for an LED, marking it a potential game-changer for future technology," Tian says. "Our research could lead to the development of novel computing devices that are faster, smaller and more energy-efficient and powerful than ever before. Our research marks a significant advancement in magnetism at the 2D limit and sets the stage for new, powerful computing platforms, such as probabilistic computers."

Traditional computers use bits to store information as 0's and 1's. This binary code is the foundation of all classic computing processes. Quantum computers use quantum bits that can represent both "0" and "1" at the same time, increasing processing power exponentially.

"In our work, we've developed what you might think of as a probabilistic bit, which can switch between '0' and '1' (two spin states) based on the tunneling current controlled probabilities," Tian says. "These bits are based on the unique properties of ultrathin 2D magnets and can be linked together in a way that is similar to neurons in the brain to form a new kind of computer, known as a probabilistic computer.

"What makes these new computers potentially revolutionary is their ability to handle tasks that are incredibly challenging for traditional and even quantum computers, such as certain types of complex machine learning tasks and data processing problems," Tian continues. "They are naturally tolerant to errors, simple in design and take up less space, which could lead to more efficient and powerful computing technologies."

Hua Chen, an associate professor of physics at Colorado State University, and Allan MacDonald, a professor of physics at the University of Texas-Austin, collaborated to develop a theoretical model that elucidates how tunneling currents influence spin states in the 2D magnetic tunnel junctions. Other contributors were from Penn State University, Northeastern University and the National Institute for Materials Science in Namiki, Tsukuba, Japan.

The study was funded through grants from the U.S. Department of Energy; Wyoming NASA EPSCoR (Established Program to Stimulate Competitive Research); the National Science Foundation; and the World Premier International Research Center Initiative and the Ministry of Education, Culture, Sports, Science and Technology, both in Japan.
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Key functions of therapeutically promising jumbo viruses | ScienceDaily
Antibiotic medicines became a popular treatment for bacterial infections in the early 20th century and emerged as a transformational tool in human health. Through the middle of the century novel antibiotics were regularly developed in the medication's golden age.


						
But then bacteria evolved. They found new ways to evade antibiotic treatments, rendering many useless. As new antibiotic sources dried up, bacterial infections escalated into today's global health crisis of antibiotic resistance.

Scientists now look to an unusual ally, viruses, to help counter this rising threat. Recently, researchers have focused on viruses known as bacteriophages as a new tool to treat and disarm antibiotic-resistant bacteria. Special attention has been placed on "jumbo" phages -- viruses recently discovered to feature extremely large genomes -- that could be tapped as special delivery agents that can not only kill bacteria but could be engineered to deliver antibiotics directly to the source of infection.

But in order to deliver novel therapeutics through phage, scientists must first understand the extraordinary biological makeup and mechanisms inside these mysterious viruses.

University of California San Diego School of Biological Sciences researchers and their colleagues at UC Berkeley's Innovative Genomics Institute and the Chulalongkorn University in Bangkok have taken a substantial step forward in deciphering several key functions within jumbo phages.

"These jumbo phages have large genomes that in theory could be manipulated to carry payloads that more effectively kill bacteria," said Joe Pogliano, a UC San Diego professor in the School of Biological Sciences and senior author of the new paper, which was published April 30 in the Proceedings of the National Academy of Sciences. "The problem is that their genome is enclosed so it's not easy to access. But now we've discovered some of its key elements."

As described in the paper, research led by School of Biological Sciences graduate student Chase Morgan focused on jumbo Chimalliviridae phages that were found to replicate inside bacteria by forming a compartment that resembles the nucleus inside the cells of humans and other living organisms. The Chimalliviridae's nucleus-like compartment separates and selectively imports certain proteins that allow it to replicate inside the host bacteria. But how this process unfolds had been a puzzling part of the process.




Using new genetic and cell biology tools, Morgan and his colleagues identified a key protein, which they named "protein importer of Chimalliviruses A," or PicA, that acts as a type of nightclub bouncer, selectively trafficking proteins by granting entry inside the nucleus for some but denying access for others. PicA, they found, coordinates cargo protein trafficking across the protective shell of the phage nucleus.

"Just the fact that this virus is able to set up this incredibly complex structure and transport system is really amazing and the likes of which we haven't seen before," said Morgan. "What we think of as complex biology is usually reserved for higher life forms with humans and our tens of thousands of genes, but here we are seeing functionally analogous processes in a comparatively tiny viral genome of only approximately 300 genes. It's probably the simplest selective transport system that we know of."

Using CRISPRi-ART, a programmable RNA tool for studying genomes, the researchers were able to demonstrate that PicA is an essential component of the Chimalliviridae nucleus development and replication process.

"Without the simplicity and versatility of RNA-targeting CRISPR technologies, directly asking and answering these questions would be nearly impossible. We are really excited to see how these tools unravel the mysteries encoded by phage genomes," said co-author Ben Adler, a postdoctoral scholar working under Nobel Prize-winning CRISPR pioneer Jennifer Doudna.

Bacteria and viruses have engaged in a type of arms race for billions of years, each evolving to counter the other's adaptations. The researchers say the sophisticated PicA transportation system is a result of that intense, ongoing evolutionary competition. The system has evolved to be both highly flexible and highly selective, allowing only key beneficial elements inside the nucleus. Without the PicA system, the bacteria's defensive proteins would work their way inside and sabotage the virus' replication process.

Such information is vital as scientists with the Howard Hughes Medical Institute (HHMI)-funded Emerging Pathogens Initiative and UC San Diego's Center for Innovative Phage Applications and Therapeutics strive to lay the groundwork to eventually genetically program phage to treat a variety of deadly diseases.

"We really didn't have any understanding of how the protein import system worked or which proteins were involved previously, so this research is the first step in understanding a key process that's critical for these phage to successfully replicate," said School of Biological Sciences graduate student Emily Armbruster, a paper coauthor. "The more we understand these essential systems, the better we will be able to engineer phage for therapeutic use.

Future targets for such genetically programmed viruses include Pseudomonas aeruginosa bacteria, which are known to cause potentially fatal infections and pose risks for patients in hospitals. Other promising targets include E. coli and Klebsiella which can cause chronic and recurrent infections and, in some cases, enter the blood stream which can be life threatening.
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Time-restricted eating and high-intensity exercise might work together to improve health | ScienceDaily
Combining time-restricted eating with high-intensity functional training may improve body composition and cardiometabolic parameters more than either alone, according to a study published May 1, 2024 in the open-access journal PLOS ONE by Ranya Ameur and Rami Maaloul from the University of Sfax, Tunisia, and colleagues.


						
Changes in diet and exercise are well-known ways to lose weight and improve cardiometabolic health. However, finding the right combination of lifestyle changes to produce sustainable results can be challenging. Prior studies indicate that time-restricted eating (which limits when, but not what, individuals eat) and high-intensity functional training (which combines intense aerobic and resistance exercise) may be beneficial and easier for individuals to commit to long term.

In a new study, researchers investigated the impact of time-restricted eating and high-intensity functional training on body composition and markers of cardiometabolic health such as cholesterol, blood glucose, and lipid levels. 64 women with obesity were assigned to one of three groups: time-restricted eating (diet only), high-intensity functional training (exercise only), or time-restricted eating plus high-intensity functional training (diet + exercise). Participants following the time-restricted eating regimen ate only between 8:00 am and 4:00 pm. Those in the functional training groups worked out three days per week with an instructor.

After 12 weeks, all three groups had significant weight loss and decreases in waist and hip circumference. Likewise, all groups showed favorable changes in lipid and glucose levels.

Some differences were seen between groups. For example, fat-free mass (a combination of lean mass and skeletal muscle mass) and blood pressure improved in the diet + exercise and exercise groups but did not change in the diet-only group.

Participants in the diet + exercise group generally experienced more profound changes in body composition and cardiometabolic parameters than either diet or exercise alone.

The researchers noted that this is a relatively small study, and it is difficult to tease out the contributions of specific exercise routines or of time-restricted eating and calorie reduction since both groups reduced their calorie intake. However, they note that combining time-restricted eating with high-intensity functional training might show promise in improving body composition and cardiometabolic health.

The authors add: "Combining time-restricted eating with High Intensity Functional Training is a promising strategy to improve body composition and cardiometabolic health."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240501153005.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mystery behind huge opening in Antarctic sea ice solved | ScienceDaily
Researchers have discovered the missing piece of the puzzle behind a rare opening in the sea ice around Antarctica, which was nearly twice the size of Wales and occurred during the winters of 2016 and 2017.


						
A study reveals a key process that had eluded scientists as to how the opening, called a polynya, was able to form and persist for several weeks.

The team of researchers from the University of Southampton, the University of Gothenburg and the University of California San Diego studied the Maud Rise polynya -- named after the submerged mountain-like feature in the Weddell Sea, over which it grows.

They found the polynya was brought on by complex interactions between the wind, ocean currents, and the unique geography of the ocean floor, transporting heat and salt towards the surface.

In Antarctica, the surface of the ocean freezes over in the winter, with sea ice covering an area about twice the size of the continental United States.

In coastal areas, openings in the sea ice occur every year. Here, strong coastal winds blow off the continent and push the ice away, exposing the seawater below. It is much rarer for these polynyas to form in sea ice over the open ocean, hundreds of kilometres away from the coast where the seas are thousands of meters deep.

Aditya Narayanan, a Postdoctoral Research Fellow at the University of Southampton, who led the research, said: "The Maud Rise polynya was discovered in the 1970s when remote sensing satellites that can see sea ice over the Southern Ocean were first launched. It persisted through consecutive winters from 1974 to 1976 and oceanographers back then assumed it would be an annual occurrence. But since the 1970s, it has occurred only sporadically and for brief intervals.




"2017 was the first time that we've had such a large and long-lived polynya in the Weddell Sea since the 1970s."

During 2016 and 2017, the large circular ocean current around the Weddell Sea became stronger. One of the consequences of this is that the deep layer of warm, salty water rises, making it easier for salt and heat to mix vertically into the surface water.

Fabien Roquet, a Professor in Physical Oceanography at the University of Gothenburg and co-author of the research, said: "This upwelling helps to explain how the sea ice might melt. But as sea ice melts this leads to a freshening of the surface water, which should in turn put a stop to the mixing. So, another process must be happening for the polynya to persist. There must be an additional input of salt from somewhere."

The researchers used remotely sensed sea ice maps, observations from autonomous floats and tagged marine mammals, alongside a computational model of the ocean's state. They found that as the Weddell Sea current flowed around Maud Rise, the turbulent eddies moved salt onto the top of the sea mount.

From here, a process called 'Ekman transport' helped to move the salt onto the northern flank of the of Maud Rise, where the polynya first formed. Ekman transport involves water moving at a 90-degree angle to the direction of the wind blowing above, influencing ocean currents.

"Ekman transport was the essential missing ingredient that was necessary to increase the balance of salt and sustain the mixing of salt and heat towards the surface water," says co-author Professor Alberto Naveira Garabato, also from the University of Southampton.




Polynyas are areas where you have a huge amount of transfer of heat and carbon between the ocean and the atmosphere. So much so that they can affect the heat and carbon budget of the region.

Professor Sarah Gille from University of California San Diego, another co-author of the research said: "The imprint of polynyas can remain in the water for multiple years after they've formed. They can change how water moves around and how currents carry heat towards the continent. The dense waters that form here can spread across the global ocean."

Some of the same processes that were involved in the forming of the Maud Rise polynya, such as the upwelling of deep and salty water, are also driving a general reduction in sea ice in the Southern Ocean.

Professor Gille added: "For the first time since observations began in the 1970s, there's a negative trend in sea ice in the Southern Ocean, which began around 2016. Before then it had remained somewhat stable."
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Brain imaging study reveals connections critical to human consciousness | ScienceDaily
Human consciousness requires arousal (i.e., wakefulness) and awareness. Brain imaging studies over the last decade have produced connectivity maps of the cortical networks that sustain awareness, but maps of the subcortical networks that sustain wakefulness are lacking, due to the small size and anatomic complexity of subcortical structures such as the brainstem. In a magnetic resonance imaging (MRI) study that integrated high-resolution structural and functional connectivity data, researchers mapped a subcortical brain network that is believed to integrate arousal and awareness in human consciousness.


						
In a paper titled, "Multimodal MRI reveals brainstem connections that sustain wakefulness in human consciousness," published today in Science Translational Medicine, a group of researchers at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, and Boston Children's Hospital, created a connectivity map of a brain network that they propose is critical to human consciousness.

The study involved high-resolution scans that enabled the researchers to visualize brain connections at submillimeter spatial resolution. This technical advance allowed them to identify previously unseen pathways connecting the brainstem, thalamus, hypothalamus, basal forebrain, and cerebral cortex.

Together, these pathways form a "default ascending arousal network" that sustains wakefulness in the resting, conscious human brain. The concept of a "default" network is based on the idea that specific networks within the brain are most functionally active when the brain is in a resting state of consciousness. In contrast, other networks are more active when the brain is performing goal-directed tasks.

To investigate the functional properties of this default brain network, the researchers analyzed 7 Tesla resting-state functional MRI data from the Human Connectome Project. These analyses revealed functional connections between the subcortical default ascending arousal network and the cortical default mode network that contributes to self-awareness in the resting, conscious brain.

The complementary structural and functional connectivity maps provide a neuroanatomic basis for integrating arousal and awareness in human consciousness. The researchers released the MRI data, brain mapping methods, and a new Harvard Ascending Arousal Network Atlas, to support future efforts to map the connectivity of human consciousness.

"Our goal was to map a human brain network that is critical to consciousness and to provide clinicians with better tools to detect, predict, and promote recovery of consciousness in patients with severe brain injuries," explains lead-author Brian Edlow, MD, co-director of Mass General Neuroscience, associate director of the Center for Neurotechnology and Neurorecovery (CNTR) at Mass General, an associate professor of Neurology at Harvard Medical School and a Chen Institute MGH Research Scholar 2023-2028.

Dr. Edlow explains, "Our connectivity results suggest that stimulation of the ventral tegmental area's dopaminergic pathways has the potential to help patients recover from coma because this hub node is connected to many regions of the brain that are critical to consciousness."

Senior author Hannah Kinney, MD, Professor Emerita at Boston Children's Hospital and Harvard Medical School, adds that "the human brain connections that we identified can be used as a roadmap to better understand a broad range of neurological disorders associated with altered consciousness, from coma, to seizures, to sudden infant death syndrome (SIDS)."

The authors are currently conducting clinical trials to stimulate the default ascending arousal network in patients with coma after traumatic brain injury, with the goal of reactivating the network and restoring consciousness.
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Sleep resets brain connections -- but only for first few hours | ScienceDaily
During sleep, the brain weakens the new connections between neurons that had been forged while awake -- but only during the first half of a night's sleep, according to a new study in fish by UCL scientists.


						
The researchers say their findings, published in Nature, provide insight into the role of sleep, but still leave an open question around what function the latter half of a night's sleep serves.

The researchers say the study supports the Synaptic Homeostasis Hypothesis, a key theory on the purpose of sleep which proposes that sleeping acts as a reset for the brain.

Lead author Professor Jason Rihel (UCL Cell & Developmental Biology) said: "When we are awake, the connections between brain cells get stronger and more complex. If this activity were to continue unabated, it would be energetically unsustainable. Too many active connections between brain cells could prevent new connections from being made the following day.

"While the function of sleep remains mysterious, it may be serving as an 'off-line' period when those connections can be weakened across the brain, in preparation for us to learn new things the following day."

For the study, the scientists used optically translucent zebrafish, with genes enabling synapses (structures that communicate between brain cells) to be easily imaged. The research team monitored the fish over several sleep-wake cycles.

The researchers found that brain cells gain more connections during waking hours, and then lose them during sleep. They found that this was dependent on how much sleep pressure (need for sleep) the animal had built up before being allowed to rest; if the scientists deprived the fish from sleeping for a few extra hours, the connections continued to increase until the animal was able to sleep.

Professor Rihel added: "If the patterns we observed hold true in humans, our findings suggest that this remodelling of synapses might be less effective during a mid-day nap, when sleep pressure is still low, rather than at night, when we really need the sleep."

The researchers also found that these rearrangements of connections between neurons mostly happened in the first half of the animal's nightly sleep. This mirrors the pattern of slow-wave activity, which is part of the sleep cycle that is strongest at the beginning of the night.

First author Dr Anya Suppermpool (UCL Cell & Developmental Biology and UCL Ear Institute) said: "Our findings add weight to the theory that sleep serves to dampen connections within the brain, preparing for more learning and new connections again the next day. But our study doesn't tell us anything about what happens in the second half of the night. There are other theories around sleep being a time for clearance of waste in the brain, or repair for damaged cells -- perhaps other functions kick in for the second half of the night."
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Roadmap to close the carbon cycle | ScienceDaily
A major approach to achieving net-zero carbon emissions relies on converting various parts of the economy, such as personal vehicles and heating, to run via electricity generated from renewable sources. But carbon cannot be removed from all parts of society. Plastics, ubiquitous in the modern world, cannot be decarbonized because they are made of carbon-based molecules.


						
Led by chemist Wendy Shaw of Pacific Northwest National Laboratory (PNNL), a multi-institutional effort has produced a new roadmap to reducing emissions in hard-to-electrify segments of the economy. The multifaceted approach includes developing non-carbon fuels, finding non-fossil sources of carbon, and keeping carbon in play once it enters the cycle, ideally resulting in multiple uses of each carbon atom.

Single-use carbon can no longer be widespread, the roadmap authors assert. The carbon must be kept in play through a circular economy where each carbon atom is used numerous times. The carbon can be reused within the same industrial sector or act as a feedstock for a new industrial sector. For instance, developing polymer upcycling processes and efficiently reusing carbon-based materials will be central to a net-zero carbon emissions future.

"We need novel and creative solutions to realize our decarbonization goals," said PNNL Director Steven Ashby. "And collaboration is key to accelerating the use-inspired scientific research in catalysis and separations science that will underpin these solutions. I eagerly await these results and their deployment in aviation, heavy duty trucking, and marine transportation."

The ideas emerged from a workshop on "Closing the Carbon Cycle," jointly hosted by PNNL, Ames National Laboratory, Argonne National Laboratory, Brookhaven National Laboratory, Lawrence Berkeley National Laboratory, Oak Ridge National Laboratory, and the SLAC National Accelerator Laboratory. Leads from each laboratory included Shaw, James Morris, Max Delferro, Sanjaya Senanayake, Francesca Toma, Michelle Kidder, and Simon Bare, respectively.

"Advancing carbon recycling and conversion technologies is key to a clean energy future, and Argonne is committed to supporting its development," said Argonne Director Paul Kearns. "I commend the researchers who are collaborating across the Department of Energy national lab complex to drive these transformative innovations to achieve net-zero by 2050."

A roadmap to decarbonization

Hydrogen and ammonia both have potential as carbon-free fuels. However, both have clear challenges for implementation. In particular, the cost to store and transport hydrogen makes it impractical with current technologies. Work to develop carrier molecules and materials to enable safe and affordable hydrogen transportation will complement the Department of Energy's Hydrogen Earthshot goal of renewably produced hydrogen for 1 $/kilogram or less. This cost reduction could help create viable hydrogen-based systems.




Using carbon from diverse sources is central to the proposed approach. Carbon will continue to be essential for many critical economic sectors. These sectors are candidates for circular carbon cycling through recycling and incorporating multiple carbon sources. Possible sources for valuable carbon include biomass, food waste, and plastic waste. Making this process a reality requires effective and efficient separations and conversions because complex mixtures make up most non-fossil carbon streams.

"Carbon should be seen as a valuable commodity that must be conserved and reused," said Shaw, Chief Science and Technology Officer of PNNL's Physical and Computational Sciences Directorate. "Our vision is to transform the role of carbon in our economy by reusing each carbon atom multiple times in a circular economy."

Effectively transforming "traditional" waste materials into reusable materials remains critical. Combining the separation and conversion steps through reactive separations may provide a practical approach. Reactive separations combine chemical reactions with purifying separations and can provide process intensification, converting the non-fossil carbon more efficiently.

"We need new fundamental science developments to produce integrated industrial approaches," said Morris. "The resulting technologies will create new economic opportunities, educational development, and additional job growth."

The roadmap presents a future without waste, where carbon is treated as a precious commodity rather than a disposable resource. Bringing sustainable sources of carbon into the carbon-circle economy is essential to this future.

This roadmap is the outcome of a workshop entitled "Closing the Carbon Cycle: Opportunities in Energy Science," organized by seven Department of Energy national laboratories on July 18 and 19, 2022. The full article is available in Nature Reviews Chemistry.
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Scientists identify new brain circuit in mice that controls body's inflammatory reactions | ScienceDaily
The brain can direct the immune system to an unexpected degree, capable of detecting, ramping up and tamping down inflammation, shows a new study in mice from researchers at Columbia's Zuckerman Institute.


						
"The brain is the center of our thoughts, emotions, memories and feelings," said Hao Jin, PhD, a co-first author of the study published online today in Nature. "Thanks to great advances in circuit tracking and single-cell technology, we now know the brain does far more than that. It is monitoring the function of every system in the body."

Future research could identify drugs that can target this newfound brain circuit to help treat a vast range of disorders and diseases in which the immune system goes haywire.

"This new discovery could provide an exciting therapeutic venue to control inflammation and immunity," said Charles S. Zuker, PhD, the study's senior author, a principal investigator at Columbia's Zuckerman Institute and a Howard Hughes Medical Institute investigator.

Recent work from the Zuker lab and other groups is revealing the importance of the body-brain axis, a vital pathway that conveys data between the organs and the brain. For example, Dr. Zuker and his colleagues discovered that sugar and fat entering the gut use the body-brain axis to drive the craving and strong appetite for sugary and fatty foods.

"We found all these ways in which the body is informing the brain about the body's current state," said co-first author Mengtong Li, PhD, a postdoctoral researcher in the Zuker lab. "We wanted to understand how much farther the brain's knowledge and control of the body's biology went."

The scientists looked for connections the brain might have with inflammation and innate immunity, the defense system shared by all animals and the most ancient component of the immune system. Whereas the adaptive immune system remembers previous encounters with intruders to help it resist them if they invade again, the innate immune system attacks anything with common traits of germs. The relative simplicity of innate immunity lets it respond to new insults more quickly than adaptive immunity.




Prior studies in humans revealed that electrically stimulating the vagus nerve -- a bundle of thousands of nerve fibers linking the brain and the body's internal organs -- could reduce the response linked to a specific inflammatory molecule. However, much remained unknown about the nature of this body-brain system: for instance, the generality of the brain's modulation of immunity and the inflammatory response, the selective lines of communication between the body and the brain, the logic of the underlying neural circuit, and the identity of the vagal and brain components that monitor and regulate inflammation.

The Zuker lab turned to a bacterial compound that sets off innate immune responses. The scientists found that giving this molecule to mice activated the caudal nucleus of the solitary tract, or cNST, which is tucked inside the brainstem. The cNST plays a major role in the body-brain axis and is the primary target of the vagus nerve.

The scientists showed that chemically suppressing the cNST resulted in an out-of-control inflammatory response to the immune insult: levels of pro-inflammatory molecules released by the immune system were more than three times higher than usual, and levels of anti-inflammatory immune compounds were roughly three times lower than normal. In contrast, artificially activating the cNST reduced pro-inflammatory molecule levels by nearly 70 percent and increased anti-inflammatory chemical levels almost tenfold.

"Similar to a thermostat, this newfound brain circuit helps increase or decrease inflammatory responses to keep the body responding in a healthy manner," said Dr. Jin, who started this study as a postdoctoral researcher in Dr. Zuker's lab. Dr. Jin is now a tenure track investigator at the National Institute of Allergy and Infectious Diseases. "In retrospect, it makes sense to have a master arbiter controlling this vital response."

Previous vagus nerve stimulation research in humans suggests the findings go beyond mice. The new research may also be in line with thousands of years of thought on the potential importance of the mind on the body.

"A lot of psychosomatic effects could actually be linked to brain circuits telling your body something," Dr. Jin noted.




The scientists identified the specific groups of neurons in the vagus nerve and in the cNST that help detect and control pro- and anti-inflammatory activity. "This opens up a new window into how the brain monitors and modulates body physiology," said Dr. Zuker, a professor of biochemistry, molecular biophysics and neuroscience at Columbia's Vagelos College of Physicians and Surgeons.

Discovering ways to control this newfound brain circuit may lead to novel therapies for common auto-immune diseases such as rheumatoid arthritis, type I diabetes, multiple sclerosis, neurodegenerative diseases, lupus, inflammatory bowel disease and Crohn's disease, as well as conditions such as long COVID syndrome, immune rejection of transplanted organs, and the potentially deadly outbursts known as cytokine storms that COVID infections can trigger.

Autoimmune diseases may affect roughly one in 10 individuals, a 2023 Lancet study suggested. In the United States alone, autoimmune diseases may cost the economy $100 billion annually, a figure that may be a gross underestimate, according to the Autoimmune Association.

Harnessing the activity of this circuit may make a difference across a broad range of conditions affecting the immune system, and help treat dysregulated inflammatory states in people suffering from immune diseases and disorders, Drs. Jin and Li said.
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A 'cosmic glitch' in gravity | ScienceDaily
A group of researchers at the University of Waterloo and the University of British Columbia have discovered a potential "cosmic glitch" in the universe's gravity, explaining its strange behaviour on a cosmic scale.


						
For the last 100 years, physicists have relied upon Albert Einstein's theory of "general relativity" to explain how gravity works throughout the universe. General relativity, proven accurate by countless tests and observations, suggests that gravity impacts not simply three physical dimensions but also a fourth dimension: time.

"This model of gravity has been essential for everything from theorizing the Big Bang to photographing black holes," said Robin Wen, the lead author on the project and a recent Waterloo Mathematical Physics graduate.

"But when we try to understand gravity on a cosmic scale, at the scale of galaxy clusters and beyond, we encounter apparent inconsistencies with the predictions of general relativity. It's almost as if gravity itself stops perfectly matching Einstein's theory. We are calling this inconsistency a 'cosmic glitch': gravity becomes around one per cent weaker when dealing with distances in the billions of light years. "

For more than twenty years, physicists and astronomers have been trying to create a mathematical model that explains the apparent inconsistencies of the theory of general relativity. Many of those efforts have taken place at Waterloo, which has a long history of cutting-edge gravitational research resulting from ongoing interdisciplinary collaboration between applied mathematicians and astrophysicists.

"Almost a century ago, astronomers discovered that our universe is expanding," said Niayesh Afshordi, a professor of astrophysics at the University of Waterloo and researcher at the Perimeter Institute.

"The farther away galaxies are, the faster they are moving, to the point that they seem to be moving at nearly the speed of light, the maximum allowed by Einstein's theory. Our finding suggests that, on those very scales, Einstein's theory may also be insufficient."

The research team's new model of a "cosmic glitch" modifies and extends Einstein's mathematical formulas in a way that resolves the inconsistency of some of the cosmological measurements without affecting existing successful uses of general relativity.

"Think of it as being like a footnote to Einstein's theory," Wen said. "Once you reach a cosmic scale, terms and conditions apply."

"This new model might just be the first clue in a cosmic puzzle we are starting to solve across space and time," Afshordi said.
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Biomarkers in blood to predict liver cancer | ScienceDaily
Early detection has the potential to transform treatment and outcomes in cancer care, especially for cancers like liver cancer, which is typically diagnosed at a late stage with limited options for cure. A new study led by investigators from Mass General Brigham and Beth Israel Deaconess Medical Center suggests that proteins detectable in the blood could improve predictions about risk of liver cancer years before typical diagnosis. Results are published in JNCI.


						
"Liver cancer rates are rapidly increasing, and liver cancer has a high mortality rate, but if we can diagnose it early, therapeutic interventions can be potentially curative," said lead author Xinyuan (Cindy) Zhang, PhD, of the Channing Division of Network Medicine at Brigham and Women's Hospital. "We need to have a way to detect this form of cancer early enough to intervene with surgery or liver transplantation to treat the disease before it becomes metastatic."

Liver cancer, or hepatocellular carcinoma (HCC), ranks as the third leading cause of cancer worldwide and the second leading cause of cancer-related deaths globally, with its incidence rate nearly tripled since 1980s in the US. Detection of liver cancers often occurs at advanced stages, where life expectancy typically spans less than 12 months. Certain high-risk populations, such as individuals with cirrhosis and hepatitis, stand to significantly benefit from early detection tests. Currently, there is a notable deficiency in accurate, sensitive, and specific tools for the early detection of liver cancer. Many existing methods are relatively expensive, invasive, or limited in accessibility, primarily confined to major hospitals.

The research team included investigators from Mass General Brigham's founding members, Brigham and Women's Hospital and Massachusetts General Hospital, Harvard T.H. Chan School of Public Health, Beth Israel Deaconess Medical Center and Yale University. The team utilized proteomics (profiling of proteins) to develop a prediction model aimed at diagnosing or screening for liver cancer at an earlier stage. They used the SomaScan Assay Kit, a high-throughput proteomics platform that measures protein levels in biological samples, available through the Beth Israel Deaconess Medical Center Genomics, Proteomics, Bioinformatics and Systems Biology Center. The SomaScan platform allowed them to detect minute levels of circulating proteins that may be present at early stage of disease, measuring 1,305 proteins simultaneously in the blood.

"It's always been challenging to identify highly specific disease biomarkers in the blood using traditional tools, but this new technology allows us to detect a broad and dynamic range of both high and low abundant proteins," said co-senior author Towia A. Libermann, PhD, of the Division of Interdisciplinary Medicine and Biotechnology, Beth Israel Deaconess Medical Center. "New insights into the biological mechanisms underlying liver cancer development emerge from our data that may lead to identification of novel therapeutic targets. Most importantly, we were able to validate these early detection biomarkers using alternative protein analysis techniques and in an independent population cohort from the UK."

The study team used SomaScan to analyze plasma samples from participants in both the Nurses' Health Study and the Health Professional Follow-Up Study, two longitudinal, ongoing, prospective cohorts in the U.S. Notably, they examined blood samples obtained from individuals an average of 12 years before their liver cancer diagnosis to pinpoint protein biomarker signals. After examination, the researchers cross-referenced medical records to confirm whether these patients ultimately developed liver cancer.

From the blood samples, the researchers identified 56 plasma proteins that showed significantly elevated levels in individuals with liver cancer compared to matched control individuals without hepatocellular cancer. The team selected four of these proteins to create a predictive model, which they tested on the UK Biobank Pharma Proteomics dataset, comprised of 50,000 individuals, 45 of whom were diagnosed with liver cancer. Their model had greater accuracy in predicting liver cancer compared to traditional risk factors.

The authors caution that their study included a limited number of liver cancer cases and further validation in larger, more diverse patient populations and in high-risk populations is needed.

"Even though further investigation in additional populations is absolutely needed, our results reveal a robust circulating protein profile associated with liver cancer years before diagnosis, which is remarkable," said co-senior author Xuehong Zhang, MBBS, ScD, who conducted work on this study while at the Channing Division of Network Medicine at the Brigham. Zhang is now at Yale.

The study team also aims to extend their methodology to uncover additional plasma protein biomarkers utilizing the more expanded SomaScan assay measuring 11,000 proteins, explore biomarkers linked with different cancer types, and gain deeper insights into the role of hepatocellular cancer risk factors across specific patient populations. With further progress, the protein biomarkers investigated in the study could potentially hold clinical significance as a non-invasive test for assessing liver cancer risk.
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Social-media break has huge impact on young women's body image, study finds | ScienceDaily
There's a large and growing body of evidence pointing to potentially negative impacts of social media on mental health, from its addictive nature to disruptions in sleep patterns to effects on body image. Now, a new study coming out of York University's Faculty of Health found young women who took a social media break for as little as one week had a significant boost in self-esteem and body image -- particularly those most vulnerable to thin-ideal internalization.


						
"The statistician inside me was excited -- we don't often see effect sizes this large in my area of psychology research because human behaviour is complicated and there's lots of variability," says Psychology Professor Jennifer Mills, co-author of the paper. "We hope this study can be used to help protect young people and influence social media companies to give users more agency in how they interact with these platforms."

The paper, out this week in the journal Body Image, is thought to be the first to look specifically at social-media breaks and body image. Mills, whose lab has been on the forefront of this kind of research, collaborated on the paper with graduate researcher Lindsay Samson and undergraduate Olivia Smith, both students at York. They expected that there might be recruitment challenges, but it turns out there was enthusiasm for taking a social media pause among the 66 first-year female undergraduates who participated. Half were instructed to continue their social media as per usual, while the other half were given instructions to refrain from Instagram, Facebook, Twitter, and TikTok and other social media use for one week. They conducted baseline surveys before the experiment, and tested the participants again after the week was over.

"There's natural variability in how people feel about their bodies and about themselves in general, so we took that into account statistically, and even after that there were still significant differences between the groups after one week," says Mills, who is also the director of clinical training for the graduate psychology program.

The differences in the social media landscape are remarkable compared to when Mills started researching eating disorders and the effects of media, like magazines aimed at women.

"Back then, you could only spend so many minutes or hours looking at fashion and beauty magazines and they only came out once a month. There was a finite amount of content that you would be exposed to. With social media it's infinite. It's always new and novel, which triggers our brain's reward system that makes us want more and more of something."

Mills says the improvements found in this study might be explained both by women spending far less time engaging in behaviours known to have a detrimental effect, such as comparisons with others, but they may have also replaced social media with healthier behaviours.

"If we're spending more time in real life, socializing with friends, getting sleep, getting outdoors, getting exercise, there could be secondary behaviours that fill the void left by social media. Future research will try to disentangle that."
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Understanding youth nicotine use to prevent initiation and escalation | ScienceDaily
Using multiple nicotine products can be associated with higher levels of nicotine dependence among youth and increased mortality in adults, compared with the use of one product alone. Yale researchers have now uncovered factors that contribute to adolescents using multiple nicotine products.


						
These findings, they say, will help inform efforts to prevent escalation from single to multiple product use.

Their findings were reported April 24 in the journal Preventative Medicine.

While public health campaigns have spread awareness on the harms of smoking and, more recently, vaping, an increasingly diverse landscape of nicotine products, widespread adoption of e-cigarettes, and a growing use of multiple products among young people may require updated strategies, says Patricia Simon, an assistant professor adjunct of psychiatry at Yale School of Medicine (YSM) and lead author of the study.

"Using nicotine products has numerous health impacts and multiple product use can have additional negative consequences, including increased nicotine dependence, reduced intent to quit, and increased mortality," said Simon. "One challenge now is to find ways to prevent young people from progressing from single to multiple product use, but we need to know what contributes to that progression in order to develop effective interventions."

For the study, Simon and her colleagues used data from the Population Assessment of Tobacco and Health (PATH) Study, a long-term evaluation of tobacco use in the United States that began in 2013 and is administered and funded by the National Institutes of Health (NIH) and the U.S. Food and Drug Administration (FDA). The researchers analyzed data from over 10,000 individuals who joined the PATH study when they were between the ages 12 and 17. The participants completed the PATH Study assessments in 2013 and 2014 (Wave 1 of the PATH Study) and again in 2017 and 2018 (Wave 4).

Among the study group during Wave 4, nearly 11% reported having used multiple nicotine products, over 13% reported using one product, and just over 76% said they had not used any nicotine products during the previous 30 days, the researchers found. Cigarettes were the product most reportedly used followed by e-cigarettes, cigars, hookah, and smokeless tobacco.




"We also found several personal, familial, and environmental factors that contributed to nicotine product use and multiple product use," said Ralitza Gueorguieva, a senior research scientist in the Department of Biostatistics at Yale School of Public Health (YSPH) and coauthor of the study.

Those who reported using nicotine products in Wave 4 of the study reported more problems with sleep, anxiety, or feelings of hopelessness, were less likely to have talked with parents or guardians about not using tobacco products, and more likely to have seen advertisements for tobacco products in Wave 1, compared with those not reporting nicotine use.

The researchers then compared individuals who used multiple products with those who reported using just one in Wave 4, finding they were more likely to be male, in the older 15- to 17-year-old age group, and to have reported ever using a nicotine product at the start of the study (Wave 1). When asked to rate how much harm they thought came from using various nicotine products, those who used multiple products assigned less harmful ratings than those who used just one product.

"This more nuanced understanding of nicotine use in adolescents allows us to better differentiate those who use single products versus multiple products, which is an important new perspective," said Elina Stefanovics, a research scientist in the Department of Psychiatry at YSM and coauthor of the study.

These findings should be considered by regulators aiming to align policies with modern usage patterns, clinicians advising parents on risk and protective factors, and prevention scientists developing targeted programs based on specific risk factors for youth, said the researchers.

"This study provides crucial evidence that will help shape interventions aimed at preventing both the initiation and escalation of nicotine product use among adolescents," said Eugenia Buta, a research scientist with the Yale Center for Analytical Sciences at YSPH and coauthor of the study. "By understanding these factors, we can develop more effective public health strategies and regulatory policies to reduce the prevalence of multiple nicotine product use among our youth."

Shiyao Ying at YSPH and Suchitra Krishnan-Sarin at YSM were also coauthors of the study.

Research reported in this publication was supported by grant number U54DA036151 from the National Institute on Drug Abuse (NIDA), part of the NIH, and the Center for Tobacco Products, part of the FDA. Partial support is also provided by National Cancer Institute, NIH grant R03 CA245991 and NIDA grant L40 DA042454. The content is solely the responsibility of the authors, and it does not necessarily represent the official views of the National Institutes of Health or the Food and Drug Administration.
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Why you can taste more ethanol in a cold pint of beer or warm glass of baijiu | ScienceDaily
We all have our own preferred drinking temperatures for different alcoholic beverages, with people commonly enjoying beer or white wine chilled, red wine near room temperature, or baijiu (Chinese whisky) or sake warmed. Now, in a paper publishing in the journal Matter on May 1, researchers report that alcoholic beverages may taste more or less "ethanol-like" at different temperatures, and this may be explained by how water and ethanol form either chain-like or pyramid-shaped clusters at the molecular level.


						
"Two years ago, first author Xiaotao Yang and I were drinking beer together. He had just finished his doctorate degree thesis and asked me, 'what should we do next?'" says lead author and materials scientist Lei Jiang of the Chinese Academy of Sciences. "At the time, I was a scientific committee member of one of the biggest Chinese alcoholic beverage companies, and I had the idea to ask the question 'why does Chinese baijiu have a very particular concentration of alcohol, either 38%-42%, 52%-53%, or 68%-75%?'"

"Then we decided, let's try something, so I put a drop of beer on my hand to see the contact angle," says Jiang.

Soon after, Jiang, Yang, and the rest of their team set off to the lab to measure the contact angle of a series of solutions with increasing concentrations of alcohol in water. Contact angle is a common measurement of a liquid's surface tension, and it also tells you how the molecules within the droplet are interacting with each other and with the surface below.

For example, water has a low contact angle on a surface like glass, and so a drop of it will appear "bead-like," where a drop of high alcohol concentration spirits will have a higher contact angle and will instead flatten and spread out.

They were surprised to find that the contact angle did not increase linearly with increasing alcohol concentration, but instead the plot showed an irregular series of plateaus as it increased. Additional experiments indicated that this was happening due to the formation of different clusters of ethanol and water in solution.

At low ethanol concentrations, the ethanol forms more pyramid-shaped structures around water molecules; however, when the concentration of ethanol is increased, the ethanol begins to arrange end to end as if in a chain.




Interestingly, the researchers also found that the plateaus that they observed disappeared or appeared when the solutions were cooled or heated, and that some of these trends could explain differences in how alcohol taste is perceived.

For example, 38%-42% and 52%-53% ethanol solutions -- like the ethanol concentrations in baijiu -- have distinct cluster structures at around room temperature, but this difference disappears at higher temperatures, like 40degC. This could explain why both professional and amateur tasters can distinguish these concentrations of baijiu at room temperature but not at high temperature. At higher temperatures, both concentrations have more chain-like structures and therefore a more "ethanol-like" taste.

"Although there is only 1% difference, the taste of baijiu at 51% and 52% is noticeably different; the taste of baijiu at 51% is similar to that of lower alcohol content, such as 38%-42%. So, in order to achieve the same taste at a lower alcohol content, the distribution of baijiu products ranges most within the 38%-42% and 52%-53% categories," says Jiang.

Similarly, professional testers observe a stronger "ethanol-like" taste in beer after it has been chilled. The results of these experiments show that there is a distinct enhancement in the chain-like structures at 5degC in 5% and 11% ethanol solutions.

"At low temperature, the tetrahedral (pyramid-shaped) clusters become the low concentration amount, and this is why we drink cold beer," says Jiang.

The researchers propose that this information could be leveraged by the alcoholic beverage industry to achieve an "ethanol-like" taste with the lowest ethanol concentration possible.
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Cell contractions drive the initial shaping of human embryos | ScienceDaily
In humans, embryonic cell compaction is a crucial step in the normal development of an embryo. Four days after fertilisation, cells move closer together to give the embryo its initial shape. Defective compaction prevents the formation of the structure that ensures the embryo can implant in the uterus. In assisted reproductive technology (ART), this stage is carefully monitored before an embryo is implanted.


						
An interdisciplinary research team1 led by scientists at the Genetics and Developmental Biology Unit at the Institut Curie (CNRS/Inserm/Institut Curie) studying the mechanisms at play in this still little-known phenomenon has made a surprising discovery: human embryo compaction is driven by the contraction of embryonic cells. Compaction problems are therefore due to faulty contractility in these cells, and not a lack of adhesion between them, as was previously assumed. This mechanism had already been identified in flies, zebrafish and mice, but is a first in humans.

By improving our understanding of the early stages of human embryonic development, the research team hopes to contribute to the refinement of ART as nearly one third of inseminations are unsuccessful today.2

The results were obtained by mapping cell surface tensions in human embryonic cells. The scientists also tested the effects of inhibiting contractility and cell adhesion and analysed the mechanical signature of embryonic cells with defective contractility.

Notes : 1 -- Scientists from the following entities also took part in the study: the Centre interdisciplinaire de recherche en biologie (CNRS/College de France/Inserm), the Reproductive Biology Department -- CECOS (AP-HP) and the Institut Cochin (CNRS/Inserm/Universite Paris Cite).

2 -- Source: Agence de la biomedecine
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New mRNA cancer vaccine triggers fierce immune response to fight malignant brain tumor | ScienceDaily
In a first-ever human clinical trial of four adult patients, an mRNA cancer vaccine developed at the University of Florida quickly reprogrammed the immune system to attack glioblastoma, the most aggressive and lethal brain tumor.


						
The results mirror those in 10 pet dog patients suffering from naturally occurring brain tumors whose owners approved of their participation, as they had no other treatment options, as well as results from preclinical mouse models. The breakthrough now will be tested in a Phase 1 pediatric clinical trial for brain cancer.

Reported May 1 in the journal Cell, the discovery represents a potential new way to recruit the immune system to fight notoriously treatment-resistant cancers using an iteration of mRNA technology and lipid nanoparticles, similar to COVID-19 vaccines, but with two key differences: use of a patient's own tumor cells to create a personalized vaccine, and a newly engineered complex delivery mechanism within the vaccine.

"Instead of us injecting single particles, we're injecting clusters of particles that are wrapping around each other like onions, like a bag full of onions," said senior author Elias Sayour, M.D., Ph.D., a UF Health pediatric oncologist who pioneered the new vaccine, which like other immunotherapies attempts to "educate" the immune system that a tumor is foreign. "And the reason we've done that in the context of cancer is these clusters alert the immune system in a much more profound way than single particles would."

Among the most impressive findings was how quickly the new method, delivered intravenously, spurred a vigorous immune-system response to reject the tumor, said Sayour, principal investigator of the RNA Engineering Laboratory within UF's Preston A. Wells Jr. Center for Brain Tumor Therapy and a UF Health Cancer Center and McKnight Brain Institute investigator who led the multi-institution research team.

"In less than 48 hours, we could see these tumors shifting from what we refer to as 'cold' -- immune cold, very few immune cells, very silenced immune response -- to 'hot,' very active immune response," he said. "That was very surprising given how quick this happened, and what that told us is we were able to activate the early part of the immune system very rapidly against these cancers, and that's critical to unlock the later effects of the immune response."

Glioblastoma is among the most devastating diagnoses, with median survival around 15 months. Current standard of care involves surgery, radiation and some combination of chemotherapy.




The new publication is the culmination of promising translational results over seven years of studies, starting in preclinical mouse models and then in a clinical trial of 10 pet dogs that had spontaneously developed terminal brain cancer and had no other treatment options. That trial was conducted with owners' consent in collaboration with the UF College of Veterinary Medicine. Dogs offer a naturally occurring model for malignant glioma because they are the only other species that develops spontaneous brain tumors with some frequency, said Sheila Carrera-Justiz, D.V.M., a veterinary neurologist at the UF College of Veterinary Medicine who is partnering with Sayour on the clinical trials. Gliomas in dogs are universally terminal, she said.

After treating pet dogs that had spontaneously developed brain cancer with personalized mRNA vaccines, Sayour's team advanced the research to a small Food and Drug Administration-approved clinical trial designed to ensure safety and test feasibility before expanding to a larger trial.

In a cohort of four patients, genetic material called RNA was extracted from each patient's own surgically removed tumor, and then messenger RNA, or mRNA -- the blueprint of what is inside every cell, including tumor cells -- was amplified and wrapped in the newly designed high-tech packaging of biocompatible lipid nanoparticles, to make tumor cells "look" like a dangerous virus when reinjected into the bloodstream and prompt an immune-system response. The vaccine was personalized to each patient with a goal of getting the most out of their unique immune system.

"The demonstration that making an mRNA cancer vaccine in this fashion generates similar and strong responses across mice, pet dogs that have developed cancer spontaneously and human patients with brain cancer is a really important finding, because oftentimes we don't know how well the preclinical studies in animals are going to translate into similar responses in patients," said Duane Mitchell, M.D., Ph.D., director of the UF Clinical and Translational Science Institute and the UF Brain Tumor Immunotherapy Program and a co-author of the paper. "And while mRNA vaccines and therapeutics are certainly a hot topic since the COVID pandemic, this is a novel and unique way of delivering the mRNA to generate these really significant and rapid immune responses that we're seeing across animals and humans."

While too early in the trial to assess the clinical effects of the vaccine, the patients either lived disease-free longer than expected or survived longer than expected.

The 10 pet dogs lived a median of 139 days, compared with a median survival of 30 to 60 days typical for dogs with the condition.




The next step, through support from the Food and Drug Administration and the CureSearch for Children's Cancer foundation, will be an expanded Phase I clinical trial to include up to 24 adult and pediatric patients to validate the findings. Once an optimal and safe dose is confirmed, an estimated 25 children would participate in Phase 2, said Sayour, an associate professor in the Lillian S. Wells Department of Neurosurgery and the department of pediatrics in the UF College of Medicine, part of UF Health.

For the new clinical trial, Sayour's lab will partner with a multi-institution consortium, the Pediatric Neuro-Oncology Consortium, to send the immunotherapy treatment to children's hospitals across the country. They will do this by receiving an individual patient's tumor, manufacturing the personalized vaccine at UF and sending it back to the patient's medical team, said Sayour, co-leader of the Immuno-Oncology and Microbiome research program at the UF Health Cancer Center.

Despite the promising results, the authors said one limitation is continued uncertainty about how best to harness the immune system while minimizing the potential for adverse side effects.

"I am hopeful that this could be a new paradigm for how we treat patients, a new platform technology for how we can modulate the immune system," Sayour said. "I am hopeful for how this could now synergize with other immunotherapies and perhaps unlock those immunotherapies. We showed in this paper that you actually can have synergy with other types of immunotherapies, so maybe now we can have a combination approach of immunotherapy."

Sayour and Mitchell hold patents related to the vaccine which are under option to license by iOncologi Inc., a biotech company born as a "spin out" from UF in which Mitchell holds interest.
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Father's gut microbes affect the next generation | ScienceDaily
The gut microbiota is the microbial community that occupies the gastrointestinal tract. It is responsible for producing enzymes, metabolites, and other molecules crucial for host metabolism and in response to the environment.


						
Consequently, a balanced gut microbiota is important for mammalian health in many ways, such as helping to regulate the immune and endocrine systems. This in turn, impacts the physiology of tissues throughout the body. However, little was known about the impact of the gut microbiota on host reproduction, and whether an altered microbiota in a father could influence the fitness of his offspring.

The Hackett group at EMBL Rome, in collaboration with the Bork and the Zimmermann groups at EMBL Heidelberg, set out to answer this question, with their results now published in the journal Nature. The scientists showed that disrupting the gut microbiota in male mice increases the probability that their offspring are born with low weight, and are more likely to die prematurely.  

What is passed on to the next generation

To study the effects of the gut microbiota on male reproduction and their offspring, the researchers altered the composition of gut microbes in male mice by treating them with common antibiotics that do not enter the bloodstream. This induces a condition called dysbiosis, whereby the microbial ecosystem in the gut becomes unbalanced.

The scientists then analysed changes in the composition of important testicular metabolites. They found that in male mice dysbiosis affects the physiology of the testes, as well as metabolite composition and hormonal signalling. At least part of this effect was mediated by changes in the levels of the key hormone leptin in blood and testes of males with induced dysbiosis. These observations suggest that in mammals, a 'gut-germline axis' exists as an important connection between the gut, its microbiota, and the germline.

To understand the relevance of this 'gut-germline' axis to traits inherited by offspring, the scientists mated either untreated or dysbiotic males with untreated females. Mouse pups sired by dysbiotic fathers showed significantly lower birth weights and an increased rate of postnatal mortality. Different combinations of antibiotics as well as treatments with dysbiosis-inducing-laxatives (which also disrupt microbiota) affected offspring similarly.




Importantly, this effect is reversible. Once antibiotics are withdrawn, paternal microbiota recover. When mice with recovered microbiota were mated with untreated females, their offspring were born with normal birthweight and developed normally as well.

"We have observed that intergenerational effects disappear once a normal microbiota is restored. That means that any alteration to the gut microbiota able to cause intergenerational effects could be prevented in prospective fathers" said Peer Bork, EMBL Heidelberg Director, who participated in the study. "The next step will be to understand in detail how different environmental factors such as medicinal drugs including antibiotics can affect the paternal germline and, therefore, embryonic development." Ayele Denboba, first author of the publication and former postdoc in the Hackett Group, now Group Leader at the Max Planck Institute of Immunology and Epigenetics in Freiburg, Germany added "The study originated to understand environmental impacts on fathers by considering the gut microbiota as a nexus of host-environment interactions, thus creating a sufficient-cause model to assess intergenerational health risks in complex ecological systems."

Paternal impact on pregnancy disease risk

In their work, Hackett and his colleagues also discovered that placental defects, including poor vascularisation and reduced growth, occurred more frequently in pregnancies involving dysbiotic males. The defective placentas exhibited hallmarks of a common pregnancy complication in humans called pre-eclampsia, which leads to impaired offspring growth and is a risk factor for developing a wide range of common diseases later in life.

"Our study demonstrates the existence of a channel of communication between the gut microbiota and the reproductive system in mammals. What's more, environmental factors that disrupt these signals in prospective fathers increase the risk of adverse health in offspring, through altering placental development" said Jamie Hackett, coordinator of the research project and an EMBL Rome Group Leader. "This implies that in mice, the environment of a father just prior to conception can influence offspring traits independently of genetic inheritance."

"At the same time, we find the effect is for one generation only, and I should be clear that further studies are needed to investigate how pervasive these effects are and whether they have relevance in humans. There are intrinsic differences to be considered when translating results from mouse models to humans." Hackett continued: "But given the widespread prevalence of dietary and antibiotic practices in Western culture that are known to disrupt the gut microbiota, it is important to consider paternal intergenerational effects more carefully -- and how they may be affecting pregnancy outcomes and population disease risk."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240501125733.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers identify causal genetic variant linked to common childhood obesity | ScienceDaily
Researchers from Children's Hospital of Philadelphia (CHOP) have identified a causal genetic variant strongly associated with childhood obesity. The study provides new insight into the importance of the hypothalamus of the brain and its role in common childhood obesity and the target gene may serve as a druggable target for future therapeutic interventions. The findings were published today in the journal Cell Genomics.


						
Both environmental and genetic factors play critical roles in the increasing incidence of childhood obesity. While the exact role of genetics in childhood obesity is still not fully understood, prior studies show that neuronal pathways in the hypothalamus control food intake and are key regulators for the disease.

Prior international genome-wide association studies (GWAS) led by CHOP investigators found specific genetic markers, or loci, linked with obesity. Most of these studies revealed loci associated with childhood and adult obesity in equal measure, and most of these loci have been in non-coding regions of the genome, which means they do not code for specific proteins, making their mechanisms much more difficult to study. This latest research focused on chr12q13, a locus harboring the nearby gene FAIM2 that generated a strikingly stronger signal with childhood obesity when compared to adult obesity.

"By focusing specifically on this locus, we were able to pinpoint a causal variant associated with one of the strongest genetic signals we have implicated in childhood obesity," said first study author Sheridan H. Littleton, PhD, a postdoctoral research associate who conducted this work as a member of the Center for Spatial and Functional Genomics team at CHOP. "With more research, there's potential to learn how the target of this variant's action may be a target for new therapies specifically designed to treat childhood obesity."

In addition to childhood obesity, the locus in question has been found to be connected to a variety of related health issues, including elevated type 2 diabetes susceptibility, increased body fat percentage in children and adults, and earlier age of menstruation. Using a variety of techniques, the researchers narrowed their focus on rs7132908, a single nucleotide polymorphism (SNP), or variant, at the locus.

Prior related CHOP research implicated the hypothalamus in appetite, a trait that could be linked to childhood obesity. Since the hypothalamus is deep inside the brain, it is particularly challenging to study. To further study the effects of the rs7132908 variant, the researchers used stem cells that evolve into hypothalamic neurons, a key cell type associated with eating behavior, to study the variant's alleles. The allele associated with obesity risk influenced how the FAIM2 gene was expressed and decreased the proportion of neurons produced when the stem cells differentiated, suggesting that the variant is also associated with neurodevelopment.

"In spite of a series of challenges, a study like this demonstrates how extra effort can reveal important information about hitherto uncharacterized genetic variants and the role they play in a variety of childhood and adult illnesses," said Struan F.A. Grant, PhD, Director of the Center for Spatial and Functional Genomics and the Daniel B. Burke Endowed Chair for Diabetes Research at CHOP. "This work further underscores how the brain is central to the genetics of obesity and provides us with a strategy for further study."

This study was supported by the Eunice Kennedy Shriver National Institute of Child Health and Human Development grants F31 HD105404 and R01 HD056465, the National Institute of Diabetes and Digestive and Kidney Diseases grant UM1 DK126194, and the Daniel B. Burke Endowed Chair for Diabetes Research.
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Scientists work out the effects of exercise at the cellular level | ScienceDaily
The health benefits of exercise are well known but new research shows that the body's response to exercise is more complex and far-reaching than previously thought. In a study on rats, a team of scientists from across the United States has found that physical activity causes many cellular and molecular changes in all 19 of the organs they studied in the animals.


						
Exercise lowers the risk of many diseases, but scientists still don't fully understand how exercise changes the body on a molecular level. Most studies have focused on a single organ, sex, or time point, and only include one or two data types.

To take a more comprehensive look at the biology of exercise, scientists with the Molecular Transducers of Physical Activity Consortium (MoTrPAC) used an array of techniques in the lab to analyze molecular changes in rats as they were put through the paces of weeks of intense exercise. Their findings appear in Nature.

The team studied a range of tissues from the animals, such as the heart, brain, and lungs. They found that each of the organs they looked at changed with exercise, helping the body to regulate the immune system, respond to stress, and control pathways connected to inflammatory liver disease, heart disease, and tissue injury.

The data provide potential clues into many different human health conditions; for example, the researchers found a possible explanation for why the liver becomes less fatty during exercise, which could help in the development of new treatments for non-alcoholic fatty liver disease.

The team hopes that their findings could one day be used to tailor exercise to an individual's health status or to develop treatments that mimic the effects of physical activity for people who are unable to exercise. They have already started studies on people to track the molecular effects of exercise.

Launched in 2016, MoTrPAC draws together scientists from the Broad Institute of MIT and Harvard, Stanford University, the National Institutes of Health, and other institutions to shed light on the biological processes that underlie the health benefits of exercise. The Broad project was originally conceived of by Steve Carr, senior director of Broad's Proteomics Platform; Clary Clish, senior director of Broad's Metabolomics Platform; Robert Gerszten, a senior associate member at the Broad and chief of cardiovascular medicine at Beth Israel Deaconess Medical Center; and Christopher Newgard, a professor of nutrition at Duke University.




Co-first authors on the study include Pierre Jean-Beltran, a postdoctoral researcher in Carr's group at Broad when the study began, as well as David Amar and Nicole Gay of Stanford. Courtney Dennis and Julian Avila, both researchers in Clish's group, were also co-authors on the manuscript.

"It took a village of scientists with distinct scientific backgrounds to generate and integrate the massive amount of high quality data produced," said Carr, a co-senior author of the study. "This is the first whole-organism map looking at the effects of training in multiple different organs. The resource produced will be enormously valuable, and has already produced many potentially novel biological insights for further exploration."

The team has made all of the animal data available in an online public repository. Other scientists can use this site to download, for example, information about the proteins changing in abundance in the lungs of female rats after eight weeks of regular exercise on a treadmill, or the RNA response to exercise in all organs of male and female rats over time.

Whole-body analysis

Conducting such a large and detailed study required a lot of planning. "The amount of coordination that all of the labs involved in this study had to do was phenomenal," said Clish.

In partnership with Sue Bodine at the Carver College of Medicine at the University of Iowa, whose group collected tissue samples from animals after up to eight weeks of training, other members of the MoTrPAC team divided the samples up so that each lab -- Carr's team analyzing proteins, Clish's studying metabolites, and others -- would examine virtually identical samples.




"A lot of large-scale studies only focus on one or two data types," said Natalie Clark, a computational scientist in Carr's group. "But here we have a breadth of many different experiments on the same tissues, and that's given us a global overview of how all of these different molecular layers contribute to exercise response."

In all, the teams performed nearly 10,000 assays to make about 15 million measurements on blood and 18 solid tissues. They found that exercise impacted thousands of molecules, with the most extreme changes in the adrenal gland, which produces hormones that regulate many important processes such as immunity, metabolism, and blood pressure. The researchers uncovered sex differences in several organs, particularly related to the immune response over time. Most immune-signaling molecules unique to females showed changes in levels between one and two weeks of training, whereas those in males showed differences between four and eight weeks.

Some responses were consistent across sexes and organs. For example, the researchers found that heat-shock proteins, which are produced by cells in response to stress, were regulated in the same ways across different tissues. But other insights were tissue-specific. To their surprise, Carr's team found an increase in acetylation of mitochondrial proteins involved in energy production, and in a phosphorylation signal that regulates energy storage, both in the liver that changed during exercise. These changes could help the liver become less fatty and less prone to disease with exercise, and could give researchers a target for future treatments of non-alcoholic fatty liver disease.

"Even though the liver is not directly involved in exercise, it still undergoes changes that could improve health. No one speculated that we'd see these acetylation and phosphorylation changes in the liver after exercise training," said Jean-Beltran. "This highlights why we deploy all of these different molecular modalities -- exercise is a very complex process, and this is just the tip of the iceberg."

"Two or three generations of research associates matured on this consortium project and learned what it means to carefully design a study and process samples," added Hasmik Keshishian, a senior group leader in Carr's group and co-author of the study. "Now we are seeing the results of our work: biologically insightful findings that are yielding from the high quality data we and others have generated.That's really fulfilling."

Other MoTrPAC papers published today include deeper dives into the response of fat and mitochondria in different tissues to exercise. Additional MoTrPAC studies are underway to study the effects of exercise on young adult and older rats, and the short-term effects of 30-minute bouts of physical activity. The consortium has also begun human studies, and are recruiting about 1,500 individuals of diverse ages, sexes, ancestries, and activity levels for a clinical trial to study the effects of both endurance and resistance exercise in children and adults.
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Nutrient research reveals pathway for treating brain disorders | ScienceDaily
A University of Queensland researcher has found molecular doorways that could be used to help deliver drugs into the brain to treat neurological disorders.


						
Dr Rosemary Cater from UQ's Institute for Molecular Bioscience led a team which discovered that an essential nutrient called choline is transported into the brain by a protein called FLVCR2.

"Choline is a vitamin-like nutrient that is essential for many important functions in the body, particularly for brain development," Dr Cater said.

"We need to consume 400-500 mg of choline per day to support cell regeneration, gene expression regulation, and for sending signals between neurons."

Dr Cater said that until now, little was known about how dietary choline travels past the layer of specialised cells that separates the blood from the brain.

"This blood-brain barrier prevents molecules in the blood that are toxic to the brain from entering," she said.

"The brain still needs to absorb nutrients from the blood, so the barrier contains specialised cellular machines -- called transporters -- that allow specific nutrients such as glucose, omega-3 fatty acids and choline to enter.




"While this barrier is an important line of defence, it presents a challenge for designing drugs to treat neurological disorders."

Dr Cater was able to show that choline sits in a cavity of FLVCR2 as it travels across the blood-brain barrier and is kept in place by a cage of protein residues.

"We used high-powered cryo-electron microscopes to see exactly how choline binds to FLVCR2," she said.

"This is critical information for understanding how to design drugs that mimic choline so that they can be transported by FLVCR2 to reach their site of action within the brain.

"These findings will inform the future design of drugs for diseases such as Alzheimer's and stroke."

The research also highlights the importance of eating choline-rich foods -- such as eggs, vegetables, meat, nuts and beans.

The research is published in Nature and funded by the National Institutes of Health.
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Losing keys and everyday items 'not always sign of poor memory' | ScienceDaily
The mysteries of how memory works are explained in a new book that suggests anyone can boost their powers of recall -- and that losing your keys is normal.


						
Dr Megan Sumeracki and Dr Althea Need Kaminske say storing and retrieving information is far more complex than people think. Extremes of memory such as photographic or savant are also very rare despite their regular portrayal in films.

Their new book The Psychology of Memory outlines simple recollection-boosting techniques to improve learning -- or to help remember names and numbers.

Forgetting is normal

The authors highlight how a degree of forgetting is natural to allow the brain to remember more general information. Memory does not work like a recording device, they say, but 'more like a Wiki page' because details can be edited.

The authors, who are both US-based psychologists, call for greater understanding of how memory really works, as it can have real life impact. For example, they suggest potential jurors should be taught how memory works, as victims of crime may not be believed in court because their memories are patchy even though this is perfectly normal.

Dr Kaminske writes: "Because we are most aware of our memory when we have trouble remembering something, our intuitions about how memory works might be a little biased.




"For example, I (Althea) spend an embarrassing amount of time looking for my phone, water bottle, and keys. You may be unsurprised to learn that our memory systems are not necessarily designed to remember where we put our phones. Or keys. Or water bottles.

"Though we would hazard a guess that if we were in a survival scenario where dehydration was a concern, we would be much more aware of water sources.

"People are better at remembering information when they process it in a fitness-relevant scenario, such as being stranded in the grasslands of a foreign land."

How to improve memory

The Psychology of Memory uses research based on cognitive psychology to increase understanding of all types of memory and their impact. It shows how memory has a huge impact on our lives and can be impaired by alcohol, sleep-deprivation and caffeine.

The book explains the science behind different memory systems and types, such as short and long-term memory, and what they are used for.




The authors debunk myths such as that memory is merely a collection of past events. Instead, they show how it is vital for remembering to perform a task in future.

Strategies can strengthen this type of memory which is known as 'event-based' recall. Dr Sumeracki and Dr Kaminske suggest leaving a purse in the back seat of the car as a cue to remember to remove your child from their car seat before heading into work.

Other memory-boosting techniques can improve long-term knowledge and lead to more efficient learning, according to the authors.

One technique described in the book is 'retrieval practice', the strategy of 'pulling' facts from memory. An example is learning a new colleague's name by deliberately addressing them by it every time you see them.

Chess players remember the location of pieces on the board using schema, a way of organizing new information in the brain. The benefit of schema is it also reduces demands on working memory, and while the authors are not suggesting that it is easy to become a chess champion, anyone can use schema to store and recall complex information.

"Visual and auditory techniques can also help train the memory of normal individuals. The ability to recall the order of cards in a pack seems impressive but can be achieved by creating mental associations for each card," they explain.

"Anyone who has studied knows that regular practice is essential. But to become an expert in a field of learning, people need to employ deliberate practice. The difference is that deliberate practice involves purposeful and deliberate attention whereas regular practice just involves repetition."

Book information:

The Psychology of Memory, by Megan Sumeracki, Althea Need Kaminske (Routledge 2024) ISBN: Paperback: 9781032488639 | Hardback 9781032488646 | eBook 9781003391166 DOI: https://doi.org/10.4324/9781003391166
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Virtual reality environment for teens may offer an accessible, affordable way to reduce stress | ScienceDaily
Social media. The climate crisis. Political polarization. The tumult of a pandemic and online learning. Teens today are dealing with unprecedented stressors, and over the past decade their mental health has been in sustained decline. Levels of anxiety and depression rose after the onset of the COVID-19 pandemic. Compounding the problem is a shortage of mental health providers -- for every 100,000 children in the U.S., there are only 14 child and adolescent psychiatrists.


						
In response to this crisis, University of Washington researchers studied whether virtual reality might help reduce stress for teens and boost mental health. Working with adolescents, the team designed a snowy virtual world with six activities -- such as stacking rocks and painting -- based on practices shown to improve mental health.

In a 3-week study of 44 Seattle teens, researchers found that teens used the technology an average of twice a week without being prompted and reported lower stress levels and improved mood while using it, though their levels of anxiety and depression didn't decline overall.

The researchers published their findings April 22 in the journal JMIR XR and Spatial Computing. The system is not publicly available.

"We know what works to help support teens, but a lot of these techniques are inaccessible because they're locked into counseling, which can be expensive, or the counselors just aren't available," said lead author Elin Bjorling, a UW senior research scientist in the human centered design and engineering department. "So we tried to take some of these evidence-based practices, but put them in a much more engaging environment, like VR, so the teens might want to do them on their own."

The world of Relaxation Environment for Stress in Teens, or RESeT, came from conversations the researchers had with groups of teens over two years at Seattle Public Library sites. From these discussions, the team built RESeT as an open winter world with a forest that users could explore by swinging their arms (a behavior known to boost mood) to move their avatar. A signpost with six arrows on it sent users to different activities, each based on methods shown to improve mental health, such as dialectical behavior therapy and mindfulness-based stress reduction.

In one exercise, "Riverboat," users put negative words in paper boats and send them down a river. Another, "Rabbit Hole," has players stand by a stump; the longer they're still, the more rabbits appear.




"In the co-design process, we learned some teens were really afraid of squirrels, which I wouldn't have thought of," Bjorling said. "So we removed all the squirrels. I still have a Post-It in my office that says 'delete squirrels.' But all ages and genders loved rabbits, so we designed Rabbit Hole, where the reward for being calm and paying attention is a lot of rabbits surrounding you."

To test the potential effects of RESeT on teens' mental health, the team enrolled 44 teens between ages 14 and 18 in the study. Each teen was given a Meta Quest 2 headset and asked to use RESeT three to five times a week. Because the researchers were trying to see if teens would use RESeT regularly on their own, they did not give prompts or incentives to use the headsets after the start of the study. Teens were asked to complete surveys gauging their stress and mood before and after each session.

On average, the teens used RESeT twice a week for 11.5 minutes at a time. Overall, they reported feeling significantly less stressed while using RESeT, and also reported smaller improvements in mood. They said they liked using the headset in general. However, the study found no significant effects on anxiety and depression.

"Reduced stress and improved mood are our key findings and exactly what we hoped for," said co-author Jennifer Sonney, an associate professor in the UW School of Nursing who works with children and families. "We didn't have a big enough participant group or a design to study long-term health impacts, but we have promising signals that teens liked using RESeT and could administer it themselves, so we absolutely want to move the project forward."

The researchers aim to conduct a larger, longer-term study with a control group to see if a VR system could impart lasting effects on mood and stress. They're also interested in incorporating artificial intelligence to personalize the VR experience and in exploring offering VR headsets in schools or libraries to improve community access.

Additional co-authors were Himanshu Zade, a UW lecturer and researcher at Microsoft; Sofia Rodriguez, a senior manager at Electronic Arts who completed this research as a UW master's student in human centered design and engineering; Michael D. Pullmann, a research professor in psychiatry and behavioral sciences at the UW School of Medicine; and Soo Hyun Moon, a senior product designer at Statsig who completed this research as a UW master's student in human centered design and engineering. This research was funded by the National Institute of Mental Health through the UW ALACRITY Center, which supports UW research on mental health.
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Clogged arteries worsened by cells that behave like cancer cells | ScienceDaily
-Columbia University researchers have found cells inside clogged arteries share similarities with cancer and aggravate atherosclerosis, raising the possibility that anticancer drugs could be used to treat atherosclerosis and prevent heart attacks.


						
Their study found that smooth muscle cells that normally line the inside of our arteries migrate into atherosclerotic plaques, change their cell identity, activate cancer genes, and proliferate inside the plaques.

"Our study shows that these transformed muscle cells are driving atherosclerosis, opening the door to new ways to treat the disease, potentially with existing cancer drugs," says Muredach Reilly, MD, the Florence and Herbert Irving Endowed Professor of Medicine at Columbia University Vagelos College of Physicians and Surgeons and director of Columbia's Irving Institute for Clinical and Translational Research.

The study, published April 30 in Circulation, was led by Reilly and Huize Pan, now an assistant professor of medicine at Vanderbilt University Medical Center, who conducted the research when he was an associate research scientist at Columbia.

DNA damage, hyperproliferation

Atherosclerosis is the major cause of heart attacks and stroke around the world and occurs when fat deposits build up inside the arteries. Atherosclerosis can be reduced with a healthy diet or drugs called statins that slow or reverse the buildup of deposits.

Previous studies had found that smooth muscle cells metamorphose into different types of cells inside these atherosclerotic plaques and multiply to make up most cells within the plaques.




Yet until now, few studies had examined the cancer-like properties of the cells and if these changes contributed to atherosclerosis. To learn more, Reilly and Pan closely tracked the development of transformed smooth muscle cells in mice with atherosclerosis and sampled plaques of people with atherosclerosis.

They found striking parallels between changes in the smooth muscle cells and tumor cells, including hyperproliferation, resistance to cell death, and invasiveness.

DNA damage, another hallmark of cancer, accumulated in the mouse and human smooth muscle cells and appears to accelerate atherosclerosis, the researchers found. The researchers could further accelerate atherosclerosis in mice by introducing a genetic mutation that increased DNA damage within the smooth muscle cells. Vascular tissue from healthy mice and people had no signs of smooth muscle cells with the DNA damage found in atherosclerotic plaques.

Reilly adds that they found no evidence of metastasis. "The cells stay inside existing plaques, which makes us think that they behave mostly like benign tumor cells, but more work needs to be done in humans and animal models to address this hypothesis," he says.

Treating atherosclerosis like cancer

If atherosclerosis is driven by cancer-like cells, anticancer therapies may be a potential new way to treat or prevent the disease.




The researchers explored that idea by treating atherosclerotic mice with a common cancer drug, niraparib, that targets cells with DNA damage. The drug significantly decreased the size of the atherosclerotic plaques and improved plaque stability (stable plaques reduce the odds of having a heart attack).

"This suggests that cancer drugs like niraparib could both prevent the buildup of plaques and treat atherosclerosis once its established," Reilly says. "But it's important to note that the experiment with niraparib was proof of a principle and does not directly translate to clinical use."

Other cancer drugs may also have benefits. "We need more work to select the best targets, safest targeted therapies, and vascular delivery strategies," Reilly says. "And we need to determine if different people have different types of DNA damage and mutations that drive the disease, and, if so, we can use that information to develop personalized therapies to treat atherosclerosis," Reilly says.

"Statins are very effective in many people at reducing atherosclerosis and preventing hearts attacks, but some people still have substantial cardiovascular risk. We think more research into the cancer-like properties of atherosclerosis will lead to new treatment options for these patients."
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Life expectancy in two disadvantaged areas higher than expected | ScienceDaily
Better than expected life expectancy in two disadvantaged areas in England is probably due to population change according to local residents and professionals.


						
In the UK, people from the most disadvantaged areas can expect to die nine years earlier compared with people from the least disadvantaged areas while people in the north of England have lower life expectancy, higher infant mortality and worse health and wellbeing compared with national averages.

The study, funded by the NIHR School for Public Health Research, was a collaboration between Lancaster University, the London School of Hygiene and Tropical Medicine, the University of Liverpool and Northumbria University.

Researchers examined trends in life expectancy (LE) following the introduction of austerity policies in 2010, when gains in LE generally stalled.

They selected two case studies -- a rural local authority area in the Northwest and an urban local authority area in the South-East of England. Both are in the bottom third of the most disadvantaged areas, with life expectancy below the average of 79.6 for men and 83.2 for women in England.

Changes in LE at birth and at 65 years, between 2010-12 and 2015-17, were identified based on data supplied by Public Health England and the Office for National Statistics.

Both the NW and SE Areas showed greater gains than expected given levels of social and economic disadvantage. Male LE increased by between 1 and 2 years at birth and 0.6 to 1.4 at 65 while female LE rose by between 0.6-1.6 at birth and 0.4 to 1 year at age 65.




Participants interviewed for the study from both areas described population changes as factors. Local action, such as working in partnership and targeting services in areas of need may have contributed to mitigating the worst effects of austerity.

In the NW Area, some thought young families moving into the area were taking advantage of lower house prices and rental costs compared with more expensive areas near the urban centre.

One local authority officer said: "I'd heard about the in-migration of people, from probably from [large city]. And the rental costs for housing in [the town] have gone up according to Rightmove. I think it was in the very recent past, so I do wonder when we look at this question as to whether there might have been an influx of middle-class folks who are escaping the city."

There were new housing developments and also a suggestion that town centre improvements may have contributed to the area becoming a more attractive place to live for people moving out of the city. While house prices and rental costs were lower compared with surrounding areas, they were rising significantly, which may have implications for the existing population.

One resident from the NW Area said: "It makes it more difficult for people locally, doesn't it? Because you know, if they're already struggling too. If they don't have a car, ... if they don't have access to things, that makes it so much more difficult."

Whereas in the SE area, there was a perception that young professionals with highly paid jobs were re-locating, against the backdrop of an existing transient and diverse population.




As one health professional said: "The industry has changed; it used to be a car town where [large car manufacturer] was based and there were lots of middle-aged men working in factories. There's now much less of that and there's a sort of tech industry so they've brought in a younger population. In terms of linking to health issues I think it's much more the population migration sort of background that has an impact."

Lead author Dr Rebecca Mead is a Research Fellow from the NIHR School for Public Health Research (SPHR) Health Inequalities Programme from Lancaster University.

She said: "Population changes and austerity, were perceived as more important to stakeholders than what was happening within an area, including local strategies and action. These perceived population changes may have been influenced by policy decisions affecting wider determinants of health'; town centre renewal programmes attracting young families in NW, and improved rail links with the major city attracting young professionals in SW. Inward migration positively affecting health outcomes and LE does not suggest these areas are health resilient.

"Stakeholders within areas of disadvantage might use this knowledge to consider the unintended consequences on existing populations of policies designed to attract more affluent people to their neighbourhoods. For example, increasing house prices and rental costs pushing existing populations out of neighbourhoods.

Professor of Public Health Matt Egan from the London School of Hygiene and Tropical Medicine said: "Our local authorities have the difficult job of trying to improve population health -- but they don't all operate in a level playing field. Some have relatively bigger issues to address and less resources to do it with. Our findings suggest that while those trying to improve the health of those in need try lots of different approaches, they assume their success is likely to be determined by external factors such as local population change and austerity."
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Calcium can protect potato plants from bacterial wilt | ScienceDaily
Scientists have discovered that calcium plays a significant role in enhancing the resistance of potato plants to bacterial wilt. This disease causes worldwide losses of potatoes costing $19 billion per year. The findings open up new avenues for integrated disease management strategies, including the potential for calcium amendments to soil as a part of a comprehensive approach to controlling bacterial wilt in potatoes. The study is published in Applied and Environmental Microbiology, a journal of the American Society for Microbiology.


						
Ralstonia solanacearum species complex (RSSC) is a phytopathogenic bacterial group that causes bacterial wilt in several crops. "Our research team has been dedicated to studying the Ralstonia solancearum-potato pathosystem for years, with a primary focus on developing potato varieties with resistance to bacterial wilt," said corresponding study author Maria Ines Siri, Ph.D., from the Department of Biosciences, University of the Republic, in Montevideo, Uruguay. Pathosystems like this one are subsystems of ecosystems that specifically are defined by parasitism, where the parasite is any species that spends a significant part of its lifespan inhabiting and getting nutrients from a host. Siri said that until now, the relationship between the potato plant ionome (mineral and trace elements composition) and resistance levels to RSSC has not been addressed.

In the new study, the researchers initiated their investigation using potato plant genotypes with contrasting levels of resistance to bacterial wilt. This approach allowed the researchers to examine how different levels of natural resistance within the plants could be linked to their mineral compositions. The researchers assessed the mineral content in various parts of the potato plants, such as the xylem sap, roots, stems and leaves, focusing on the relationship between these minerals, particularly calcium, and the plants' resistance to bacterial wilt.

Following this mineral assessment, the scientists explored the impact of calcium on several aspects related to the virulence of the pathogen, including its growth rate, ability to form biofilms and motility. Furthermore, they evaluated calcium's effect on enhancing plant resistance through controlled inoculation trials, providing a comprehensive view of how calcium supplementation could potentially bolster the potato plant's defense mechanisms against bacterial wilt.

The team discovered a positive relationship between the concentrations of calcium and the resistance levels of potato genotypes to bacterial wilt. They also found that calcium supplementation to the potato was able to significantly reduce the growth rate of the pathogen causing the wilt and negatively affect the pathogen's ability to form biofilms and move, which are crucial for its virulence and ability to cause disease.

"There are several exciting directions for future research stemming from our findings," Siri said. "We plan to delve deeper into understanding how calcium affects the pathosystem at the transcriptomic level, including plant defense mechanisms and the pathogen's virulence. We also aim to explore the plant microbiome's role in resistance and develop practical field management strategies that incorporate calcium fertilization."

The study is the first to utilize microfluidic chambers to monitor pathogen growth and biofilm formation under conditions mimicking the plant's vascular system, said Siri. This innovative approach has provided valuable insights into how calcium supplementation can impede the pathogen's ability to form biofilms, a key factor in its virulence. "Additionally, this methodological advance is not just limited to our current study, but also holds promise for future research on this important vascular pathogen," Siri said. "By offering a new tool for detailed observation and analysis, our approach could be leveraged in further studies to unravel the complexities of plant-pathogen interactions and to explore novel disease management strategies."
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Earth-like environment likely on ancient Mars | ScienceDaily
A research team using the ChemCam instrument onboard NASA's Curiosity rover discovered higher-than-usual amounts of manganese in lakebed rocks within Gale Crater on Mars, which indicates that the sediments were formed in a river, delta, or near the shoreline of an ancient lake. The results were published today in Journal of Geophysical Research: Planets.


						
"It is difficult for manganese oxide to form on the surface of Mars, so we didn't expect to find it in such high concentrations in a shoreline deposit," said Patrick Gasda, of Los Alamos National Laboratory's Space Science and Applications group and lead author on the study. "On Earth, these types of deposits happen all the time because of the high oxygen in our atmosphere produced by photosynthetic life, and from microbes that help catalyze those manganese oxidation reactions.

"On Mars, we don't have evidence for life, and the mechanism to produce oxygen in Mars's ancient atmosphere is unclear, so how the manganese oxide was formed and concentrated here is really puzzling. These findings point to larger processes occurring in the Martian atmosphere or surface water and shows that more work needs to be done to understand oxidation on Mars," Gasda added.

ChemCam, which was developed at Los Alamos and CNES (the French space agency), uses a laser to form a plasma on the surface of a rock, and collects that light in order to quantify elemental composition in rocks.

The sedimentary rocks explored by the rover are a mix of sands, silts, and muds. The sandy rocks are more porous, and groundwater can more easily pass through sands compared to the muds that make up most of the lakebed rocks in the Gale Crater. The research team looked at how manganese could have been enriched in these sands -- for example, by percolation of groundwater through the sands on the shore of a lake or mouth of a delta -- and what oxidant could be responsible for the precipitation of manganese in the rocks.

On Earth, manganese becomes enriched because of oxygen in the atmosphere, and this process is often sped up by the presence of microbes. Microbes on Earth can use the many oxidation states of manganese as energy for metabolism; if life was present on ancient Mars, the increased amounts of manganese in these rocks along the lake shore would have been a helpful energy source for life.

"The Gale lake environment, as revealed by these ancient rocks, gives us a window into a habitable environment that looks surprisingly similar to places on Earth today," said Nina Lanza, principal investigator for the ChemCam instrument. "Manganese minerals are common in the shallow, oxic waters found on lake shores on Earth, and it's remarkable to find such recognizable features on ancient Mars."
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Women are 40% more likely to experience depression during the perimenopause | ScienceDaily
Women are 40% more likely to experience depression in the perimenopause than those who aren't experiencing any menopausal symptoms, finds a new study led by UCL researchers.


						
The research, published in the Journal of Affective Disorders, provided a meta-analysis of seven studies involving 9,141 women from across the world (including Australia, USA, China, Netherlands and Switzerland), to understand whether different stages of the menopause were associated with different risk of depression.

The perimenopause usually occurs around three to five years before the onset of menopause. During this stage women's oestrogen and progesterone levels begin to fluctuate, causing them to experience mood changes, irregular menstrual cycles and other menopausal symptoms, including increased feelings of depression.

This stage of the menopause continues until one year after a woman's last period and can often last for between four and eight years in total.

The researchers found that perimenopausal women had a significantly higher risk (around 40%) of experiencing depressive symptoms and being diagnosed with depression compared to premenopausal women.

There was no significant increase in depression risk for post-menopausal women compared to those who were premenopausal.

Symptoms were measured using standardised, internationally recognised self-report instruments, including the Patient Health Questionnaire PHQ-9 (which considers factors such as a lack of interest in doing things, issues with sleep, and feelings of low mood).




Senior author Dr Roopal Desai (UCL Psychology & Language Sciences) said: "This study shows that women in the perimenopausal stage are significantly more likely to experience depression than either before or after this stage.

"Our findings emphasise the importance of acknowledging that women in this life-stage are more vulnerable to experiencing depression. It also underlines the need to provide support and screening for women to help address their mental health needs effectively."

The new study comes shortly after the researchers' previous publication*, which found that therapy -- such as mindfulness and cognitive behavioural therapy -- could be an effective form of treatment for non-physical symptoms of the menopause.

Corresponding author, Professor Aimee Spector (UCL Psychology & Language Sciences), said: "Women spend years of their lives dealing with menopausal symptoms that can have a huge impact on their wellbeing and quality of life.

"Our findings show just how significantly the mental health of perimenopausal women can suffer during this time. We need greater awareness and support to ensure they receive appropriate help and care both medically, in the workplace and at home."

Lead author and UCL Masters student, Yasmeen Badawy (UCL Psychology & Language Sciences) said: "Combining data from global studies indicates that these findings cannot be attributed to cultural factors or lifestyle changes alone which have been sometimes used to explain the depressive symptoms that women experience during perimenopause."
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Every breath you take: Study models the journey of inhaled plastic particle pollution | ScienceDaily
With recent studies having established the presence of nano and microplastic particles in the respiratory systems of both human and bird populations, a new University of Technology Sydney (UTS) study has modelled what happens when people breathe in different kinds of plastic particles and where they end up.


						
Led by Senior Lecturer of Mechanical Engineering Dr Suvash Saha, the UTS research team has used computational fluid-particle dynamics (CFPD) to study the transfer and deposition of particles of different sizes and shapes depending on the rate of breathing.

The results of the modelling, published in the journal Environmental Advances, have pinpointed hotspots in the human respiratory system where plastic particles can accumulate, from the nasal cavity and larynx and into the lungs.

Dr Saha said evidence was mounting on the significant impact of nano and microplastics on respiratory health and the UTS study would provide essential insights for the development of targeted strategies to mitigate potential risks and ensure effective health interventions.

"Experimental evidence has strongly suggested that these plastic particles amplify human susceptibility to a spectrum of lung disorders, including chronic obstructive pulmonary disease, fibrosis, dyspnea (shortness of breath), asthma, and the formation of what are called frosted glass nodules," Dr Saha said.

"Plastic particle air pollution is now pervasive and inhalation ranks as the second most likely pathway for human exposure.

"The primary types are intentionally manufactured, including a wide array of cosmetics and personal care products such as toothpaste.




"The secondary ones are fragments derived from the degradation of larger plastic products, such as water bottles, food containers and clothes.

"Extensive investigations have identified synthetic textiles as a principal source of indoor airborne plastic particles, while the outdoor environment presents a multitude of sources encompassing contaminated aerosols from the ocean to particles originating from wastewater treatment."

Dr Saha said the UTS team's modelling found that breathing rate along with particle size and shape determined where in the respiratory system plastic particles would be deposited.

"Faster breathing rates led to heightened deposition in the upper respiratory tract, particularly for larger microplastics, whereas slower breathing facilitated deeper penetration and deposition of smaller nanoplastic particles," he said.

"Particle shape was another factor, with non-spherical microplastic particles showing a propensity for deeper lung penetration compared to spherical microplastics and nanoplastics, potentially leading to different health outcomes.

"These findings highlight the imperative consideration of breathing rates and particle sizes in health risk assessments associated with respiratory exposure to nano and microplastic particles."
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One-two punch treatment delivers blood cancer knockout | ScienceDaily
A novel combination of two cancer drugs has shown great potential as a future treatment for patients with acute myeloid leukaemia (AML), one of the most common types of blood cancers.


						
A new study by WEHI researchers has revealed the combination of two existing drugs eradicated AML cancer cells in lab-based tests.

The discovery, published in Cancer Cell, could soon lead to clinical trials, providing hope for the 1100 Australians diagnosed with AML annually.

At a glance
    	WEHI researchers have for the first time tested a dual drug combination against AML, which proved highly effective in killing cancer cells in lab-based tests.
    	The researchers treated cancer cells with a combination of venetoclax, a current standard-of-care drug for AML, and a STING agonist, an emerging class of immunotherapy drugs.
    	This drug combination was notably successful against the more aggressive and difficult to treat forms of AML. This discovery may also change the way STING agonist drugs are used to treat other cancers.

Stimulating the 'cell death enforcer' 

The WEHI research team paired venetoclax, a current standard-of-care anti-cancer drug for AML, with a STING agonist, an emerging class of immunotherapy drugs. Venetoclax was based on a landmark research discovery at WEHI.

Study co-first author Dr Sarah Diepstraten said the team examined a range of different blood cancers, including cancer samples from patients with AML and treated them in the lab with the drug combination, leading to striking results.




"It's really impressive -- combining venetoclax with this emerging immunotherapy treatment can actually eradicate AML," said Dr Diepstraten.

"This is the one-two punch combo that could be the knockout blow for AML. You could almost paraphrase the famous boxer Muhammed Ali and say this treatment floats like a butterfly, and STINGs like a bee."

Critically, the combination treatment showed high promise in AML samples that were driven by a mutated p53 protein, a type of AML that is generally more aggressive and harder to treat.

The p53 protein plays a critical role in our bodies. When it is working effectively, it prevents the formation of cancerous cells by enforcing the death, or arresting the growth, of cells that have become damaged or abnormal.

But when the p53 protein is mutated and becomes defective in groups of cells, it can significantly boost a person's risk of developing cancer.

Mutations of p53 are thought to be the biggest driver of cancer development and are found in half of all human cancers around the globe.




As cancers associated with p53 mutations tend to be more aggressive and resistant to treatment, there is a critical need for better therapies.

"For AML patients that do not have as much therapy-induced death of their leukaemia cells due to this mutated protein, combining venetoclax with a STING agonist causes more killing of AML cells than treating with venetoclax alone," said Dr Diepstraten.

"The treatment was highly effective at killing cancer cells in samples with and without the p53 mutation, which is exciting given the lack of effective treatments for aggressive cancers driven by mutations in p53.

"We want to see more and more patients getting into long-term remission from blood cancers like AML, and we think adding STING agonists to the treatment regimen could be the key."

A STING in the cancer tale

The study marks the first time that a STING agonist has been used to directly target mechanisms within the cancer cells themselves, stimulating the natural processes that cause these cells to die.

To date, the STING agonist immunotherapy drugs have been chiefly used to attack solid tumours by activating the body's immune response.

The new research builds our understanding of how STING agonists work and indicates for the first time that they could be successful in ways that had not been previously anticipated: against blood cancers, and by directly targeting the cancer cells intrinsically.

Associate Professor Gemma Kelly, co-senior author on the study, said that both venetoclax and the STING agonists played complementary roles in killing cancer at the cellular level.

"Within a cancer cell, venetoclax blocks the machinery of the cell that is keeping it alive. In certain blood cancers where this response is sub-optimal, STING agonists can supercharge this effect to deliver cancer a deathly blow," Assoc Prof Kelly, a laboratory head in WEHI's Blood Cells and Blood Cancer division, said.

"It is these two drugs, working in tandem, that led to the highly effective killing of AML cancer cells in our lab-based tests, in results that were truly striking."

WEHI lab head Professor Andrew Wei, co-senior author on the study, said that while further research was needed, the findings were highly promising.

"While early clinical trials in solid cancers have suggested STING agonists are well tolerated in the body, these results offer exciting new hope for patients with the most resistant forms of leukaemia," said Prof Wei.

"Given STING agonists are currently in clinical trials, we hope to conduct human studies using STING agonists in combination with venetoclax in the near future.

"The research findings are important, as they will inspire a completely new clinical approach for patients affected by the most resistant and deadly forms of acute leukaemia."

WEHI researchers and clinicians are now translating these highly promising findings into a new clinical trial in AML patients in collaboration with Melbourne-based Aculeus Therapeutics, a local biotechnology company with a proprietary STING agonist.

Dr Mark Devlin, CEO of Aculeus Therapeutics, which has spent the last several years developing a potent STING agonist, couldn't be more excited about the potential for the recent WEHI discovery.

"Drug discovery and development is the ultimate scientific team sport," he said.

"Aculeus has developed a promising new drug but the collaboration with the WEHI teams, that have a deep understanding of the disease biology and the clinical landscape, will help shape how that drug will be used most effectively."

Aculeus' STING agonist, ACU-0943, is expected to enter clinical development for the treatment of AML later this year.
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Revised dating of the Liujiang skeleton renews understanding of human occupation of China | ScienceDaily

Tongtianyan cave, located in the Liujiang District of Liuzhou City, Southern China, has been a focal point of this research, housing one of the most significant fossil finds of Homo sapiens. However, the age of the fossils found within has been a matter of debate -- until now.

In a new international study in Nature Communications, with contributions by Griffith University, researchers have provided new age estimates and revised provenance information for the Liujiang human fossils, shedding light on the presence of Homo sapiens in the region.

Using advanced dating techniques including U-series dating on human fossils, and radiocarbon and optically stimulated luminescence dating on fossil-bearing sediments, the study revealed new ages ranging from approximately 33,000 to 23,000 years ago. Previously, studies had reported ages of up to 227,000 years of age for the skeleton.

"These revised age estimates align with dates from other human fossils in northern China, suggesting a geographically widespread presence of H. sapiens across Eastern Asia after 40,000 years ago," said Professor Michael Petraglia, study co-author and Director of Griffith's Australian Research Centre for Human Evolution.

Dr Junyi Ge, of the Chinese Academy of Sciences, and lead author of the study, said: "This finding holds significant implications for understanding human dispersals and adaptations in the region. It challenges previous interpretations and provides insights into the occupation history of China."

The Liujiang skeletal remains, discovered in 1958, have long been considered among the most significant human fossils from Eastern Asia.

With their excellent preservation, the cranial, dental, and postcranial remains have been the subjects of extensive biological and morphological comparisons across Eurasia.

Dr Qingfeng Shao, of the Nanjing Normal University added: "The findings of this study overturn earlier age estimates and palaeoanthropological interpretations, emphasising the need for robust dating methods and proper provenance documentation in the study of human evolution."

The study's comprehensive dating analyses highlights the importance of accurate age estimates in advancing our understanding of modern human origins and dispersals.
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Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows | ScienceDaily
The body clock has a significant impact on the performance of NBA players, according to study published in the peer-reviewed journal Chronobiology International.


						
The authors say their findings, from more than 25,000 matches, show elite basketball coaches and teams should consider the physical and mental effects of time zone travel when planning games and preparing for games.

A first of its kind, the research is based on the achievements at home and away of NBA (National Basketball Association) league players across 21 consecutive seasons. Considered the most competitive in the world, NBA athletes frequently travel to matches across the five US time zones used by NBA teams.

The findings show that there is a near 10% better win ratio difference for home teams from the western time zone area (PDT) when playing against a team from the eastern EDT time zone, compared to when an EDT team hosts a PDT team.
    	When PDT teams play at home against EDT teams the winning percentage is 63.5%.
    	When EDT teams host a PDT team, the winning percentage drops to 55.0%.

In addition, the findings also show that teams win more home games when players' sleep-wake cycles -- linked to their circadian rhythm (CR) -- are 'ahead' of the local time. This is after they have returned west from competing in a city further east where the local time is earlier.

For example, if the LA Lakers play an away match at Miami (EDT) and then return to Los Angeles (PDT) to play a home game without much CR adaptation time (CR is ahead of the local time), the Lakers play the next home game with a CR advantage against whomever their opponents are.

Teams do not have the same success when players' internal body clocks are either behind or synchronized with the local time where their home arena or stadium is based, according to the results.




Experts from Dokuz Eylul University and Yildiz Technical University, in Turkey, led the study. Dr Firat Ozdalyan, a Sport Physiology expert from Dokuz Eylul, explains that they found NBA teams need to become used to the local time when they play away games to perform well.

"One of the most important results of this research for the home games of the NBA teams is that while traveling to the west increases the performance, traveling to the east decreases the performance," he states.

"Another notable finding is that the success of NBA teams increases when they are fully adapted to the local time for away games.

"Home teams who will be exposed to such a CR phase shift (traveling from west to east) should be mindful of these potential performance detriments when constructing game plans.

"It can be suggested that coaches (of away teams) should bear this (the low shooting success) in mind during the game preparation period."

A circadian rhythm (CR) is the body's sleep-wake pattern over a 24-hour day. A CR phase shift means bedtime and wake-up times move earlier or later in the day.




This means the body clock gets out of sync with the environment which can lead to sleeplessness, daytime tiredness and other issues. The body clock needs 24 hours to adapt for every one-hour time zone change.

The study investigated the effect of a CR shift on the performance of professional NBA athletes.

Data was analyzed from 25,016 regular games across 21 consecutive seasons between 2000 to 2021. Information included the date, location, game result and home or away team. Time zones of the cities where all games were played were identified to calculate the CR phase shifts of the teams.

The expert team say teams in the Pacific time zone may have an advantage in regular season home games such as the Los Angeles Lakers, Portland Trail Blazers, and Seattle Supersonics.

Anaerobic performance could explain why home teams who travel from east to west do better, say the authors. This type of activity which is crucial for scoring, defending and other feats peaks later in the day.

The authors add that the body clock adapts more easily to a long rather than a short day. The day becomes longer traveling east to west and a natural circadian rhythm is slightly longer than 24 hours. So this means basketball players are traveling in the direction their bodies want to go.

As for away teams, the authors say that travel fatigue is more likely to blame for poor performance than phase shifts in CR.

Players who have rest time between games or have not traveled across time zones for an away match are more able to synchronize their body with the local time. As such, they are not as tired and play better.

A limitation of this research is that the traveling schedules of the teams are not known. Since this information was not available, it was not possible to determine how long the teams stayed in which city/time zone; how much they adapted to the local UTC; and what extent they were exposed to a CR phase shift with real data. Therefore, the team used a predictive model for the traveling plans and CR adaptations of the teams by following the rules determined by previous research.

Another limitation is that the games were not separated according to teams' ability differences.
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New Japanese lily species identified, 1st addition to sukashiyuri group in 110 years | ScienceDaily
A new species of the Japanese lily known as sukashiyuri has been identified for the first time since 1914 by a research team led by Dr. Seita Watanabe, a specially appointed assistant professor at the Botanical Gardens and the Graduate School of Science at Osaka Metropolitan University.


						
Dr. Watanabe questioned the classification used up to now for sukashiyuri group, which usually has orange flowers. These lilies have high ornamental value, having been exported from Japan for more than two centuries. There have been only four taxonomic groups, but Dr. Watanabe and his team sought evidence to prove that there were more.

Traveling across Japan to observe the lilies, record images, gather specimens, and obtain DNA from plant materials, the research team members conducted a detailed analysis of the form and structure of the plants and their DNA. The results of their extensive work revises the conventional classification into eight taxons, including what they have named Lilium pacificum, the first new species of Japanese lily in 110 years.

Lilium pacificum grows on coastal areas facing the Pacific Ocean on Honshu from Ibaraki Prefecture south to Shizuoka Prefecture and the Izu Islands.

"It has an interesting characteristic: the tips of its leaves are curved into a claw-like shape," Dr. Watanabe enthused. "Based on the new understanding of these eight taxonomic groups, we found that seven are endemic to Japan, each adapted to its environment, whether coastal or mountainous, and evolving unique traits."

Dr. Watanabe added: "Our research shows that these plants have differentiated through complex processes, and we hope that our work will provide clues for speciation studies. In the past, individual differences may have been overlooked because of the apparent simplicity of the plants. Through this research, I was reminded of the importance of morphological observation."
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Discovery of an atypical heat shock factor, HSF5, involved in meiotic mechanisms: Implications for male infertility | ScienceDaily
Kumamoto University researchers have identified a novel Heat Shock Factor (HSF), designated as HSF5, which plays a crucial role in the completion of meiosis and the activation of genes essential for sperm formation. This discovery provides valuable insights into underlying causes of spermatogenic failure, the major contributor to male infertility. Furthermore, unlike other typical Heat Shock Factors, which primarily regulate gene expression in response to stress, such as heat shock, HSF5 plays a specific role in male germ production during meiosis under non-stress conditions.


						
In eukaryotic cell division, genomic information is equally distributed to daughter cells during mitosis, whereas it is halved during a specialized type of cell division called meiosis?which is necessary for germ cell production. In male germ cell, sperm formation follows the completion of meiosis, with multiple gene regulatory programs. However, the mechanisms governing meiotic progression and the specific transcription factors involved remain poorly understood, posing significant challenges in reproductive medicine, particularly concerning male infertility. To address these gaps, Professor Kei-ichiro Ishiguro, Assistant Professor Ryuki Shimada, and their research team aim to clarify the mechanisms regulating male meiosis that lead to sperm production, focusing on the identification and characterizing related transcription factors.

In the previous study, the team identified a meiosis switch gene MEIOSIN, which activates the expression of hundreds of genes involved in sperm formation (Ishiguro et al., Dev Cell 2020). Among these genes, Heat Shock Factor emerged as a focus of interest testes due to the testes' sensitivity to heat stress, given their external positioning, which maintains a temperature 3-4 degrees Celsius lower than the body's internal temperature of 37 degrees Celsius. Although the main roles of Heat Shock Factors such as HSF1, HSF2, HSF3, and HSF4 have been well identified, the function of HSF5 remains unclear. "Whether HSF5 shares similar functions with other Heat Shock Factors, or exhibits entirely different functions poses an intriguing question, and addressing this question was the original intension our study." explains Professor Ishiguro.

Surprisingly, different from other HSFs responding to stress, the study showed that HSF5 plays an essential role in the meiotic prophase progression in male germ cells under non-stress conditions. HSF5 is required for progression beyond the pachytene stage during spermatogenesis, guiding the meiotic program towards completion and activating genes associated with sperm formation.

Just like other transcription factors, HSF5 binds to DNA promoters to regulate gene expression. What distinguishes HSF5 is its unique target specificity. The research revealed that the DNA motif it recognizes for binding to gene promoter, differs from those bound by other canonical HSF family transcription factors.

All these findings underscore HSF5's atypical role in gene expression during meiotic prophase in males.

The results of this study were validated through experimentation on mice, with a crucial recognition that HSF5 is also present in humans. Given that many underlying causes of infertility in humans, especially in cases of spermatogenic failure, remain elusive, the findings of this study are anticipated to contribute significantly to understanding the pathogenesis of male infertility.
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A blood test for stroke risk? Biomarker for risk of future cerebrovascular disease | ScienceDaily
A simple blood test could allow doctors to determine whether a person may be at higher risk for stroke or cognitive decline during their lifetime, according to a new UCLA Health study.


						
The study, published in the journal Stroke, found that measuring concentrations of a network of inflammatory molecules in the blood could allow doctors to calculate a risk score for susceptibility for cerebral small vessel disease -- a common cause of stroke and a contributor to cognitive decline found especially among the elderly.

Currently, the only way to determine a person's risk for cerebral vascular diseases has been to use a combination of imaging such as an MRI scan, family history, demographic variables and other risk factor evaluations, said study lead author Dr. Jason Hinman of the UCLA Comprehensive Stroke and Center and the Mary S. Easton Center for Alzheimer's Research and Care at UCLA. In clinical practice, neurologists may only find a patient is at risk after they have had a stroke or a cerebral event that warns of one, Hinman said.

The new study found that by measuring the concentrations of this network of inflammatory molecules in the blood of patients who have not had a cerebrovascular event, medical providers may be able to quantitatively assess a person's risk for cerebral small vessel disease and future stroke.

"The same way one uses cholesterol tests to evaluate one's future risk for heart attack, we don't have such a thing to estimate future risk for stroke," Hinman said. "I believe we can do that by something as simple as a blood test which in theory can enable broader access to the best level of care and not lock it behind advanced imaging studies and specialist evaluations."

The study focused on a biologically-connected network of inflammatory molecules known as the interleukin-18, or IL-18, network, which includes proteins and signaling molecules used to fight various infections.

Past studies have linked individual molecules in the IL-18 network to cerebral small vessel disease and stroke risk. However, the concentration of these individual molecules can fluctuate in response to other ailments such as the flu or autoimmune disorders, making them unreliable predictors of stroke risk at an individual level, Hinman said.




In 2020, University of California researchers including Hinman found that six molecules in the IL-18 network were associated with the presence of vascular brain injuries during MRI scans.

Building off these findings, Hinman sought to determine in this latest publication whether IL-18 network could be used to assess a person's susceptibility to stroke risk or cognitive decline.

To test this, the researchers used health data from a generations-long study known as the Framingham Heart Study. This study has tracked the medical history of thousands of residents in the city of Framingham, Massachusetts, throughout their lives since launching in 1948. Blood samples taken from participants had been tested for five of the six molecules later identified as being in the IL-18 network.

By using the blood samples and medical histories of the Framingham participants, Hinman and his coauthor were able to create a mathematical model that generates a risk score based on the concentrations of the IL-18 network molecules. Of the more than 2,200 Framingham residents included in Hinman's study, those whose risk scores were in the top 25% had an 84% chance of having a stroke during their lifetime. Overall, elevated risk scores were associated with a 51% increased risk of stroke and resulted in diagnostic prediction compared to existing risk assessment tools.

What remains unclear and requires further study is how or if a person's risk score can be modified or reduced, Hinman said.

"The real challenge is in the primary care space. Are you at risk before you have an event?" Hinman said. "That's what we're all interested in doing is preventing a stroke before it even happens."
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Brief anger may impair blood vessel function | ScienceDaily
A brief episode of anger triggered by remembering past experiences may negatively impact the blood vessels' ability to relax, which is essential for proper blood flow, according to new research published today in the Journal of the American Heart Association, an open access, peer-reviewed journal of the American Heart Association.


						
Previous research has found that impairment of blood vessels' ability to relax may increase the risk of developing atherosclerosis, which may, in turn, increase the risk of heart disease and stroke.

"Impaired vascular function is linked to an increased risk of heart attack and stroke," said lead study author Daichi Shimbo, M.D., a professor of medicine at the Columbia University Irving Medical Center in New York City. "Observational studies have linked feelings of negative emotions with having a heart attack or other cardiovascular disease events. The most common negative emotion studied is anger, and there are fewer studies on anxiety and sadness, which have also been linked to heart attack risk."

In this study, the researchers investigated whether negative emotions -- anger, sadness and anxiety -- may have an adverse impact on blood vessel function compared to a neutral emotion. The 280 adults in the study were randomly assigned to one of four emotional tasks for 8 minutes: recalling a personal memory that made them angry; recalling a personal memory of anxiety; reading a series of depressing sentences that evoked sadness; or repeatedly counting to 100 to induce an emotionally neutral state. This protocol, "Putative mechanisms Underlying Myocardial infarction onset and Emotions (PUME)," was described by the researchers in a previous paper.

Researchers assessed the cells lining each study participant's blood vessels before the tasks and at several points after, looking for evidence of impaired blood vessel dilation, increased cell injury and/or reduced cell repair capacity. The measurements taken before the emotional tasks were repeated after tasks were completed.

Measurements were taken for each participant at baseline (0 minutes) and at four different timepoints after experiencing the assigned emotional task: 3 minutes, 40 minutes, 70 minutes and 100 minutes. The analysis found:
    	Tasks that recalled past events causing anger led to an impairment in blood vessel dilation, from zero to 40 minutes after the task. The impairment was no longer present after the 40-minute mark.
    	There were no statistically significant changes to participants' blood vessel linings at any time points after experiencing the anxiety and sadness emotional tasks.

"We saw that evoking an angered state led to blood vessel dysfunction, though we don't yet understand what may cause these changes," Shimbo said. "Investigation into the underlying links between anger and blood vessel dysfunction may help identify effective intervention targets for people at increased risk of cardiovascular events."

According to an American Heart Association 2021 scientific statement, Psychological Health, Well-Being, and the Mind-Heart-Body Connection, mental well-being can positively or negatively impact a person's health and risk factors for heart disease and stroke.




"This study adds nicely to the growing evidence base that mental well-being can affect cardiovascular health, and that intense acute emotional states, such as anger or stress, may lead to cardiovascular events," said Glenn Levine, M.D., FAHA, writing committee chair of the scientific statement, and master clinician and professor of medicine at Baylor College of Medicine, and chief of the cardiology section at the Michael E. DeBakey VA Medical Center, both in Houston.

"For instance, we know that intense sadness or similar emotions are a common trigger for Takatsubo cardiomyopathy, and events such as earthquakes or even as a fan watching a world soccer match, which provoke stress, may lead to myocardial infarction and/or to arrhythmias. This current study very eloquently shows how anger can negatively impact vascular endothelial health and function, and we know the vascular endothelium, the lining of blood vessels, is a key player in myocardial ischemia and atherosclerotic heart disease. While not all the mechanisms on how psychological states and health impact cardiovascular health have been elucidated, this study clearly takes us one step closer to defining such mechanisms."

Study background and details:
    	The Putative mechanisms Underlying Myocardial infarction onset and Emotions (PUME) study is a randomized controlled experimental study conducted from August 2013 to May 2017.
    	Participants were recruited from the community surrounding Columbia University Irving Medical Center in New York City.
    	Participants were ages 18 or older and healthy. In this study, healthy was defined as no history of heart disease, stroke, bypass surgery or stents, transient ischemic attack, peripheral arterial disease, heart failure, high blood pressure, high cholesterol, Type 2 diabetes or self-reported diagnosis of a mental health disorder; not taking any prescription medications or dietary supplements; and not currently smoking.
    	The average age of study participants was 26 years. Approximately 50% of participants self-identified as women. About 40% of participants self-identified as white adults; 29% as Hispanic/Latino adults; 19% as Asian adults; and 14% as Black adults.
    	Participants' blood vessel health was assessed before and after completing the emotional tasks with finger probes that detect changes in blood flow in arteries.
    	Before completing the emotional tasks, participants were seated in a comfortable chair in a temperature-controlled room and instructed to relax for 30 minutes, during which time they were not allowed to talk, use their phones, read any documents or sleep.
    	After the participants had relaxed for 30 minutes, researchers measured participants' blood pressure with a cuff and corresponding heart rate. Two blood pressure measurements were taken one minute apart, then the dilation of participants' blood vessels was measured, and blood samples were collected for testing. Repeat measurements of blood pressure and dilation were conducted, and blood samples were collected again after the assigned emotional task was completed.
    	Researchers determined the extent to which participants' blood vessels were unable to dilate by measuring the blood flow in the participants' non-dominant forearm. They assessed the injury to participants' blood vessels by counting the number of circulating blood vessel lining biomarkers in the blood and assessed the regenerative ability of participants' vascular cells by measuring their circulating levels of bone-marrow-derived cells, which are essential for repair.

The study's limitations included that participants were young and apparently healthy, "making it unclear whether the results would apply to older adults with other health conditions, who would most likely be taking medications," Shimbo noted. In addition, participants were observed in a health care setting, rather than in real-world situations, and the study only assessed the short-term effects of evoked emotions.

Co-authors, disclosures and funding sources are listed in the manuscript.
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Improved AI process could better predict water supplies | ScienceDaily
A new computer model uses a better artificial intelligence process to measure snow and water availability more accurately across vast distances in the West, information that could someday be used to better predict water availability for farmers and others.


						
Publishing in the Proceedings of the AAAI Conference on Artificial Intelligence, the interdisciplinary group of Washington State University researchers predict water availability from areas in the West where snow amounts aren't being physically measured.

Comparing their results to measurements from more than 300 snow measuring stations in the Western U.S., they showed that their model outperformed other models that use the AI process known as machine learning. Previous models focused on time-related measures, taking data at different time points from only a few locations. The improved model uses both time and space into account, resulting in more accurate predictions.

The information is critically important for water planners throughout the West because "every drop of water" is appropriated for irrigation, hydropower, drinking water, and environmental needs, said Krishu Thapa, a Washington State University computer science graduate student who led the study.

Water management agencies throughout the West every spring make decisions on how to use water based on how much snow is in the mountains.

"This is a problem that's deeply related to our own way of life continuing in this region in the Western U.S.," said co-author Kirti Rajagopalan, professor in WSU's Department of Biological Systems Engineering. "Snow is definitely key in an area where more than half of the streamflow comes from snow melt. Understanding the dynamics of how that's formed and how that changes, and how it varies spatially is really important for all decisions."

There are 822 snow measurement stations throughout the Western U.S. that provide daily information on the potential water availability at each site, a measurement called the snow-water equivalent (SWE). The stations also provide information on snow depth, temperature, precipitation and relative humidity.




However, the stations are sparsely distributed with approximately one every 1,500 square miles. Even a short distance away from a station, the SWE can change dramatically depending on factors like the area's topography.

"Decision makers look at a few stations that are nearby and make a decision based on that, but how the snow melts and how the different topography or the other features are playing a role in between, that's not accounted for, and that can lead to over predicting or under predicting water supplies," said co-author Bhupinderjeet Singh, a WSU graduate student in biological systems engineering. "Using these machine learning models, we are trying to predict it in a better way."

The researchers developed a modeling framework for SWE prediction and adapted it to capture information in space and time, aiming to predict the daily SWE for any location, whether or not there is a station there. Earlier machine learning models could only focus on the one temporal variable, taking data for one location for multiple days and using that data, making predictions for the other days.

"Using our new technique, we're using both and spatial and temporal models to make decisions, and we are using the additional information to make the actual prediction for the SWE value," said Thapa. "With our work, we're trying to transform that physically sparse network of stations to dense points from which we can predict the value of SWE from those points that don't have any stations."

While this work won't be used for directly informing decisions yet, it is a step in helping with future forecasting and improving the inputs for models for predicting stream flows, said Rajagopalan. The researchers will be working to extend the model to make it spatially complete and eventually make it into a real-world forecasting model.

The work was conducted through the AI Institute for Transforming Workforce and Decision Support (AgAID Institute) and supported by the USDA's National Institute of Food and Agriculture.
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        75,000-year-old female Neanderthal from cave where species buried their dead
        A new documentary has recreated the face of a 75,000-year-old female Neanderthal whose flattened skull was discovered and rebuilt from hundreds of bone fragments by a team of archaeologists and conservators.

      

      
        Sleep resets brain connections -- but only for first few hours
        During sleep, the brain weakens the new connections between neurons that had been forged while awake -- but only during the first half of a night's sleep, according to a new study.

      

      
        Scientists identify new brain circuit in mice that controls body's inflammatory reactions
        The brain can direct the immune system to an unexpected degree, capable of detecting, ramping up and tamping down inflammation, shows a new study in mice.

      

      
        A 'cosmic glitch' in gravity
        Researchers have discovered a potential 'cosmic glitch' in the universe's gravity, explaining its strange behavior on a cosmic scale.

      

      
        Scientists work out the effects of exercise at the cellular level
        The health benefits of exercise are well known but new research shows that the body's response to exercise is more complex and far-reaching than previously thought. In a study on rats, a team of scientists has found that physical activity causes many cellular and molecular changes in all 19 of the organs they studied in the animals.

      

      
        Earth-like environment likely on ancient Mars
        A research team using the ChemCam instrument onboard NASA's Curiosity rover discovered higher-than-usual amounts of manganese in lakebed rocks within Gale Crater on Mars, which indicates that the sediments were formed in a river, delta, or near the shoreline of an ancient lake.

      

      
        Every breath you take: Study models the journey of inhaled plastic particle pollution
        With recent studies having established the presence of nano and microplastic particles in the respiratory systems of both human and bird populations, new research has modeled what happens when people breathe in different kinds of plastic particles and where they end up.

      

      
        Revised dating of the Liujiang skeleton renews understanding of human occupation of China
        Researchers have provided new age estimates and revised provenance information for the Liujiang human fossils, shedding light on the presence of Homo sapiens in the region. Using advanced dating techniques including U-series dating on human fossils, and radiocarbon and optically stimulated luminescence dating on fossil-bearing sediments, the study revealed new ages ranging from approximately 33,000 to 23,000 years ago. Previously, studies had reported ages of up to 227,000 years of age for the sk...

      

      
        Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows
        The body clock has a significant impact on the performance of NBA players. Data shows vastly better win ratio for home teams from the Western Time Zone Area (PDT) when playing an EDT team, compared to vice versa.

      

      
        Novel genetic plant regeneration approach without the application of phytohormones
        Conventional plant regeneration approaches by cell culture require the external application of plant growth regulators, including hormones. However, optimizing culture conditions can be laborious. Now, researchers have developed a novel plant regeneration system that omits the need for hormone application by genetically regulating the expression of genes that control plant cell differentiation. Their work holds significant potential in the development of genetically modified plants in a simpler a...

      

      
        Climate change and mercury pollution stressed plants for millions of years
        The link between massive flood basalt volcanism and the end-Triassic (201 million years ago) mass-extinction is commonly accepted. However, exactly how volcanism led to the collapse of ecosystems and the extinction of entire families of organisms is difficult to establish. Extreme climate change from the release of carbon dioxide, degradation of the ozone layer due to the injection of damaging chemicals, and the emissions of toxic pollutants, are all seen as contributing factors. One toxic elemen...

      

      
        Webb captures top of iconic horsehead nebula in unprecedented detail
        NASA's James Webb Space Telescope has captured the sharpest infrared images to date of a zoomed-in portion of one of the most distinctive objects in our skies, the Horsehead Nebula. These observations show the top of the 'horse's mane' or edge of this iconic nebula in a whole new light, capturing the region's complexity with unprecedented spatial resolution.

      

      
        Methane emissions from landfill could be turned into sustainable jet fuel in plasma chemistry leap
        Researchers have developed a chemical process using plasma that could create sustainable jet fuel from methane gas emitted from landfills, potentially creating a low-carbon aviation industry.

      

      
        Biodegradable 'living plastic' houses bacterial spores that help it break down
        A new type of bioplastic could help reduce the plastic industry's environmental footprint. Researchers have developed a biodegradable form of thermoplastic polyurethane (TPU) filled with bacterial spores that, when exposed to nutrients present in compost, germinate and break down the material at the end of its life cycle.

      

      
        NASA's Webb maps weather on planet 280 light-years away
        Researchers have successfully used NASA's James Webb Space Telescope to map the weather on the hot gas-giant exoplanet WASP-43 b.

      

      
        Researchers identify over 2,000 genetic signals linked to blood pressure in study of over one million people
        Researchers have discovered over a hundred new regions of the human genome, also known as genomic loci, that appear to influence a person's blood pressure. In total, over 2,000 independent genetic signals for blood pressure are now reported, demonstrating that blood pressure is a highly complex trait influenced by thousands of different genetic variants.

      

      
        A virus could help save billions of gallons of wastewater produced by fracking
        An estimated 168 billion gallons of wastewater -- or produced water -- is generated annually by the Permian Basin fracking industry, according to a 2022 report. The major waste stream has proved both difficult and costly to treat because of the chemical complexity of the water.

      

      
        Tsetse fly protein provides anticoagulant with its own on-off switch
        A completely novel way to develop 'surpamolecules' for drug discovery could have application in immunotherapy as well as this breakthrough design for an anticoagulant with on-demand reversibility.

      

      
        Trotting robots reveal emergence of animal gait transitions
        A four-legged robot trained with machine learning has learned to avoid falls by spontaneously switching between walking, trotting, and pronking -- a milestone for roboticists as well as biologists interested in animal locomotion.

      

      
        The double-fanged adolescence of saber-toothed cats
        How did North America's saber-toothed cats hunt without breaking their unwieldy saber-like canines, which are vulnerable to sideways bending stresses? A paleontologist provides mechanical evidence that during adolescence, when young cats were learning to hunt, their baby teeth remained in place for up to 30 months to laterally buttress the emerging permanent sabers. By the time the baby teeth fell out, presumably the adult cat knew how to protect its sabers during attacks.

      

      
        Fading lights: Multiple threats to North America's firefly populations
        Scientists have applied a data-driven approach to understanding firefly population dynamics on a continental scale. Key findings from this new study indicate that fireflies, part of the beetle order, are sensitive to various environmental factors, from short-term weather conditions to longer climatic trends, including the number of growing-degree days related to temperature accumulations.

      

      
        Microarray patches safe and effective for vaccinating children, trial suggests
        The first study of the use of microarray patches to vaccinate children has shown that the method is safe and induces strong immune responses. The phase 1/2 randomized trial compared results from the measles and rubella vaccine delivered by a microarray patch, a small sticking plaster-like device with an array of microscopic projections that painlessly penetrate the skin and deliver the vaccine, or by conventional injection with a needle and syringe.

      

      
        Long snouts protect foxes when diving headfirst in snow
        When hunting for mice in winter, red and arctic fox are known to plunge headfirst at speeds of 2-4 meters per second, but their sharp noses reduce the impact force in snow and protect them from injury, according to a new study.

      

      
        Gemini south reveals origin of unexpected differences in giant binary stars
        Astronomers have confirmed that differences in binary stars' composition can originate from chemical variations in the cloud of stellar material from which they formed. The results help explain why stars born from the same molecular cloud can possess different chemical composition and host different planetary systems, as well as pose challenges to current stellar and planet formation models.

      

      
        Experimental type 1 diabetes drug shelters pancreas cells from immune system attack
        Scientists say that an experimental monoclonal antibody drug called mAb43 appears to prevent and reverse the onset of clinical type 1 diabetes in mice, and in some cases, to lengthen the animals' lifespan.

      

      
        More plants on the menu of ancient hunter-gatherers
        It has long been thought that meat played an important role in the diet of hunter-gatherers before the Neolithic transition. However, due to the scarcity of well-preserved human remains from Paleolithic sites, little information exists about the dietary habits of pre-agricultural human groups. A new study challenges this notion by presenting compelling isotopic evidence of a strong preference for plants among 15,000-year-old hunter-gatherers from Morocco. This is the first time a significant amou...

      

      
        Cardio-fitness cuts death and disease by nearly 20%
        Groundbreaking new research finds that an increased cardio fitness level will reduce your risk of death from any cause by nearly 20%.

      

      
        Scientists develop strong yet reusable adhesive from smart materials
        Scientists have developed a smart, reusable adhesive more than ten times stronger than a gecko's feet adhesion, pointing the way for development of reusable superglue and grippers capable of holding heavy weights across rough and smooth surfaces. The research team found a way to maximize the adhesion of the smart adhesives by using shape-memory polymers, which can stick and detach easily when needed simply by heating them. This smart adhesive can support extremely heavy weights, opening new possi...

      

      
        Fixin' to be flexitarian: Scrap fish and invasive species can liven up vegetables
        Greening the way we eat needn't mean going vegetarian. A healthy, more realistic solution is to adopt a flexitarian diet where seafoods add umami to 'boring' vegetables. A gastrophysicist puts mathematical equations to work in calculating the umami potential of everything from seaweed and shrimp paste to mussels and mackerel.

      

      
        T. Rex not as smart as previously claimed
        Dinosaurs were likely as smart as reptiles but not as intelligent as monkeys.

      

      
        Probing the effects of interplanetary space on asteroid Ryugu
        Samples reveal evidence of changes experienced by the surface of asteroid Ryugu, some probably due to micrometeoroid bombardment.

      

      
        Test reveals mice think like babies
        Are mice clever enough to be strategic? A neuroscientist who studies learning in humans and animals, and who has long worked with mice, wondered why rodents often performed poorly in tests when they knew how to perform well. With a simple experiment, and by acting as 'a little bit of a mouse psychologist,' he and his team figured it out.

      

      
        New circuit boards can be repeatedly recycled
        Researchers have developed a new PCB that performs on par with traditional materials and can be recycled repeatedly with negligible material loss. Researchers used a solvent that transforms a type of vitrimer -- a cutting-edge class of polymer -- into a jelly-like substance without damage, allowing solid components to be plucked out for reuse or recycling. With these 'vPCBs' (vitrimer printed circuit boards), researchers recovered 98% of the vitrimer and 100% of the glass fiber.

      

      
        Ancient Maya blessed their ballcourts
        Using environmental DNA analysis, an international team of researchers identified a collection of plants used in ceremonial rituals in the ancient Maya city of Yaxnohcah in Mexico. The plants, known for their religious associations and medicinal properties, were discovered beneath a plaza floor where a ballcourt was built.

      

      
        Using stem cell-derived heart muscle cells to advance heart regenerative therapy
        Regenerative heart therapies involve transplanting cardiac muscle cells into damaged areas of the heart to recover lost function. However, the risk of arrhythmias following this procedure is reportedly high. In a recent study, researchers tested a novel approach that involves injecting 'cardiac spheroids,' cultured from human stem cells, directly into damaged ventricles. The highly positive outcomes observed in primate models highlight the potential of this strategy.

      

      
        Researchers advance detection of gravitational waves to study collisions of neutron stars and black holes
        Researchers co-led a study that will improve the detection of gravitational waves--ripples in space and time.

      

      
        Climate change could become the main driver of biodiversity decline by mid-century
        Global biodiversity has declined between 2% and 11% during the 20th century due to land-use change alone, according to a large multi-model study. Projections show climate change could become the main driver of biodiversity decline by the mid-21st century.

      

      
        Food in sight? The liver is ready!
        What happens in the body when we are hungry and see and smell food? A team of researchers has now been able to show in mice that adaptations in the liver mitochondria take place after only a few minutes. Stimulated by the activation of a group of nerve cells in the brain, the mitochondria of the liver cells change and prepare the liver for the adaptation of the sugar metabolism. The findings could open up new avenues for the treatment of type 2 diabetes.
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75,000-year-old female Neanderthal from cave where species buried their dead | ScienceDaily
A new documentary has recreated the face of a 75,000-year-old female Neanderthal whose flattened skull was discovered and rebuilt from hundreds of bone fragments by a team of archaeologists and conservators led by the University of Cambridge.


						
The team excavated the female Neanderthal in 2018 from inside a cave in Iraqi Kurdistan where the species had repeatedly returned to lay their dead to rest. The cave was made famous by work in the late 1950s that unearthed several Neanderthals which appeared to have been buried in succession.

'Secrets of the Neanderthals', produced by BBC Studios Science Unit, is released on Netflix worldwide. The documentary follows the team led by the universities of Cambridge and Liverpool John Moores as they return to Shanidar Cave to continue excavations.

"The skulls of Neanderthals and humans look very different," said Dr Emma Pomeroy, a palaeo-anthropologist from Cambridge's Department of Archaeology, who features in the new film.

"Neanderthal skulls have huge brow ridges and lack chins, with a projecting midface that results in more prominent noses. But the recreated face suggests those differences were not so stark in life.

"It's perhaps easier to see how interbreeding occurred between our species, to the extent that almost everyone alive today still has Neanderthal DNA."

Neanderthals are thought to have died out around 40,000 years ago, and the discoveries of new remains are few and far between. The Neanderthal featured in the documentary is the first from the cave for over fifty years, and perhaps the best preserved individual to be found this century.




While earlier finds were numbered, this one is called Shanidar Z, although researchers think it may be the top half of an individual excavated in 1960.

The head had been crushed, possibly by rockfall, relatively soon after death -- after the brain decomposed but before the cranium filled with dirt -- and then compacted further by tens of thousands of years of sediment.

When archaeologists found it, the skull was flattened to around two centimetres thick.

The team carefully exposed the remains, including an articulated skeleton almost to the waist, and used a glue-like consolidant to strengthen the bones and surrounding sediment. They removed Shanidar Z in dozens of small foil-wrapped blocks from under seven and a half metres of soil and rock within the heart of the cave.

In the Cambridge lab, researchers took micro-CT scans of each block before gradually diluting the glue and using the scans to guide extraction of bone fragments. Lead conservator Dr Lucia Lopez-Polin pieced over 200 bits of skull together freehand to return it to its original shape, including upper and lower jaws.

"Each skull fragment is gently cleaned while glue and consolidant are re-added to stabilise the bone, which can be very soft, similar in consistency to a biscuit dunked in tea," said Pomeroy. "It's like a high stakes 3D jigsaw puzzle. A single block can take over a fortnight to process."

The team even referred to forensic science -- studies on how bones shift after blunt force trauma and during decomposition -- to help them understand if remains had been buried, and the ways in which teeth had pinged from jawbones.




The rebuilt skull was surface scanned and 3D-printed, forming the basis of a reconstructed head created by world-leading palaeoartists and identical twins Adrie and Alfons Kennis, who built up layers of fabricated muscle and skin to reveal a face.

New analysis strongly suggests that Shanidar Z was an older female, perhaps in her mid-forties according to researchers -- a significant age to reach so deep in prehistory.

Without pelvic bones, the team relied on sequencing tooth enamel proteins to determine her sex. Teeth were also used to gauge her age through levels of wear and tear -- with some front teeth worn down to the root. At around five feet tall, and with some of the smallest adult arm bones in the Neanderthal fossil record, her physique also implies a female.

While remnants of at least ten separate Neanderthals have now come from the cave, Shanidar Z is the fifth to be found in a cluster of bodies buried at a similar time in the same location: right behind a huge vertical rock, over two metres tall at the time, which sits in the centre of the cave.

The rock had come down from the ceiling long before the bodies were interred. Researchers say it may have served as a landmark for Neanderthals to identify a particular site for repeated burials.

"Neanderthals have had a bad press ever since the first ones were found over 150 years ago," said Professor Graeme Barker from Cambridge's McDonald Institute for Archaeological Research, who leads the excavations at the cave.

"Our discoveries show that the Shanidar Neanderthals may have been thinking about death and its aftermath in ways not so very different from their closest evolutionary cousins -- ourselves."

The other four bodies in the cluster were discovered by archaeologist Ralph Solecki in 1960. One was surrounded by clumps of ancient pollen. Solecki and pollen specialist Arlette Leroi-Gourhan argued the finds were evidence of funerary rituals where the deceased was laid to rest on a bed of flowers.

This archaeological work was among the first to suggest Neanderthals were far more sophisticated than the primitive creatures many had assumed, based on their stocky frames and ape-like brows.

Decades later, the Cambridge-led team retraced Solecki's dig, aiming to use the latest techniques to retrieve more evidence for his contentious claims, as well as the environment and activities of the Neanderthals and later modern humans who lived there, when they uncovered Shanidar Z.

"Shanidar Cave was used first by Neanderthals and then by our own species, so it provides an ideal laboratory to tackle one of the biggest questions of human evolution," said Barker.

"Why did Neanderthals disappear from the stage around the same time as Homo sapiens spread over regions where Neanderthals had lived successfully for almost half a million years?"

A study led by Professor Chris Hunt of Liverpool John Moores University now suggests the pollen was left by bees burrowing into the cave floor. However, remains from Shanidar Cave still show signs of an empathetic species. For example, one male had a paralysed arm, deafness and head trauma that likely rendered him partially blind, yet had lived a long time, so must have been cared for.

Site analysis suggests that Shanidar Z was laid to rest in a gully formed by running water that had been further hollowed out by hand to accommodate the body. Posture indicates she had been leant against the side, with her left hand curled under her head, and a rock behind the head like a small cushion, which may have been placed there.

While Shanidar Z was buried within a similar timeframe as other bodies in the cluster, researchers cannot say how contemporaneous they are, only that they all date to around 75,000 years ago.

In fact, while filming onsite for the new documentary in 2022, the team found remains of yet another individual in the same burial cluster, uncovering the left shoulder blade, some ribs and a fairly complete right hand.

In the sediments several feet above, another three Neanderthals dating to around 50,000 years had been found by Solecki, more of which have been recovered by the current team.

Further research since Shanidar Z was found has detected microscopic traces of charred food in the soil around the older body cluster. These carbonised bits of wild seeds, nuts and grasses, suggest not only that Neanderthals prepared food -- soaking and pounding pulses -- and then cooked it, but did so in the presence of their dead.

"The body of Shanidar Z was within arm's reach of living individuals cooking with fire and eating," said Pomeroy. "For these Neanderthals, there does not appear to be that clear separation between life and death."

"We can see that Neanderthals are coming back to one particular spot to bury their dead. This could be decades or even thousands of years apart. Is it just a coincidence, or is it intentional, and if so what brings them back?"

"As an older female, Shanidar Z would have been a repository of knowledge for her group, and here we are seventy-five thousand years later, learning from her still," Pomeroy said.
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Sleep resets brain connections -- but only for first few hours | ScienceDaily
During sleep, the brain weakens the new connections between neurons that had been forged while awake -- but only during the first half of a night's sleep, according to a new study in fish by UCL scientists.


						
The researchers say their findings, published in Nature, provide insight into the role of sleep, but still leave an open question around what function the latter half of a night's sleep serves.

The researchers say the study supports the Synaptic Homeostasis Hypothesis, a key theory on the purpose of sleep which proposes that sleeping acts as a reset for the brain.

Lead author Professor Jason Rihel (UCL Cell & Developmental Biology) said: "When we are awake, the connections between brain cells get stronger and more complex. If this activity were to continue unabated, it would be energetically unsustainable. Too many active connections between brain cells could prevent new connections from being made the following day.

"While the function of sleep remains mysterious, it may be serving as an 'off-line' period when those connections can be weakened across the brain, in preparation for us to learn new things the following day."

For the study, the scientists used optically translucent zebrafish, with genes enabling synapses (structures that communicate between brain cells) to be easily imaged. The research team monitored the fish over several sleep-wake cycles.

The researchers found that brain cells gain more connections during waking hours, and then lose them during sleep. They found that this was dependent on how much sleep pressure (need for sleep) the animal had built up before being allowed to rest; if the scientists deprived the fish from sleeping for a few extra hours, the connections continued to increase until the animal was able to sleep.

Professor Rihel added: "If the patterns we observed hold true in humans, our findings suggest that this remodelling of synapses might be less effective during a mid-day nap, when sleep pressure is still low, rather than at night, when we really need the sleep."

The researchers also found that these rearrangements of connections between neurons mostly happened in the first half of the animal's nightly sleep. This mirrors the pattern of slow-wave activity, which is part of the sleep cycle that is strongest at the beginning of the night.

First author Dr Anya Suppermpool (UCL Cell & Developmental Biology and UCL Ear Institute) said: "Our findings add weight to the theory that sleep serves to dampen connections within the brain, preparing for more learning and new connections again the next day. But our study doesn't tell us anything about what happens in the second half of the night. There are other theories around sleep being a time for clearance of waste in the brain, or repair for damaged cells -- perhaps other functions kick in for the second half of the night."
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Scientists identify new brain circuit in mice that controls body's inflammatory reactions | ScienceDaily
The brain can direct the immune system to an unexpected degree, capable of detecting, ramping up and tamping down inflammation, shows a new study in mice from researchers at Columbia's Zuckerman Institute.


						
"The brain is the center of our thoughts, emotions, memories and feelings," said Hao Jin, PhD, a co-first author of the study published online today in Nature. "Thanks to great advances in circuit tracking and single-cell technology, we now know the brain does far more than that. It is monitoring the function of every system in the body."

Future research could identify drugs that can target this newfound brain circuit to help treat a vast range of disorders and diseases in which the immune system goes haywire.

"This new discovery could provide an exciting therapeutic venue to control inflammation and immunity," said Charles S. Zuker, PhD, the study's senior author, a principal investigator at Columbia's Zuckerman Institute and a Howard Hughes Medical Institute investigator.

Recent work from the Zuker lab and other groups is revealing the importance of the body-brain axis, a vital pathway that conveys data between the organs and the brain. For example, Dr. Zuker and his colleagues discovered that sugar and fat entering the gut use the body-brain axis to drive the craving and strong appetite for sugary and fatty foods.

"We found all these ways in which the body is informing the brain about the body's current state," said co-first author Mengtong Li, PhD, a postdoctoral researcher in the Zuker lab. "We wanted to understand how much farther the brain's knowledge and control of the body's biology went."

The scientists looked for connections the brain might have with inflammation and innate immunity, the defense system shared by all animals and the most ancient component of the immune system. Whereas the adaptive immune system remembers previous encounters with intruders to help it resist them if they invade again, the innate immune system attacks anything with common traits of germs. The relative simplicity of innate immunity lets it respond to new insults more quickly than adaptive immunity.




Prior studies in humans revealed that electrically stimulating the vagus nerve -- a bundle of thousands of nerve fibers linking the brain and the body's internal organs -- could reduce the response linked to a specific inflammatory molecule. However, much remained unknown about the nature of this body-brain system: for instance, the generality of the brain's modulation of immunity and the inflammatory response, the selective lines of communication between the body and the brain, the logic of the underlying neural circuit, and the identity of the vagal and brain components that monitor and regulate inflammation.

The Zuker lab turned to a bacterial compound that sets off innate immune responses. The scientists found that giving this molecule to mice activated the caudal nucleus of the solitary tract, or cNST, which is tucked inside the brainstem. The cNST plays a major role in the body-brain axis and is the primary target of the vagus nerve.

The scientists showed that chemically suppressing the cNST resulted in an out-of-control inflammatory response to the immune insult: levels of pro-inflammatory molecules released by the immune system were more than three times higher than usual, and levels of anti-inflammatory immune compounds were roughly three times lower than normal. In contrast, artificially activating the cNST reduced pro-inflammatory molecule levels by nearly 70 percent and increased anti-inflammatory chemical levels almost tenfold.

"Similar to a thermostat, this newfound brain circuit helps increase or decrease inflammatory responses to keep the body responding in a healthy manner," said Dr. Jin, who started this study as a postdoctoral researcher in Dr. Zuker's lab. Dr. Jin is now a tenure track investigator at the National Institute of Allergy and Infectious Diseases. "In retrospect, it makes sense to have a master arbiter controlling this vital response."

Previous vagus nerve stimulation research in humans suggests the findings go beyond mice. The new research may also be in line with thousands of years of thought on the potential importance of the mind on the body.

"A lot of psychosomatic effects could actually be linked to brain circuits telling your body something," Dr. Jin noted.




The scientists identified the specific groups of neurons in the vagus nerve and in the cNST that help detect and control pro- and anti-inflammatory activity. "This opens up a new window into how the brain monitors and modulates body physiology," said Dr. Zuker, a professor of biochemistry, molecular biophysics and neuroscience at Columbia's Vagelos College of Physicians and Surgeons.

Discovering ways to control this newfound brain circuit may lead to novel therapies for common auto-immune diseases such as rheumatoid arthritis, type I diabetes, multiple sclerosis, neurodegenerative diseases, lupus, inflammatory bowel disease and Crohn's disease, as well as conditions such as long COVID syndrome, immune rejection of transplanted organs, and the potentially deadly outbursts known as cytokine storms that COVID infections can trigger.

Autoimmune diseases may affect roughly one in 10 individuals, a 2023 Lancet study suggested. In the United States alone, autoimmune diseases may cost the economy $100 billion annually, a figure that may be a gross underestimate, according to the Autoimmune Association.

Harnessing the activity of this circuit may make a difference across a broad range of conditions affecting the immune system, and help treat dysregulated inflammatory states in people suffering from immune diseases and disorders, Drs. Jin and Li said.
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A 'cosmic glitch' in gravity | ScienceDaily
A group of researchers at the University of Waterloo and the University of British Columbia have discovered a potential "cosmic glitch" in the universe's gravity, explaining its strange behaviour on a cosmic scale.


						
For the last 100 years, physicists have relied upon Albert Einstein's theory of "general relativity" to explain how gravity works throughout the universe. General relativity, proven accurate by countless tests and observations, suggests that gravity impacts not simply three physical dimensions but also a fourth dimension: time.

"This model of gravity has been essential for everything from theorizing the Big Bang to photographing black holes," said Robin Wen, the lead author on the project and a recent Waterloo Mathematical Physics graduate.

"But when we try to understand gravity on a cosmic scale, at the scale of galaxy clusters and beyond, we encounter apparent inconsistencies with the predictions of general relativity. It's almost as if gravity itself stops perfectly matching Einstein's theory. We are calling this inconsistency a 'cosmic glitch': gravity becomes around one per cent weaker when dealing with distances in the billions of light years. "

For more than twenty years, physicists and astronomers have been trying to create a mathematical model that explains the apparent inconsistencies of the theory of general relativity. Many of those efforts have taken place at Waterloo, which has a long history of cutting-edge gravitational research resulting from ongoing interdisciplinary collaboration between applied mathematicians and astrophysicists.

"Almost a century ago, astronomers discovered that our universe is expanding," said Niayesh Afshordi, a professor of astrophysics at the University of Waterloo and researcher at the Perimeter Institute.

"The farther away galaxies are, the faster they are moving, to the point that they seem to be moving at nearly the speed of light, the maximum allowed by Einstein's theory. Our finding suggests that, on those very scales, Einstein's theory may also be insufficient."

The research team's new model of a "cosmic glitch" modifies and extends Einstein's mathematical formulas in a way that resolves the inconsistency of some of the cosmological measurements without affecting existing successful uses of general relativity.

"Think of it as being like a footnote to Einstein's theory," Wen said. "Once you reach a cosmic scale, terms and conditions apply."

"This new model might just be the first clue in a cosmic puzzle we are starting to solve across space and time," Afshordi said.
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Scientists work out the effects of exercise at the cellular level | ScienceDaily
The health benefits of exercise are well known but new research shows that the body's response to exercise is more complex and far-reaching than previously thought. In a study on rats, a team of scientists from across the United States has found that physical activity causes many cellular and molecular changes in all 19 of the organs they studied in the animals.


						
Exercise lowers the risk of many diseases, but scientists still don't fully understand how exercise changes the body on a molecular level. Most studies have focused on a single organ, sex, or time point, and only include one or two data types.

To take a more comprehensive look at the biology of exercise, scientists with the Molecular Transducers of Physical Activity Consortium (MoTrPAC) used an array of techniques in the lab to analyze molecular changes in rats as they were put through the paces of weeks of intense exercise. Their findings appear in Nature.

The team studied a range of tissues from the animals, such as the heart, brain, and lungs. They found that each of the organs they looked at changed with exercise, helping the body to regulate the immune system, respond to stress, and control pathways connected to inflammatory liver disease, heart disease, and tissue injury.

The data provide potential clues into many different human health conditions; for example, the researchers found a possible explanation for why the liver becomes less fatty during exercise, which could help in the development of new treatments for non-alcoholic fatty liver disease.

The team hopes that their findings could one day be used to tailor exercise to an individual's health status or to develop treatments that mimic the effects of physical activity for people who are unable to exercise. They have already started studies on people to track the molecular effects of exercise.

Launched in 2016, MoTrPAC draws together scientists from the Broad Institute of MIT and Harvard, Stanford University, the National Institutes of Health, and other institutions to shed light on the biological processes that underlie the health benefits of exercise. The Broad project was originally conceived of by Steve Carr, senior director of Broad's Proteomics Platform; Clary Clish, senior director of Broad's Metabolomics Platform; Robert Gerszten, a senior associate member at the Broad and chief of cardiovascular medicine at Beth Israel Deaconess Medical Center; and Christopher Newgard, a professor of nutrition at Duke University.




Co-first authors on the study include Pierre Jean-Beltran, a postdoctoral researcher in Carr's group at Broad when the study began, as well as David Amar and Nicole Gay of Stanford. Courtney Dennis and Julian Avila, both researchers in Clish's group, were also co-authors on the manuscript.

"It took a village of scientists with distinct scientific backgrounds to generate and integrate the massive amount of high quality data produced," said Carr, a co-senior author of the study. "This is the first whole-organism map looking at the effects of training in multiple different organs. The resource produced will be enormously valuable, and has already produced many potentially novel biological insights for further exploration."

The team has made all of the animal data available in an online public repository. Other scientists can use this site to download, for example, information about the proteins changing in abundance in the lungs of female rats after eight weeks of regular exercise on a treadmill, or the RNA response to exercise in all organs of male and female rats over time.

Whole-body analysis

Conducting such a large and detailed study required a lot of planning. "The amount of coordination that all of the labs involved in this study had to do was phenomenal," said Clish.

In partnership with Sue Bodine at the Carver College of Medicine at the University of Iowa, whose group collected tissue samples from animals after up to eight weeks of training, other members of the MoTrPAC team divided the samples up so that each lab -- Carr's team analyzing proteins, Clish's studying metabolites, and others -- would examine virtually identical samples.




"A lot of large-scale studies only focus on one or two data types," said Natalie Clark, a computational scientist in Carr's group. "But here we have a breadth of many different experiments on the same tissues, and that's given us a global overview of how all of these different molecular layers contribute to exercise response."

In all, the teams performed nearly 10,000 assays to make about 15 million measurements on blood and 18 solid tissues. They found that exercise impacted thousands of molecules, with the most extreme changes in the adrenal gland, which produces hormones that regulate many important processes such as immunity, metabolism, and blood pressure. The researchers uncovered sex differences in several organs, particularly related to the immune response over time. Most immune-signaling molecules unique to females showed changes in levels between one and two weeks of training, whereas those in males showed differences between four and eight weeks.

Some responses were consistent across sexes and organs. For example, the researchers found that heat-shock proteins, which are produced by cells in response to stress, were regulated in the same ways across different tissues. But other insights were tissue-specific. To their surprise, Carr's team found an increase in acetylation of mitochondrial proteins involved in energy production, and in a phosphorylation signal that regulates energy storage, both in the liver that changed during exercise. These changes could help the liver become less fatty and less prone to disease with exercise, and could give researchers a target for future treatments of non-alcoholic fatty liver disease.

"Even though the liver is not directly involved in exercise, it still undergoes changes that could improve health. No one speculated that we'd see these acetylation and phosphorylation changes in the liver after exercise training," said Jean-Beltran. "This highlights why we deploy all of these different molecular modalities -- exercise is a very complex process, and this is just the tip of the iceberg."

"Two or three generations of research associates matured on this consortium project and learned what it means to carefully design a study and process samples," added Hasmik Keshishian, a senior group leader in Carr's group and co-author of the study. "Now we are seeing the results of our work: biologically insightful findings that are yielding from the high quality data we and others have generated.That's really fulfilling."

Other MoTrPAC papers published today include deeper dives into the response of fat and mitochondria in different tissues to exercise. Additional MoTrPAC studies are underway to study the effects of exercise on young adult and older rats, and the short-term effects of 30-minute bouts of physical activity. The consortium has also begun human studies, and are recruiting about 1,500 individuals of diverse ages, sexes, ancestries, and activity levels for a clinical trial to study the effects of both endurance and resistance exercise in children and adults.
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Earth-like environment likely on ancient Mars | ScienceDaily
A research team using the ChemCam instrument onboard NASA's Curiosity rover discovered higher-than-usual amounts of manganese in lakebed rocks within Gale Crater on Mars, which indicates that the sediments were formed in a river, delta, or near the shoreline of an ancient lake. The results were published today in Journal of Geophysical Research: Planets.


						
"It is difficult for manganese oxide to form on the surface of Mars, so we didn't expect to find it in such high concentrations in a shoreline deposit," said Patrick Gasda, of Los Alamos National Laboratory's Space Science and Applications group and lead author on the study. "On Earth, these types of deposits happen all the time because of the high oxygen in our atmosphere produced by photosynthetic life, and from microbes that help catalyze those manganese oxidation reactions.

"On Mars, we don't have evidence for life, and the mechanism to produce oxygen in Mars's ancient atmosphere is unclear, so how the manganese oxide was formed and concentrated here is really puzzling. These findings point to larger processes occurring in the Martian atmosphere or surface water and shows that more work needs to be done to understand oxidation on Mars," Gasda added.

ChemCam, which was developed at Los Alamos and CNES (the French space agency), uses a laser to form a plasma on the surface of a rock, and collects that light in order to quantify elemental composition in rocks.

The sedimentary rocks explored by the rover are a mix of sands, silts, and muds. The sandy rocks are more porous, and groundwater can more easily pass through sands compared to the muds that make up most of the lakebed rocks in the Gale Crater. The research team looked at how manganese could have been enriched in these sands -- for example, by percolation of groundwater through the sands on the shore of a lake or mouth of a delta -- and what oxidant could be responsible for the precipitation of manganese in the rocks.

On Earth, manganese becomes enriched because of oxygen in the atmosphere, and this process is often sped up by the presence of microbes. Microbes on Earth can use the many oxidation states of manganese as energy for metabolism; if life was present on ancient Mars, the increased amounts of manganese in these rocks along the lake shore would have been a helpful energy source for life.

"The Gale lake environment, as revealed by these ancient rocks, gives us a window into a habitable environment that looks surprisingly similar to places on Earth today," said Nina Lanza, principal investigator for the ChemCam instrument. "Manganese minerals are common in the shallow, oxic waters found on lake shores on Earth, and it's remarkable to find such recognizable features on ancient Mars."
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Every breath you take: Study models the journey of inhaled plastic particle pollution | ScienceDaily
With recent studies having established the presence of nano and microplastic particles in the respiratory systems of both human and bird populations, a new University of Technology Sydney (UTS) study has modelled what happens when people breathe in different kinds of plastic particles and where they end up.


						
Led by Senior Lecturer of Mechanical Engineering Dr Suvash Saha, the UTS research team has used computational fluid-particle dynamics (CFPD) to study the transfer and deposition of particles of different sizes and shapes depending on the rate of breathing.

The results of the modelling, published in the journal Environmental Advances, have pinpointed hotspots in the human respiratory system where plastic particles can accumulate, from the nasal cavity and larynx and into the lungs.

Dr Saha said evidence was mounting on the significant impact of nano and microplastics on respiratory health and the UTS study would provide essential insights for the development of targeted strategies to mitigate potential risks and ensure effective health interventions.

"Experimental evidence has strongly suggested that these plastic particles amplify human susceptibility to a spectrum of lung disorders, including chronic obstructive pulmonary disease, fibrosis, dyspnea (shortness of breath), asthma, and the formation of what are called frosted glass nodules," Dr Saha said.

"Plastic particle air pollution is now pervasive and inhalation ranks as the second most likely pathway for human exposure.

"The primary types are intentionally manufactured, including a wide array of cosmetics and personal care products such as toothpaste.




"The secondary ones are fragments derived from the degradation of larger plastic products, such as water bottles, food containers and clothes.

"Extensive investigations have identified synthetic textiles as a principal source of indoor airborne plastic particles, while the outdoor environment presents a multitude of sources encompassing contaminated aerosols from the ocean to particles originating from wastewater treatment."

Dr Saha said the UTS team's modelling found that breathing rate along with particle size and shape determined where in the respiratory system plastic particles would be deposited.

"Faster breathing rates led to heightened deposition in the upper respiratory tract, particularly for larger microplastics, whereas slower breathing facilitated deeper penetration and deposition of smaller nanoplastic particles," he said.

"Particle shape was another factor, with non-spherical microplastic particles showing a propensity for deeper lung penetration compared to spherical microplastics and nanoplastics, potentially leading to different health outcomes.

"These findings highlight the imperative consideration of breathing rates and particle sizes in health risk assessments associated with respiratory exposure to nano and microplastic particles."
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Revised dating of the Liujiang skeleton renews understanding of human occupation of China | ScienceDaily

Tongtianyan cave, located in the Liujiang District of Liuzhou City, Southern China, has been a focal point of this research, housing one of the most significant fossil finds of Homo sapiens. However, the age of the fossils found within has been a matter of debate -- until now.

In a new international study in Nature Communications, with contributions by Griffith University, researchers have provided new age estimates and revised provenance information for the Liujiang human fossils, shedding light on the presence of Homo sapiens in the region.

Using advanced dating techniques including U-series dating on human fossils, and radiocarbon and optically stimulated luminescence dating on fossil-bearing sediments, the study revealed new ages ranging from approximately 33,000 to 23,000 years ago. Previously, studies had reported ages of up to 227,000 years of age for the skeleton.

"These revised age estimates align with dates from other human fossils in northern China, suggesting a geographically widespread presence of H. sapiens across Eastern Asia after 40,000 years ago," said Professor Michael Petraglia, study co-author and Director of Griffith's Australian Research Centre for Human Evolution.

Dr Junyi Ge, of the Chinese Academy of Sciences, and lead author of the study, said: "This finding holds significant implications for understanding human dispersals and adaptations in the region. It challenges previous interpretations and provides insights into the occupation history of China."

The Liujiang skeletal remains, discovered in 1958, have long been considered among the most significant human fossils from Eastern Asia.

With their excellent preservation, the cranial, dental, and postcranial remains have been the subjects of extensive biological and morphological comparisons across Eurasia.

Dr Qingfeng Shao, of the Nanjing Normal University added: "The findings of this study overturn earlier age estimates and palaeoanthropological interpretations, emphasising the need for robust dating methods and proper provenance documentation in the study of human evolution."

The study's comprehensive dating analyses highlights the importance of accurate age estimates in advancing our understanding of modern human origins and dispersals.
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Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows | ScienceDaily
The body clock has a significant impact on the performance of NBA players, according to study published in the peer-reviewed journal Chronobiology International.


						
The authors say their findings, from more than 25,000 matches, show elite basketball coaches and teams should consider the physical and mental effects of time zone travel when planning games and preparing for games.

A first of its kind, the research is based on the achievements at home and away of NBA (National Basketball Association) league players across 21 consecutive seasons. Considered the most competitive in the world, NBA athletes frequently travel to matches across the five US time zones used by NBA teams.

The findings show that there is a near 10% better win ratio difference for home teams from the western time zone area (PDT) when playing against a team from the eastern EDT time zone, compared to when an EDT team hosts a PDT team.
    	When PDT teams play at home against EDT teams the winning percentage is 63.5%.
    	When EDT teams host a PDT team, the winning percentage drops to 55.0%.

In addition, the findings also show that teams win more home games when players' sleep-wake cycles -- linked to their circadian rhythm (CR) -- are 'ahead' of the local time. This is after they have returned west from competing in a city further east where the local time is earlier.

For example, if the LA Lakers play an away match at Miami (EDT) and then return to Los Angeles (PDT) to play a home game without much CR adaptation time (CR is ahead of the local time), the Lakers play the next home game with a CR advantage against whomever their opponents are.

Teams do not have the same success when players' internal body clocks are either behind or synchronized with the local time where their home arena or stadium is based, according to the results.




Experts from Dokuz Eylul University and Yildiz Technical University, in Turkey, led the study. Dr Firat Ozdalyan, a Sport Physiology expert from Dokuz Eylul, explains that they found NBA teams need to become used to the local time when they play away games to perform well.

"One of the most important results of this research for the home games of the NBA teams is that while traveling to the west increases the performance, traveling to the east decreases the performance," he states.

"Another notable finding is that the success of NBA teams increases when they are fully adapted to the local time for away games.

"Home teams who will be exposed to such a CR phase shift (traveling from west to east) should be mindful of these potential performance detriments when constructing game plans.

"It can be suggested that coaches (of away teams) should bear this (the low shooting success) in mind during the game preparation period."

A circadian rhythm (CR) is the body's sleep-wake pattern over a 24-hour day. A CR phase shift means bedtime and wake-up times move earlier or later in the day.




This means the body clock gets out of sync with the environment which can lead to sleeplessness, daytime tiredness and other issues. The body clock needs 24 hours to adapt for every one-hour time zone change.

The study investigated the effect of a CR shift on the performance of professional NBA athletes.

Data was analyzed from 25,016 regular games across 21 consecutive seasons between 2000 to 2021. Information included the date, location, game result and home or away team. Time zones of the cities where all games were played were identified to calculate the CR phase shifts of the teams.

The expert team say teams in the Pacific time zone may have an advantage in regular season home games such as the Los Angeles Lakers, Portland Trail Blazers, and Seattle Supersonics.

Anaerobic performance could explain why home teams who travel from east to west do better, say the authors. This type of activity which is crucial for scoring, defending and other feats peaks later in the day.

The authors add that the body clock adapts more easily to a long rather than a short day. The day becomes longer traveling east to west and a natural circadian rhythm is slightly longer than 24 hours. So this means basketball players are traveling in the direction their bodies want to go.

As for away teams, the authors say that travel fatigue is more likely to blame for poor performance than phase shifts in CR.

Players who have rest time between games or have not traveled across time zones for an away match are more able to synchronize their body with the local time. As such, they are not as tired and play better.

A limitation of this research is that the traveling schedules of the teams are not known. Since this information was not available, it was not possible to determine how long the teams stayed in which city/time zone; how much they adapted to the local UTC; and what extent they were exposed to a CR phase shift with real data. Therefore, the team used a predictive model for the traveling plans and CR adaptations of the teams by following the rules determined by previous research.

Another limitation is that the games were not separated according to teams' ability differences.
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Novel genetic plant regeneration approach without the application of phytohormones | ScienceDaily
Conventional plant regeneration approaches by cell culture require the external application of plant growth regulators, including hormones. However, optimizing culture conditions can be laborious. Now, researchers have developed a novel plant regeneration system that omits the need for hormone application by genetically regulating the expression of genes that control plant cell differentiation. Their work holds significant potential in the development of genetically modified plants in a simpler and cost-effective manner.


						
For ages now, plants have been the primary source of nutrition for animals and humankind. Additionally, plants are used for the extraction of various medicinal and therapeutic compounds. However, their indiscriminate use, along with the rising demand for food, underscores the need for novel plant breeding practices. Advances in plant biotechnology can address the problems associated with food scarcity in the future by enabling the production of genetically modified (GM) plants with higher productivity and resilience to the changing climate.

Naturally, plants can regenerate an entire new plant from a single 'totipotent' cell (a cell that can give rise to multiple cell types) through dedifferentiation and redifferentiation into cells with various structures and functions. Artificial regulation of such totipotent cells through plant tissue culture is widely used for plant conservation, breeding, generation of GM species, and scientific research purposes. Conventionally, tissue culture for plant regeneration requires the application of plant growth regulators (PGRs), such as auxins and cytokinins, to control cell differentiation. However, optimum hormone conditions can vary significantly with plant species, culture conditions, and tissue type. Therefore, establishing optimum PGR conditions can be time-consuming and laborious.

To overcome this challenge, Associate Professor Tomoko Igawa, along with Associate Professor Mai F. Minamikawa from Chiba University, Professor Hitoshi Sakakibara from the Graduate School of Bioagricultural Sciences, Nagoya University, and Expert Technician Mikiko Kojima from RIKEN CSRS, have developed a versatile method of plant regeneration by modulating the expression of 'developmental regulator' (DR) genes which control plant cell differentiation. Giving further insights into their research work published on 3 April 2024 in Volume 15 of Frontiers in Plant Science, Dr. Igawa says, "Instead of using external PGRs, our system uses the DR genes, which are involved in development and morphogenesis, to control cellular differentiation. The system utilizes transcription factor genes and resembles induced pluripotent cell generation in mammals."

The researchers ectopically expressed two DR genes, namely -- BABY BOOM (BBM) and WUSCHEL (WUS) from Arabidopsis thaliana (used as the model plant), and examined their effects on the differentiation of tobacco, lettuce, and petunia tissue cultures. BBM encodes a transcription factor that regulates embryonic development, while WUS encodes a transcription factor that maintains stem cell identity in the shoot apical meristem region.

Their experiments revealed that the expression of Arabidopsis BBM or WUS alone was insufficient to induce cell differentiation in tobacco leaf tissue. Conversely, co-expression of functionally enhanced BBM and functionally modified WUS induced an accelerated and autonomous differentiation phenotype. The transgenic leaf cells differentiated into calli (a disorganized mass of cells), greenish organ-like structures, and adventitious shoots in the absence of PGR application. Quantitative polymerase chain reaction (qPCR) analysis (a technique used to quantify gene transcripts) revealed that the expression of Arabidopsis BBM and WUS was associated with the formation of transgenic calli and shoots.

Given the key role of phytohormones in cell division and differentiation, the researchers went on to quantify the levels of six phytohormones, namely -- auxins, cytokinins, abscisic acid (ABA), gibberellins (GAs), jasmonic acid (JA), salicylic acid (SA), and their metabolites in the transgenic plant cultures. Their findings revealed that the levels of active auxins, cytokinins, ABA, and inactive GAs increased as cells differentiated to form organs, highlighting their role in plant cell differentiation and organogenesis.

Furthermore, the researchers used transcriptome by RNA sequencing (a technique used for qualitative and quantitative analysis of gene expression) to assess the gene expression patterns in the transgenic cells showing active differentiation. Their results suggested that genes related to cell proliferation and auxins were enriched among the differentially upregulated genes. Further validation using qPCR revealed that four genes were upregulated or downregulated in the transgenic cells, including those regulating plant cell differentiation, metabolism, organogenesis, and auxin response.

Overall, these findings shed light on the novel and versatile approach to plant regeneration without the need for externally applying PGR. Moreover, the system used in this study has the potential to advance our understanding of the fundamental processes of plant cell differentiation and improve the biotechnological breeding of useful plant species.

Highlighting the applications of their work, Dr. Igawa remarks, "The reported system can improve plant breeding by providing a tool to induce cellular differentiation of GM plant cells without PGR application. Therefore, in societies where GM plants are accepted as products, it would accelerate plant breeding and reduce associated production costs."
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Climate change and mercury pollution stressed plants for millions of years | ScienceDaily
The link between massive flood basalt volcanism and the end-Triassic (201 million years ago) mass-extinction is commonly accepted. However, exactly how volcanism led to the collapse of ecosystems and the extinction of entire families of organisms is difficult to establish. Extreme climate change from the release of carbon dioxide, degradation of the ozone layer due to the injection of damaging chemicals, and the emissions of toxic pollutants, are all seen as contributing factors. One toxic element stands out: mercury. As one of the most toxic elements on Earth, Hg is a metal that is emitted from volcanoes in gaseous form, and thus has the capacity to spread worldwide. A new study in Nature Communications adds new compelling evidence for the combined effects of global warming and widespread mercury pollution that continued to stress plants long after volcanic activity had ceased.


						
An international team of Dutch, Chinese, Danish, British, and Czech scientists studied sediments from Northern-Germany in a drill-core (Schandelah-1) that spans the uppermost Triassic to lower Jurassic for microfossils and geochemical signals. A study of pollen and spore abundances revealed a profusion of fern spores showing a range of malformations, from abnormalities in wall structure to evidence for botched meiotic divisions, leading to unseparated, dwarfed, and fused fern spores. "Seeing the sheer amount and different types of malformed fern spores in sediment samples from a coastal lagoon, dating back 201 million years ago is truly astonishing. It means there must have been very many ferns being stressed," explains Remco Bos, a PhD candidate at Utrecht University and lead author of the study. "It is also not something we see regularly during other periods that also contain many fern fossils, making it a true signal connected to the end-Triassic mass-extinction event."

Deforestation and ferns

The results from Bos and co-authors confirm earlier work by co-authors Sofie Lindstrom (University of Copenhagen), Hamed Sanei (Aarhus University), and Bas van de Schootbrugge (Utrecht University), who previously produced similar data obtained from cores from Denmark and from nearby outcrops in Sweden. According to Sofie Lindstrom: "Ferns replaced trees across the extinction interval in response to dramatic environmental changes likely driven by heat stress, strongly increased monsoonal rainfall, and increased forest fire activity. Palynological results show that a pioneering fern vegetation spread across vast swaths of coastal lowlands in Northwestern Europe from Sweden and Denmark to Germany, France, Luxemburg, and Austria in response to widespread deforestation." Ferns are hardy plants, often colonizing disturbed environments, including newly formed volcanic islands or landscapes devastated by volcanism or wildfires. "What is extraordinary here is that the ferns that produced all these malformed spores in all these different sites, did not go extinct. While other plants went extinct, ferns were apparently robust enough to continue, which could also be related to their different mercury tolerance."

Climate variability

In this new study, Bos and co-authors show that the ferns, which took advantage of the dieback of forests, themselves were subjected to stress from Hg-pollution well beyond the immediate extinction interval. "We found four more intervals with high levels of Hg concentrations and high numbers of malformed spores in the 1.3 to 2 million years following the extinction interval," explains Remco Bos. This interval, known as the Hettangian, was a time of continuing adverse conditions in the oceans, with generally low diversities among marine invertebrates, such as ammonites and bivalves. On land, however, vegetation appeared to have recovered quicker. "We now show that this forest ecosystem continued to be perturbed repeatedly for at least 1.3 million years, but perhaps as long as 2 million years," Bos explains.

The four additional episodes of high Hg concentrations and high fern spore malformations were unlikely connected to later phases of Central Atlantic Magmatic Province volcanism. Instead, Bos and co-authors show that these periods correspond closely to the long eccentricity cycle, the major variation in the shape of Earth's orbit that moves Earth closer or further away from the Sun every 405 thousand years. During eccentricity maxima Earth moves closer to the Sun allowing for more sunlight to reach the Earth surface. As the Earth's atmosphere was already supercharged with carbon dioxide from the large-scale volcanism, this cyclic modulation of the climate system repeatedly triggered forest dieback, allowing for the renewed spread of pioneer ferns. As is shown by the correlation with high Hg contents, malformations in fern spores during these episodes were also the result of mercury poisoning. But where did this Hg come from?




Hg-isotopes

A crucial data set was generated at Tianjin University (China) by Wang Zheng, a co-corresponding author and geochemist specialized in metal isotope studies, especially Hg-isotopes. Mercury has different stable isotopes that behave differently in the environment. During reactions in nature, for example the expulsion from volcanism, deposition from the atmosphere, and the uptake by organisms, Hg-isotopes can become fractionated, enriching one pool in heavier isotopes, and others in lighter isotopes. Sediments with elevated levels of Hg and malformed spores also show clear variations in Hg-isotopes. "Based on the Hg-isotope variations we were able to link an initial pulse in Hg enrichment at the Triassic-Jurassic boundary to the emission of mercury from flood basalt volcanism," Wang Zheng explains. "However, the four other pulses in mercury had a different isotopic composition, indicating they were mainly driven by Hg input from soil erosion and photochemical reduction."

Climate change and toxic pollution

The combined geochemical and microfossil data thus paint a picture of a much more complex and drawn-out sequence of events, starting with massive volcanism driving climate change and releasing toxic pollutants, followed by episodic pulses of disturbance in the aftermath of the extinction event lasting for at least 1.3 million years. Dr. Tomas Navratil from the Czech Academy of Sciences, a co-author on the paper and a specialist for modern-day mercury pollution, agrees with this scenario. "Our work on polluted sites in the Czech Republic does show evidence for episodic remobilization from forest soils, especially during hot summers, and in places that are more exposed to sunlight causing the photochemical reduction of mercury and re-release to the atmosphere of previously stored mercury."

"We know that mass-extinction events were complex and long-lasting events. Here we show that a mix of greenhouse warming and pollution led to continued ecosystem perturbation. Coastal ecosystems likely suffered the most by receiving large amounts of mobilized mercury from vast catchment areas. Eventually, the system recovered during the Sinemurian, when we see stable forested biomes appear. It is likely that by that time, Earth had cleaned up the mess, carbon dioxide levels went down, and mercury was buried for good in offshore marine sediments," Bos concludes.
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Webb captures top of iconic horsehead nebula in unprecedented detail | ScienceDaily
NASA's James Webb Space Telescope has captured the sharpest infrared images to date of a zoomed-in portion of one of the most distinctive objects in our skies, the Horsehead Nebula. These observations show the top of the "horse's mane" or edge of this iconic nebula in a whole new light, capturing the region's complexity with unprecedented spatial resolution.


						
Webb's new images show part of the sky in the constellation Orion (The Hunter), in the western side of a dense region known as the Orion B molecular cloud. Rising from turbulent waves of dust and gas is the Horsehead Nebula, otherwise known as Barnard 33, which resides roughly 1,300 light-years away.

The nebula formed from a collapsing interstellar cloud of material, and glows because it is illuminated by a nearby hot star. The gas clouds surrounding the Horsehead have already dissipated, but the jutting pillar is made of thick clumps of material and therefore is harder to erode. Astronomers estimate that the Horsehead has about five million years left before it too disintegrates. Webb's new view focuses on the illuminated edge of the top of the nebula's distinctive dust and gas structure.

The Horsehead Nebula is a well-known photodissociation region, or PDR. In such a region, ultraviolet (UV) light from young, massive stars creates a mostly neutral, warm area of gas and dust between the fully ionized gas surrounding the massive stars and the clouds in which they are born. This UV radiation strongly influences the chemistry of these regions and acts as a significant source of heat.

These regions occur where interstellar gas is dense enough to remain mostly neutral, but not dense enough to prevent the penetration of UV light from massive stars. The light emitted from such PDRs provides a unique tool to study the physical and chemical processes that drive the evolution of interstellar matter in our galaxy, and throughout the universe from the early era of vigorous star formation to the present day.

Due to its proximity and its nearly edge-on geometry, the Horsehead Nebula is an ideal target for astronomers to study the physical structures of PDRs and the molecular evolution of the gas and dust within their respective environments, and the transition regions between them. It is considered one of the best regions in the sky to study how radiation interacts with interstellar matter.

Thanks to Webb's MIRI and NIRCam instruments, an international team of astronomers has revealed for the first time the small-scale structures of the illuminated edge of the Horsehead. As UV light evaporates the dust cloud, dust particles are swept out away from the cloud, carried with the heated gas. Webb has detected a network of thin features tracing this movement. The observations have also allowed astronomers to investigate how the dust blocks and emits light, and to better understand the multidimensional shape of the nebula.

Next, astronomers intend to study the spectroscopic data that has been obtained to gain insights into the evolution of the physical and chemical properties of the material observed across the nebula.

These observations were taken in the Webb GTO program 1192, and the results were published today in Astronomy & Astrophysics.
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Methane emissions from landfill could be turned into sustainable jet fuel in plasma chemistry leap | ScienceDaily
In a world first, University of Sydney researchers have developed a chemical process using plasma that could create sustainable jet fuel from methane gas emitted from landfills, potentially creating a low-carbon aviation industry.


						
Methane is a far more potent greenhouse gas than carbon dioxide (CO2). According to the International Energy Agency, the concentration of methane in the atmosphere is currently around two-and-a-half times greater than pre-industrial levels and is increasing steadily, with waste emissions and the burning of fossil fuels accounting for a significant proportion.

The research was published in the Journal of the American Chemical Society.

Australia recently joined the international methane mitigation agreement with the United States, the European Union, Japan and the Republic of Korea.

Lead author, Professor PJ Cullen from the University of Sydney's School of Chemical and Biomolecular Engineering and Net Zero Initiative said: "Globally, landfills are a major emitter of greenhouse gases, mainly a mixture of CO2 and methane. We have developed a process that would take these gases and convert them into fuels, targeting sectors that are difficult to electrify, like aviation."

"Modern landfill facilities already capture, upgrade and combust their gas emissions for electricity generation, however, our process creates a much more environmentally impactful and commercially valuable product," he said.

Global landfill emissions are estimated at 10-20 million tonnes of greenhouse gases per year, a value comparable to the emissions of the global energy sector.




Aviation currently accounts for approximately three percent of the world's emissions. Creating a "closed loop" fuel based on existing emissions would eliminate the need for traditional and sustainable jet fuels, which add further emissions into the atmosphere.

How plasma makes the process work

The process would work by extracting methane from a landfill site, known as a methane well, which uses a shaft-like mechanism to extract gases.

"The beauty of this is that this simple process captures almost the exact composition that we need for our process," said Professor Cullen.

"Non-thermal plasma is an electricity-driven technology which can excite gas at both a low temperature and atmospheric pressure. Essentially, what this means is this approach facilitates the conversion of the gas into value-added products by inducing plasma discharge within forming gas bubbles. The process doesn't require heat or pressure, meaning it requires less energy, making it highly compatible with renewable energy power sources."

DISCLOSURE

Authors PJ Cullen, Emma Lovell and Tianqi Zhang are associated with PlasmaLeap Technologies, the supplier of the plasma technology employed to generate plasma bubbles in this study.

The authors acknowledge the MagRes node at Sydney Analytical Core Research Facility for access to the NMR infrastructure, Michelle Wood at Sydney Analytical for additional assistance in ATR-FTIR and Aditya Rawal at the University of New South Wales Mark Wainwright Analytical Centre for solid-state NMR measurements.
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Biodegradable 'living plastic' houses bacterial spores that help it break down | ScienceDaily
A new type of bioplastic could help reduce the plastic industry's environmental footprint. Researchers led by the University of California San Diego have developed a biodegradable form of thermoplastic polyurethane (TPU), a soft yet durable commercial plastic used in footwear, floor mats, cushions and memory foam. It is filled with bacterial spores that, when exposed to nutrients present in compost, germinate and break down the material at the end of its life cycle.


						
The work is detailed in a paper published on April 30 in Nature Communications.

The biodegradable TPU was made with bacterial spores from a strain of Bacillus subtilis that has the ability to break down plastic polymer materials.

"It's an inherent property of these bacteria," said study co-senior author Jon Pokorski, a nanoengineering professor at the UC San Diego Jacobs School of Engineering and co-lead of the university's Materials Research Science and Engineering Center (MRSEC). "We took a few strains and evaluated their ability to use TPUs as a sole carbon source, then picked the one that grew the best."

The researchers used bacterial spores, a dormant form of bacteria, due to their resistance to harsh environmental conditions. Unlike fungal spores, which serve a reproductive role, bacterial spores have a protective protein shield that enables bacteria to survive while in a vegetative state.

To make the biodegradable plastic, the researchers fed Bacillus subtilis spores and TPU pellets into a plastic extruder. The ingredients were mixed and melted at 135 degrees Celsius, then extruded as thin strips of plastic.

To assess the material's biodegradability, the strips were placed in both microbially active and sterile compost environments. The compost setups were maintained at 37 degrees Celsius with a relative humidity ranging from 44 to 55%. Water and other nutrients in the compost triggered germination of the spores within the plastic strips, which reached 90% degradation within five months.




"What's remarkable is that our material breaks down even without the presence of additional microbes," said Pokorski. "Chances are, most of these plastics will likely not end up in microbially rich composting facilities. So this ability to self-degrade in a microbe-free environment makes our technology more versatile."

Although the researchers still need to study what gets left behind after the material degrades, they note that any lingering bacterial spores are likely harmless. Bacillus subtilis is a strain used in probiotics and is generally regarded as safe to humans and animals -- it can even be beneficial to plant health.

In this study, the bacterial spores were evolutionary engineered to survive the high temperatures necessary for TPU production. The researchers used a technique called adaptive laboratory evolution to create a strain that is resilient to extrusion temperatures. The process involves growing the spores, subjecting them to extreme temperatures for escalating periods of time, and allowing them to naturally mutate. The strains that survive this process are then isolated and put through the cycle again.

"We continually evolved the cells over and over again until we arrived at a strain that is optimized to tolerate the heat," said study co-senior author Adam Feist, a bioengineering research scientist at the UC San Diego Jacobs School of Engineering. "It's amazing how well this process of bacterial evolution and selection worked for this purpose."

The spores also serve as a strengthening filler, similar to how rebar reinforces concrete. The result is a TPU variant with enhanced mechanical properties, requiring more force to break and exhibiting greater stretchability.

"Both of these properties are greatly improved just by adding the spores," said Pokorski. "This is great because the addition of spores pushes the mechanical properties beyond known limitations where there was previously a trade off between tensile strength and stretchability."

While the current study focused on producing smaller lab-scale quantities to understand feasibility, the researchers are working on optimizing the approach for use at an industrial scale. Ongoing efforts include scaling up production to kilogram quantities, evolving the bacteria to break down plastic materials faster, and exploring other types of plastics beyond TPU.

"There are many different kinds of commercial plastics that end up in the environment -- TPU is just one of them," said Feist. "One of our next steps is to broaden the scope of biodegradable materials we can make with this technology."

This work was supported by the U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy and Advanced Manufacturing Office (DE-EE0009296), UC San Diego Materials Research Science and Engineering Center (MRSEC) and the National Science Foundation (DMR-2011924).
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NASA's Webb maps weather on planet 280 light-years away | ScienceDaily
An international team of researchers has successfully used NASA's James Webb Space Telescope to map the weather on the hot gas-giant exoplanet WASP-43 b.


						
Precise brightness measurements over a broad spectrum of mid-infrared light, combined with 3D climate models and previous observations from other telescopes, suggest the presence of thick, high clouds covering the nightside, clear skies on the dayside, and equatorial winds upwards of 5,000 miles per hour mixing atmospheric gases around the planet.

The investigation is just the latest demonstration of the exoplanet science now possible with Webb's extraordinary ability to measure temperature variations and detect atmospheric gases trillions of miles away.

Tidally Locked "Hot Jupiter"

WASP-43 b is a "hot Jupiter" type of exoplanet: similar in size to Jupiter, made primarily of hydrogen and helium, and much hotter than any of the giant planets in our own solar system. Although its star is smaller and cooler than the Sun, WASP-43 b orbits at a distance of just 1.3 million miles -- less than 1/25th the distance between Mercury and the Sun.

With such a tight orbit, the planet is tidally locked, with one side continuously illuminated and the other in permanent darkness. Although the nightside never receives any direct radiation from the star, strong eastward winds transport heat around from the dayside.

Since its discovery in 2011, WASP-43 b has been observed with numerous telescopes, including NASA's Hubble and now-retired Spitzer space telescopes.




"With Hubble, we could clearly see that there is water vapor on the dayside. Both Hubble and Spitzer suggested there might be clouds on the nightside," explained Taylor Bell, researcher from the Bay Area Environmental Research Institute and lead author of a study published today in Nature Astronomy. "But we needed more precise measurements from Webb to really begin mapping the temperature, cloud cover, winds, and more detailed atmospheric composition all the way around the planet."

Mapping Temperature and Inferring Weather

Although WASP-43 b is too small, dim, and close to its star for a telescope to see directly, its short orbital period of just 19.5 hours makes it ideal for phase curve spectroscopy, a technique that involves measuring tiny changes in brightness of the star-planet system as the planet orbits the star.

Since the amount of mid-infrared light given off by an object depends largely on how hot it is, the brightness data captured by Webb can then be used to calculate the planet's temperature.

The team used Webb's MIRI (Mid-Infrared Instrument) to measure light from the WASP-43 system every 10 seconds for more than 24 hours. "By observing over an entire orbit, we were able to calculate the temperature of different sides of the planet as they rotate into view," explained Bell. "From that, we could construct a rough map of temperature across the planet."

The measurements show that the dayside has an average temperature of nearly 2,300 degrees Fahrenheit (1,250 degrees Celsius) -- hot enough to forge iron. Meanwhile, the nightside is significantly cooler at 1,100 degrees Fahrenheit (600 degrees Celsius). The data also helps locate the hottest spot on the planet (the "hotspot"), which is shifted slightly eastward from the point that receives the most stellar radiation, where the star is highest in the planet's sky. This shift occurs because of supersonic winds, which move heated air eastward.




"The fact that we can map temperature in this way is a real testament to Webb's sensitivity and stability," said Michael Roman, a co-author from the University of Leicester in the U.K.

To interpret the map, the team used complex 3D atmospheric models like those used to understand weather and climate on Earth. The analysis shows that the nightside is probably covered in a thick, high layer of clouds that prevent some of the infrared light from escaping to space. As a result, the nightside -- while very hot -- looks dimmer and cooler than it would if there were no clouds.

Missing Methane and High Winds

The broad spectrum of mid-infrared light captured by Webb also made it possible to measure the amount of water vapor (H2O) and methane (CH4) around the planet. "Webb has given us an opportunity to figure out exactly which molecules we're seeing and put some limits on the abundances," said Joanna Barstow, a co-author from the Open University in the U.K.

The spectra show clear signs of water vapor on the nightside as well as the dayside of the planet, providing additional information about how thick the clouds are and how high they extend in the atmosphere.

Surprisingly, the data also shows a distinct lack of methane anywhere in the atmosphere. Although the dayside is too hot for methane to exist (most of the carbon should be in the form of carbon monoxide), methane should be stable and detectable on the cooler nightside.

"The fact that we don't see methane tells us that WASP-43b must have wind speeds reaching something like 5,000 miles per hour," explained Barstow. "If winds move gas around from the dayside to the nightside and back again fast enough, there isn't enough time for the expected chemical reactions to produce detectable amounts of methane on the nightside."

The team thinks that because of this wind-driven mixing, the atmospheric chemistry is the same all the way around the planet, which wasn't apparent from past work with Hubble and Spitzer.

The MIRI observation of WASP-43 b was conducted as part of the Webb Early Release Science programs, which are providing researchers with a vast set of robust, open-access data for studying a wide array of cosmic phenomena.
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Researchers identify over 2,000 genetic signals linked to blood pressure in study of over one million people | ScienceDaily
Queen Mary-led study reveals the most detailed picture yet of genetic contributors to blood pressure. The findings lead to improved polygenic risk scores, which will better predict blood pressure and risk for hypertension.


						
Researchers led by Queen Mary University of London and supported by the National Institute for Health and Care Research (NIHR) have discovered over a hundred new regions of the human genome, also known as genomic loci, that appear to influence a person's blood pressure. In total, over 2,000 independent genetic signals for blood pressure are now reported, demonstrating that blood pressure is a highly complex trait influenced by thousands of different genetic variants.

The study, published in Nature Genetics, is one of the largest such genomic studies of blood pressure to date, including data from over 1 million individuals and laying the groundwork for researchers to better understand how blood pressure is regulated.

To understand the genetics of blood pressure, the researchers combined four large datasets from genome-wide association studies (GWAS) of blood pressure and hypertension. After analysing the data, they found over 2,000 genomic loci linked to blood pressure, including 113 new regions. The analyses also implicated hundreds of previously unreported genes that affect blood pressure. Such insights could point to potential new drug targets, and help to advance precision medicine in the early detection and prevention of hypertension (high blood pressure).

From these analyses, the researchers were able to calculate polygenic risk scores, which combine the effects of all genetic variants together to predict blood pressure and risk for hypertension. For example, these risk scores show that individuals with highest genetic risk have mean systolic blood pressure levels which are ~17 mmHg higher than those with lowest genetic risk, and a 7-fold increased risk of hypertension. Therefore, these polygenic risk scores can discriminate between patients according to their hypertension risk, and reveal clinically meaningful differences in blood pressure.

"We have now revealed a much larger proportion of the genetic contribution of blood pressure than was previously known," says Helen Warren, Senior Lecturer in Statistical Genetics at Queen Mary University of London and senior last author of the study. "We are making our polygenic risk scores data publicly available. There are many different potential applications of genetic risk scores, so it will be exciting to see how our blood pressure scores can be used to address more clinically relevant questions in the future."

"This large study builds on over 18 years of blood pressure GWAS research. Our results provide new resources for understanding biological mechanisms and importantly new polygenic risk scores for early identification and stratification of people at risk for cardiovascular diseases" says Patricia Munroe, Professor of Molecular Medicine at Queen Mary University of London, also a senior author of the paper.

Polygenic risk scores have potential to serve as a useful tool in precision medicine, but more diverse genomic data is needed for them to be applicable broadly in routine health care. While the collected data was mostly from people of European ancestry (due to limited availability of diverse datasets when the study was started), the researchers found that the polygenic risk scores were also applicable to people of African ancestry, who have previously been underrepresented in genetic studies. This African ancestry result was confirmed through analysing data from the National Institute of Health's (NIH) All of Us Research Program in the USA, which aims to build one of the largest biomedical data resources and accelerate research to improve human health.

An estimated 30% of adults in the UK have high blood pressure, known as hypertension. High blood pressure often runs in families, meaning that there is a genetic component to developing the condition in addition to environmental contributions such as a high-salt diet, lack of exercise, smoking and stress. When blood pressure is consistently too high, it can damage the heart and blood vessels throughout the body, increasing a person's risk for heart disease, kidney disease, stroke and other conditions.

The study combined previously published genetic data from the UK Biobank, a large-scale biomedical database and research resource containing genetic and health information from half a million UK participants (N~450,000 individuals); the International Consortium for Blood Pressure (N~300,000 individuals combined from 77 different cohort studies); and the U.S. Department of Veterans Affairs' Million Veteran Program (N~220,000 individuals), with new data from Vanderbilt University Medical Center's biorepository, BioVU (N~50,000 individuals).
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A virus could help save billions of gallons of wastewater produced by fracking | ScienceDaily
An estimated 168 billion gallons of wastewater -- or produced water -- is generated annually by the Permian Basin fracking industry, according to a 2022 report by the Texas Produced Water Consortium. The major waste stream has proved both difficult and costly to treat because of the chemical complexity of the water.


						
In a new study published in the journal Water, researchers at The University of Texas at El Paso have identified a novel means of treating the wastewater generated by oil and gas production: bacteriophages.

Ramon Antonio Sanchez, a doctoral candidate within UTEP's chemistry program, is the first author on the publication, detailing how bacteriophages, viruses that are often highly specific and lethal to a single species of bacteria, can be used as a rapid and cost-effective method to treat produced water on an industrial scale.

Sanchez said if the work is successful, it would give the oil and gas industry a means of treating, reusing and recycling produced water, rather than the current industry practice of disposing the majority of produced water by injecting it into the ground post oil exploration.

The research focuses on two of the most prominent bacteria found within produced water across the oil and gas industry -- Pseudomonas aeruginosa and Bacillus megaterium. P. aeruginosa has the ability to corrode stainless steel and presents a challenge for the longevity of pipelines and other metal-based infrastructure, while B. megaterium, can decompose hydrocarbons -- the basis for oil.

Sanchez, along with one of his collaborators, Zacariah Hildenbrand, Ph.D., a UTEP alum, were inspired to use bacteriophages based on their applications in the medical industry, where they are used to combat infections caused by multi-drug resistant bacteria.

"Since the bacteria are living organisms, over time they developed a resistance, in the form of a less penetrable membrane, to traditional disinfectants," Sanchez explained. "But the bacteriophages, which are viruses themselves, attach to specific receptors on the surface of the host cell and evolve alongside the bacteria they are trying to infect, meaning that any resistance acquired by the bacteria triggers the modification of bacteriophages to keep the infection going."

The team's experiments with bacteriophages have been effective, achieving the inactivation of both P. aeruginosa and B. megaterium in laboratory settings. For Sanchez, who graduates this spring with his Ph.D., the work will continue in the industry where his focus will be on replicating his laboratory results out in the field. He will also try to expand the number of microorganisms that can be treated in produced water by securing a larger catalog of bacteriophages.

The team admits the approach does have its challenges. There are currently a limited amount of commercially available Bacteriophages, which is critical since bacteriophages are often highly specific to a single species of bacteria. There are also other species of bacteria in produced water that remain to be tested.
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Tsetse fly protein provides anticoagulant with its own on-off switch | ScienceDaily
Researchers at the University of Sydney and University of Geneva have developed a new anticoagulant, whose anticlotting action can be rapidly stopped 'on demand'. The result could lead to new surgical and post-operative drugs that minimise the risk of serious bleeding.


						
The research team applied a completely new method to discover the molecule. The anticoagulant combines a short protein molecule (a peptide) from a tsetse fly -- a blood-feeding insect -- with a second, synthesised peptide. The bonds holding the two peptides together can be broken on demand, providing the anticoagulant ingredient with its own on-off switch.

This new drug-discovery approach is a potential game-changer in surgery and for suppressing blood clots. It could also be applied in other fields such as immunotherapy.

The results are published today in Nature Biotechnology.

In addition to surgical applications, anticoagulant therapies are essential for managing a wide range of conditions, such as heart disease, stroke and venous thrombosis. However, current treatment options, such as heparin and warfarin, have major drawbacks, including the need for regular monitoring of blood coagulation and the risk of serious bleeding in the event of overdose.

About 15 percent of emergency hospital admissions due to adverse drug reactions are attributable to complications from anticoagulant treatments, emphasising the importance of developing new, safer and more effective therapeutic options.

Professor Rich Payne from the School of Chemistry is an NHMRC Investigator Leadership Fellow and Deputy Director of the ARC Centre of Excellence for Innovations in Peptide and Protein Science (CIPPS) and is a coauthor of the research.




He said: "What's exciting here is that we have applied a completely novel approach to drug discovery. The anticoagulant we have developed uses what we call supramolecular chemistry. This allows the two active molecules needed to suppress coagulation to self-assemble.

"The architecture also means we can apply an antidote that can quickly disassemble the joined molecules, triggering a rapid cessation of the active combination and the anticoagulant effect.

"This has never been done before in drug discovery."

Research lead, Professor Nicolas Winssinger from the Department of Organic Chemistry at the University of Geneva, said: "This result goes beyond the development of a new anticoagulant and its associated antidote. The supramolecular approach proposed is remarkably flexible and can be easily adapted to other therapeutic targets. It is particularly promising in the field of immunotherapy."

Revolution for surgery

The new anticoagulant could offer a more reliable and easier-to-use option for surgical procedures. Heparin, commonly used in this field, is a mixture of polymers of different lengths extracted from pig intestine. The use of heparin in the clinic is problematic due to the risk of serious bleeding side effects and requires coagulation tests during surgery. The new synthetic anticoagulant developed by the Geneva and Sydney team could help solve the problems of purity and availability associated with heparin.




One of the breakthroughs in this work lies in the use of a peptide nucleic acid (PNA) to link the two molecules that bind and block the action of thrombin, the enzyme that produces fibrin that makes up our blood clots.

In this case, the tsetse-fly-derived peptide molecule and a synthetic ketobenzothiazole containing peptide bind to two distinct sites on thrombin as a 'supramolecule' connected by a PNA double helical linker, similar in shape to DNA.

These two strands of PNA that make up the double helix can come together via relatively weak -- non-covalent -- bonds that can be broken when needed. The research team has shown that by introducing correctly matched strands of free PNA, it is possible to dissociate the two thrombin-binding molecules. The two free PNA strands are no longer active as anticoagulants. This is a major innovation in the field.

The tsetse fly peptide was developed in laboratories at the University of Sydney. Tests for the efficacy of the supramolecular anticoagulant were also tested at Sydney in human and mouse blood samples and also in vivo in mice.

Useful for immunotherapy

Beyond the problem of anticoagulation, this supramolecular concept of activating and deactivating the active principle could be of significant interest in the field of immunotherapy, particularly for CAR-T therapies.

Although CAR-T therapies are one of the major advances in the treatment of certain cancers in recent years, their use is associated with a significant risk of immune system storm, which can be fatal. The ability to rapidly deactivate treatment with an accessible antidote could be a crucial advance in improving the safety and efficacy of CART-T therapies.
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Trotting robots reveal emergence of animal gait transitions | ScienceDaily
With the help of a form of machine learning called deep reinforcement learning (DRL), the EPFL robot notably learned to transition from trotting to pronking -- a leaping, arch-backed gait used by animals like springbok and gazelles -- to navigate a challenging terrain with gaps ranging from 14-30cm. The study, led by the BioRobotics Laboratory in EPFL's School of Engineering, offers new insights into why and how such gait transitions occur in animals.


						
"Previous research has introduced energy efficiency and musculoskeletal injury avoidance as the two main explanations for gait transitions. More recently, biologists have argued that stability on flat terrain could be more important. But animal and robotic experiments have shown that these hypotheses are not always valid, especially on uneven ground," says PhD student Milad Shafiee, first author on a paper published in Nature Communications.

Shafiee and co-authors Guillaume Bellegarda and BioRobotics Lab head Auke Ijspeert were therefore interested in a new hypothesis for why gait transitions occur: viability, or fall avoidance. To test this hypothesis, they used DRL to train a quadruped robot to cross various terrains. On flat terrain, they found that different gaits showed different levels of robustness against random pushes, and that the robot switched from a walk to a trot to maintain viability, just as quadruped animals do when they accelerate. And when confronted with successive gaps in the experimental surface, the robot spontaneously switched from trotting to pronking to avoid falls. Moreover, viability was the only factor that was improved by such gait transitions.

"We showed that on flat terrain and challenging discrete terrain, viability leads to the emergence of gait transitions, but that energy efficiency is not necessarily improved," Shafiee explains. "It seems that energy efficiency, which was previously thought to be a driver of such transitions, may be more of a consequence. When an animal is navigating challenging terrain, it's likely that its first priority is not falling, followed by energy efficiency."

A bio-inspired learning architecture

To model locomotion control in their robot, the researchers considered the three interacting elements that drive animal movement: the brain, the spinal cord, and sensory feedback from the body. They used DRL to train a neural network to imitate the spinal cord's transmission of brain signals to the body as the robot crossed an experimental terrain. Then, the team assigned different weights to three possible learning goals: energy efficiency, force reduction, and viability. A series of computer simulations revealed that of these three goals, viability was the only one that prompted the robot to automatically -- without instruction from the scientists -- change its gait.

The team emphasizes that these observations represent the first learning-based locomotion framework in which gait transitions emerge spontaneously during the learning process, as well as the most dynamic crossing of such large consecutive gaps for a quadrupedal robot.

"Our bio-inspired learning architecture demonstrated state-of-the-art quadruped robot agility on the challenging terrain," Shafiee says.

The researchers aim to expand on their work with additional experiments that place different types of robots in a wider variety of challenging environments. In addition to further elucidating animal locomotion, they hope that ultimately, their work will enable the more widespread use of robots for biological research, reducing reliance on animal models and the associated ethics concerns.
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The double-fanged adolescence of saber-toothed cats | ScienceDaily

Though few of the recovered skulls had sabers attached, a handful exhibited a peculiar feature: the tooth socket for the saber was occupied by two teeth, with the permanent tooth slotted into a groove in the baby tooth.

Paleontologist Jack Tseng, associate professor of integrative biology at the University of California, Berkeley, doesn't think the double fangs were a fluke.

Nine years ago, he joined a few colleagues in speculating that the baby tooth helped to stabilize the permanent tooth against sideways breakage as it erupted. The researchers interpreted growth data for the saber-toothed cat to imply that the two teeth existed side by side for up to 30 months during the animal's adolescence, after which the baby tooth fell out.

In a new paper accepted for publication in the journal The Anatomical Record, Tseng provides the first evidence that the saber tooth alone would have been increasingly vulnerable to lateral breakage during eruption, but that a baby or milk tooth alongside it would have made it much more stable. The evidence consists of computer modeling of saber-tooth strength and stiffness against sideways bending, and actual testing and breaking of plastic models of saber teeth.

"This new study is a confirmation -- a physical and simulation test -- of an idea some collaborators and I published a couple of years ago: that the timing of the eruption of the sabers has been tweaked to allow a double-fang stage," said Tseng, who is a curator in the UC Museum of Paleontology. "Imagine a timeline where you have the milk canine coming out, and when they finish erupting, the permanent canine comes out and overtakes the milk canine, eventually pushing it out. What if this milk tooth, for the 30 or so months that it was inside the mouth right next to this permanent tooth, was a mechanical buttress?"

He speculates that the unusual presence of the baby canine -- one of the deciduous teeth all mammals grow and lose by adulthood -- long after the permanent saber tooth erupted protected the saber while the maturing cats learned how to hunt without damaging them. Eventually, the baby tooth would fall out and the adult would lose the saber support, presumably having learned how to be careful with its saber. Paleontologists still do not know how saber-toothed animals like Smilodon hunted prey without breaking their unwieldy sabers.




"The double-fang stage is probably worth a rethinking now that I've shown there's this potential insurance policy, this larger range of protection," he said. "It allows the equivalent of our teenagers to experiment, to take risks, essentially to learn how to be a full-grown, fully fledged predator. I think that this refines, though it doesn't solve, thinking about the growth of saber tooth use and hunting through a mechanical lens."

The study also has implications for how saber-toothed cats and other saber-toothed animals hunted as adults, presumably using their predatory skills and strong muscles to compensate for vulnerable canines.

Beam theory

Thanks to the wealth of saber-toothed cat fossils, which includes many thousands of skeletal parts in addition to skulls, unearthed from the La Brea Tar Pits, scientists know a lot more about Smilodon fatalis than about any other saber-toothed animal, even though at least five separate lineages of saber-toothed animals evolved around the world. Smilodon roamed widely across North America and into Central America, going extinct about 10,000 years ago.

Yet paleontologists are still confounded by that fact that adult animals with thin-bladed knives for canines apparently avoided breaking them frequently despite the sideways forces likely generated during biting. One study of the La Brea predator fossils found that during periods of animal scarcity, saber-toothed cats did break their teeth more often than in times of plenty, perhaps because of altered feeding strategies.

The double-fanged specimens from La Brea, which have been considered rare cases of individuals with delayed loss of the baby tooth, gave Tseng a different idea -- that they had an evolutionary purpose. To test his hypothesis, he used beam theory -- a type of engineering analysis employed widely to model structures ranging from bridges to building materials -- to model real-life saber teeth. This is combined with finite element analysis, which uses computer models to simulate the sideways forces a saber tooth could withstand before breaking.




"According to beam theory, when you bend a blade-like structure laterally sideways in the direction of their narrower dimension, they are quite a lot weaker compared to the main direction of strength," Tseng said. "Prior interpretations of how saber tooths may have hunted use this as a constraint. No matter how they use their teeth, they could not have bent them a lot in a lateral direction."

He found that while the saber's bending strength -- how much force it can withstand before breaking -- remained about the same throughout its elongation, the saber's stiffness -- its deflection under a given force -- decreased with increasing length. In essence, as the tooth got longer, it was easier to bend, increasing the chance of breakage.

By adding a supportive baby tooth in the beam theory model, however, the stiffness of the permanent saber kept pace with the bending strength, reducing the chance of breaking.

"During the time period when the permanent tooth is erupting alongside the milk one, it is around the time when you switch from maximum width to the relatively narrower width, when that tooth will be getting weaker," Tseng said. "When you add an additional width back into the beam theory equation to account for the baby saber, the overall stiffness more closely aligned with theoretical optimal."

Though not reported in the paper, he also 3D-printed resin replicas of saber teeth and tested their bending strength and stiffness on a machine designed to measure tensile strength. The results of these tests mirrored the conclusions from the computer simulations. He is hoping to 3D-print replicas from more life-like dental material to more accurately simulate the strength of real teeth.

Tseng noted that the same canine stabilization system may have evolved in other saber-toothed animals. While no examples of double fangs in other species have been found in the fossil record, some skulls have been found with adult teeth elsewhere in the jaws but milk teeth where the saber would erupt.

"What we do see is milk canines preserved on specimens with otherwise adult dentition, which suggests a prolonged retention of those milk canines while the adult tooth, the sabers, are either about to erupt or erupting," he said.

Tseng is supported by the National Science Foundation's Division of Biological infrastructure (2128146).
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Fading lights: Multiple threats to North America's firefly populations | ScienceDaily
A landmark study conducted by the University of Kentucky Martin-Gatton College of Agriculture, Food and Environment; Bucknell University; Penn State University; and the USDA has shed light onto the precarious situation facing firefly populations across North America. The study's results identified multiple factors impacting their numbers, offering a deep dive into how shifting environmental and human factors influence these iconic insects.


						
The study, published in Science of the Total Environment, "Illuminating Patterns of Firefly Abundance Using Citizen Science Data and Machine Learning Models," identified the factors likely responsible for troubling declines in firefly populations across North America. To study these population changes, the research used a mix of field surveys from citizen scientists and advanced machine learning techniques to analyze over 24,000 surveys from the Firefly Watch citizen science initiative.

Key Findings

This research marks the first comprehensive attempt to apply a data-driven approach to understanding firefly population dynamics on a continental scale. Key findings from this new study indicate that fireflies, part of the beetle order, are sensitive to various environmental factors, from short-term weather conditions to longer climatic trends, including the number of growing-degree days related to temperature accumulations.

"Subtle changes in climate patterns, especially related to temperature, are significantly impacting firefly breeding cycles and habitat quality," said Darin McNeil, study principal investigator and assistant professor of wildlife ecology and management.

Christina Grozinger, publius vergilius maro professor of entomology at Penn State University, said while scientists previously knew that urbanization, agricultural intensification and climate change can affect biodiversity, less was known about how these complex factors interact and what people can do in their own backyards, towns and cities to support biodiversity.

"In this study, we integrated large scale data sets on species abundance, land use, soil type, weather and climate using machine learning models to precisely model and predict firefly abundance patterns at the local scale across the eastern U.S.," Grozinger said. "We were very fortunate to have a multi-year citizen science data set that spanned more than 24,000 observations."

The study underscores fireflies' sensitivity to climatic variables such as temperature and precipitation. Fireflies thrive in temperate conditions, with wet and warm summers creating the ideal breeding environment and cold winters supporting the survival of immature stages like eggs, larvae and pupae.




However, as global temperatures rise, these conditions become less predictable and, often, less hospitable. Changes in precipitation patterns, another critical factor for firefly survival, have led to either overly dry conditions that reduce larval survival or excessively wet conditions that can flood breeding grounds and disrupt life cycles.

"Artificial lights at night could disrupt firefly populations, possibly affecting both adult and larval stages," McNeil said. "Firefly larvae, which live in the soil, are particularly vulnerable to changes in light exposure and artificial light could alter their developmental cycles and survival rates. Firefly larvae, which are predatory, also require moist soil conditions because the humidity supports soft-bodied invertebrates like snails and slugs that firefly larvae use as prey."

Urban growth, such as establishing impervious surfaces such as sidewalks, buildings and roads, poses a significant threat to firefly populations by invading natural habitats and decreasing available breeding areas. Light pollution from streetlights and commercial signs is particularly disruptive, as it interferes with the fireflies' bioluminescent communication essential for mating. The study indicates that fireflies are markedly less common in areas with significant nighttime light pollution.

Agriculture impact on fireflies

Certain agricultural practices also seem to contribute to the decline of fireflies. The extensive use of pesticides and herbicides has been linked to decreased firefly numbers, likely due to reduced prey availability and direct toxicity. This new study did not find a pesticide effect; in fact, certain agricultural areas supported some of the highest firefly densities, perhaps because some practices (e.g., livestock grazing) support meadow-like conditions that benefit fireflies. The study warns against increasing agricultural intensification, especially practices that reduce the organic debris and moist environments firefly larvae require to thrive.

The paper reveals that the decline in firefly populations is not uniform across all climates or regions. Some species adapted to dryer environments or those with specific breeding patterns may be less affected by certain changes, whereas others are more vulnerable. This highlights the complexity of natural ecosystems and the need for tailored conservation strategies.




The research team also made significant strides in identifying potential conservation measures to mitigate these impacts. These include reducing light pollution, preserving natural habitats and implementing wildlife-friendly agricultural practices that support fireflies.

Fireflies' importance in the environment

The decline of fireflies is more than the loss of a beloved natural spectacle; it signals broader ecological disruptions that could have cascading effects on other species and ecosystems. Fireflies play a role in the food web, serving as prey for some species and as predators for many invertebrates. Their disappearance could have unforeseen repercussions on local biodiversity.

"As the study concludes, further research is encouraged, particularly in exploring the long-term trends of firefly populations and the efficacy of various conservation strategies" McNeil said. "Moving forward, focused studies that survey particular firefly species, rather than the firefly community as a whole, will be important. This approach will be crucial in ensuring that future generations can also enjoy the natural wonder of fireflies lighting up the night sky."

"Each individual species has its own habitat requirement and things it needs to succeed," adds Bucknell University assistant professor of biology Sarah Lower, a noted firefly researcher. "With the citizen science data in this study, we're looking at fireflies in the aggregate, but we would like people in citizen science getting more training in species identification. If we can get species-level information, we can provide more specifics on species living in a particular area and how best to protect them."

To create similar data sets for other firefly species, the research team is also leveraging technology and AI to develop automated monitoring systems through an NSF funded INSECT NET graduate training program.

Individuals interested in learning more about the land use, weather and climate conditions in their locations can use Penn State's Beescape tool, which provides location-specific habitat quality scores for pollinators.

This work was funded by the Penn State Insect Biodiversity Center, Penn State's Huck Institutes of the Life Sciences and Penn State's College of Agricultural Sciences via the USDA's National Institute of Food and Agriculture and Hatch Appropriations.
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Microarray patches safe and effective for vaccinating children, trial suggests | ScienceDaily
The phase 1/2 randomized trial compared results from the measles and rubella vaccine delivered by a microarray patch, a small sticking plaster-like device with an array of microscopic projections that painlessly penetrate the skin and deliver the vaccine, or by conventional injection with a needle and syringe.


						
The trial, which involved 45 adults (18-40 years old), 120 toddlers (15-18 months old) and 120 infants (9-10 months old) in The Gambia, found giving the measles and rubella vaccine by a microarray patch induced an immune response that was as strong as the response when the vaccine was given by conventional injection.

Over 90% of infants were protected from measles and all infants were protected from rubella following a single dose of the vaccine given by the microarray patch. The measles and rubella vaccine used in the study has been given to many millions of children globally by conventional injection and is known to provide reliable protection.

The trial found no safety concerns with delivering the measles and rubella vaccine using a microarray patch.

The trial was led by researchers from the Medical Research Council (MRC) Unit The Gambia at the London School of Hygiene & Tropical Medicine (LSHTM) and supported by the US Centers for Disease Control and Prevention. The patch was developed and manufactured by Micron Biomedical Inc, who sponsored and supported all aspects of the trial. Funding came from the Bill & Melinda Gates Foundation. Results are published in The Lancet.

The researchers hope microarray patches could help to achieve the very high levels of population immunity required to control childhood diseases such as measles and rubella, with WHO recommending at least 95% two-dose measles vaccine coverage and rubella requiring 80% population immunity. Microarray patches have been determined to be the highest priority innovation for overcoming barriers to immunization in low-resource settings.

In low-resource settings microarray patches have several advantages over conventional vaccination technologies. They promise to be easier to transport and to eliminate, or vastly reduce, the need for cold storage (refrigeration) of vaccines, both major barriers to reaching remote areas across sub-Saharan Africa. Microarray patches also do not need to be administered by a medical professional and it is expected that volunteers would be able to give the vaccines after only brief training. Unlike conventional needles and syringes, the microarray patches do not risk 'needlestick' injuries which can transmit infections such as hepatitis and HIV.




In countries, such as the UK, which have well-resourced childhood vaccination programmes, but which have also experienced rapid increases in measles cases recently due to low immunization coverage, microarray patches could offer greater convenience and a pain-free alternative to conventional injections. The hope is that offering vaccinations in a patch could encourage more parents, particularly those in disadvantaged areas, to get their child vaccinated.

Professor Ed Clarke, a paediatrician who leads the Vaccines and Immunity Theme at MRC Unit The Gambia at LSHTM and co-author, said: "Although it's early days, these are extremely promising results which have generated a lot of excitement. They demonstrate for the first time that vaccines can be safely and effectively given to babies and young children using microarray patch technology. Measles vaccines are the highest priority for delivery using this approach but the delivery of other vaccines using microarray patches is also now realistic. Watch this space."

Dr Ikechukwu Adigweme, from the Vaccines and Immunity Theme at MRC Unit The Gambia at LSHTM and co-author, said: "The positive results from this study are quite gratifying to us as a team. We hope this is an important step in the march towards greater vaccine equity among disadvantaged populations."

The trial had several limitations. As it was the first trial to use microarray patches to deliver vaccine to children it had a small sample size and selected healthy adults, toddlers and infants. The researchers say larger trials of microarray patches are now being planned with broadly representative groups of children and infants to inform decisions about whether to recommend the patches for widespread use in childhood vaccination programmes.
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Long snouts protect foxes when diving headfirst in snow | ScienceDaily
When hunting for mice in winter, red and arctic fox are known to plunge headfirst at speeds of 2-4 meters per second, but their sharp noses reduce the impact force in snow and protect them from injury, according to a new Cornell University study.


						
The fundamental research sheds light on the biomechanics of the unique hunting behavior (known as mousing), advances our understanding of animal adaptations and offers insights into snow injuries people experience during snowboarding or skiing.

The study published April 29 in the Proceedings of the National Academy of Sciences.

While there have been many studies of water birds and animals such as porpoises and dolphins diving from air into water, interactions between animals and the air-snow interface have not been well-researched. Snow has fluid-like properties when light and fluffy, and solid-like properties when compacted, such as when people make snowballs.

"The fox's sharp snout doesn't significantly compress the snow, it penetrates it without much resistance," said Sunghwan Jung, the paper's corresponding author and professor of biological and environmental engineering. Jisoo Yuk, a doctoral student in Jung's lab, is the paper's first author.

In the study, the authors scanned skulls of red and arctic foxes (from the Canidae family) and lynx and puma skulls (from the Felidae family) at the American Museum of Natural History in Manhattan. They 3D-printed the skulls and attached each to a sensor that measured impact force. The skulls were then dropped into both snow and water, and the researchers entered data into computer models to compare impacts of both.

Jung and colleagues found that the foxes' sharp snouts penetrated the snow with little resistance, minimizing potential tissue damage during a headfirst dive. "Without much compression, in spite of the high-speed impact, the snow behaves like water," Jung said. But the flat Felidae snouts compressed the snow upon impact, creating a large and potentially damaging resistance.

When mousing in snow, the fox's long snout also allows it to reach its prey earlier, as mice are very sensitive to movements in their environment and can quickly escape. Other behavioral studies have shown that prior to pouncing, foxes shake their heads to listen to the rustling sounds of mice or other animals beneath the snow's surface, thereby gauging the depth of the sound source.

"This is a very dangerous process, but we haven't had reports of foxes getting injured," Jung said.

The study was funded by the National Science Foundation.
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Gemini south reveals origin of unexpected differences in giant binary stars | ScienceDaily
Using the Gemini South telescope a team of astronomers have confirmed for the first time that differences in binary stars' composition can originate from chemical variations in the cloud of stellar material from which they formed. The results help explain why stars born from the same molecular cloud can possess different chemical composition and host different planetary systems, as well as pose challenges to current stellar and planet formation models.


						
It is estimated that up to 85% of stars exist in binary star systems, some even in systems with three or more stars. These stellar pairs are born together out of the same molecular cloud from a shared abundance of chemical building blocks, so astronomers would expect to find that they have nearly identical compositions and planetary systems. However, for many binaries that isn't the case. While some proposed explanations attribute these dissimilarities to events occurring after the stars evolved, a team of astronomers have confirmed for the first time that they can actually originate from before the stars even began to form.

Led by Carlos Saffe of the Institute of Astronomical, Earth and Space Sciences (ICATE-CONICET) in Argentina, the team used the Gemini South telescope in Chile, one half of the International Gemini Observatory, supported in part by the U.S. National Science Foundation and operated by NSF NOIRLab. With the new, precise Gemini High Resolution Optical SpecTrograph (GHOST) the team studied the different wavelengths of light, or spectra, given off by a pair of giant stars, which revealed significant differences in their chemical make-up. "GHOST's extremely high-quality spectra offered unprecedented resolution," said Saffe, "allowing us to measure the stars' stellar parameters and chemical abundances with the highest possible precision." These measurements revealed that one star had higher abundances of heavy elements than the other. To disentangle the origin of this discrepancy, the team used a unique approach.

Previous studies have proposed three possible explanations for observed chemical differences between binary stars. Two of them involve processes that would occur well into the stars' evolution: atomic diffusion, or the settling of chemical elements into gradient layers depending on each star's temperature and surface gravity; and the engulfment of a small, rocky planet, which would introduce chemical variations in a star's composition.

The third possible explanation looks back at the beginning of the stars' formation, suggesting that the differences originate from primordial, or pre-existing, areas of nonuniformity within the molecular cloud. In simpler terms, if the molecular cloud has an uneven distribution of chemical elements, then stars born within that cloud will have different compositions depending on which elements were available at the location where each formed.

So far, studies have concluded that all three explanations are probable; however, these studies focused solely on main-sequence binaries. The 'main-sequence' is the stage where a star spends most of its existence, and the majority of stars in the Universe are main-sequence stars, including our Sun. Instead, Saffe and his team observed a binary consisting of two giant stars. These stars possess extremely deep and strongly turbulent external layers, or convective zones. Owing to the properties of these thick convective zones, the team was able to rule out two of the three possible explanations.

The continuous swirling of fluid within the convective zone would make it difficult for material to settle into layers, meaning giant stars are less sensitive to the effects of atomic diffusion -- ruling out the first explanation. The thick external layer also means that a planetary engulfment would not change a star's composition much since the ingested material would rapidly be diluted -- ruling out the second explanation. This leaves primordial inhomogeneities within the molecular cloud as the confirmed explanation. "This is the first time astronomers have been able to confirm that differences between binary stars begin at the earliest stages of their formation," said Saffe.




"Using the precision-measurement capabilities provided by the GHOST instrument, Gemini South is now collecting observations of stars at the end of their lives to reveal the environment in which they were born," says Martin Still, NSF program director for the International Gemini Observatory. "This gives us the ability to explore how the conditions in which stars form can influence their entire existence over millions or billions of years."

Three consequences of this study are of particular significance. First, these results offer an explanation for why astronomers see binary stars with such different planetary systems. "Different planetary systems could mean very different planets -- rocky, Earth-like, ice giants, gas giants -- that orbit their host stars at different distances and where the potential to support life might be very different," said Saffe.

Second, these results pose a crucial challenge to the concept of chemical tagging -- using chemical composition to identify stars that came from the same environment or stellar nursery -- by showing that stars with different chemical compositions can still have the same origin.

Finally, observed differences previously attributed to planetary impacts on a star's surface will need to be reviewed, as they might now be seen as having been there from the very beginning of the star's life.

"By showing for the first time that primordial differences really are present and responsible for differences between twin stars, we show that star and planet formation could be more complex than initially thought," said Saffe. "The Universe loves diversity!"
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Experimental type 1 diabetes drug shelters pancreas cells from immune system attack | ScienceDaily
Scientists at Johns Hopkins Medicine say that an experimental monoclonal antibody drug called mAb43 appears to prevent and reverse the onset of clinical type 1 diabetes in mice, and in some cases, to lengthen the animals' lifespan.


						
The drug is unique, according to the researchers, because it targets insulin-making beta cells in the pancreas directly and is designed to shield those cells from attacks by the body's own immune system cells. The drug's specificity for such cells may enable long-term use in humans with few side effects, say the researchers. Monoclonal antibodies are made by cloning, or making identical replicas of, an animal (including human) cell line.

The findings, reported online recently and in the May issue of Diabetes, raise the possibility of a new drug for type 1 diabetes, an autoimmune condition that affects about 2 million American children and adults and has no cure or means of prevention. Unlike type 2 diabetes, in which the pancreas makes too little insulin, in type 1 diabetes, the pancreas makes no insulin because the immune system attacks the pancreatic cells that make it.

The lack of insulin interferes with the body's ability to regulate blood sugar levels.

"People with type 1 diabetes face lifelong injections of insulin and many complications, including stroke and eyesight problems if the condition is not managed properly," says Dax Fu, Ph.D., associate professor of physiology at the Johns Hopkins University School of Medicine and leader of the research team.

Fu says mAb43 binds to a small protein on the surface of beta cells, which dwell in clusters called islets. The drug was designed to provide a kind of shield or cloak to hide beta cells from immune system cells that attack them as "invaders." The researchers used a mouse version of the monoclonal antibody, and will need to develop a humanized version for studies in people.

For the current study, the researchers gave 64 non-obese mice bred to develop type 1 diabetes a weekly dose of mAb43 via intravenous injection when they were 10 weeks old. After 35 weeks, all mice were non-diabetic. One of the mice developed diabetes for a period of time, but it recovered at 35 weeks, and that mouse had early signs of diabetes before the antibody was administered.




In five of the same type of diabetes-prone mice, the researchers held off giving weekly mAb43 doses until they were 14 weeks old, and then continued dosages and monitoring for up to 75 weeks. One of the five in the group developed diabetes, but no adverse events were found, say the researchers.

In the experiments in which mAb43 was given early on, the mice lived for the duration of the monitoring period of 75 weeks, compared with the control group of mice that did not receive the drug and lived about 18-40 weeks.

Next, the researchers, including postdoctoral fellows Devi Kasinathan and Zheng Guo, looked more closely at the mice that received mAb43 and used a biological marker called Ki67 to see if beta cells were multiplying in the pancreas. They said, after treatment with the antibody, immune cells retreated from beta cells, reducing the amount of inflammation in the area. In addition, beta cells slowly began reproducing.

"mAb43 in combination with insulin therapy may have the potential to gradually reduce insulin use while beta cells regenerate, ultimately eliminating the need to use insulin supplementation for glycemic control," says Kasinathan.

The research team found that mAb43 specifically bound to beta cells, which make up about 1% or 2% of pancreas cells.

Another monoclonal antibody drug, teplizumab, was approved by the U.S. Food and Drug Administration in 2022. Teplizumab binds to T cells, making them less harmful to insulin-producing beta cells. The drug has been shown to delay the onset of clinical (stage 3) type 1 diabetes by about two years, giving young children who get the disease time to mature and learn to manage lifelong insulin injections and dietary restrictions.




"It's possible that mAb43 could be used for longer than teplizumab and delay diabetes onset for a much longer time, potentially for as long as it's administered," says Fu.

"In an ongoing effort, we aim to develop a humanized version of the antibody and conduct clinical trials to test its ability to prevent type 1 diabetes, and to learn whether it has any off-target side effects," says Guo.

Other scientists who contributed to the research include Dylan Sarver, G. William Wong and Maria Golson from Johns Hopkins; Shumei Yun from the University of Maryland, Aaron Michels and Liping Yu from the University of Colorado; and Chandan Sona and Matthew Poy from Johns Hopkins All Children's Hospital.

Funding for the research was provided, in part, by the National Institutes of Health (R01DK125746, P30DK116073, R01DK110183, R01 DK135688 and RO1DK084171).
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More plants on the menu of ancient hunter-gatherers | ScienceDaily
It has long been thought that meat played an important role in the diet of hunter-gatherers before the Neolithic transition. However, due to the scarcity of well-preserved human remains from Paleolithic sites, little information exists about the dietary habits of pre-agricultural human groups. A new study challenges this notion by presenting compelling isotopic evidence of a strong preference for plants among 15,000-year-old hunter-gatherers from Morocco. This is the first time a significant amount of plant consumption has been measured for a pre-agricultural population, shedding new light on the dietary practices of ancient human societies.


						
Conducted by an international team of scientists from the Max Planck Institute for Evolutionary Anthropology (Leipzig, Germany), Geoscience et Environnement Toulouse (Toulouse, France), and the Institut National des Sciences de l'Archeologie et du Patrimoine (Rabat, Morocco), the study examines the diet of individuals associated with the Iberomaurusian culture discovered in the cave of Taforalt, Morocco. Using a comprehensive multi-isotopic approach, including zinc and strontium isotope analysis in dental enamel, carbon, nitrogen, and sulfur analysis in collagen, as well as amino acid analysis of human and faunal remains, the researchers uncovered surprising insights into ancient dietary practices.

The study's major conclusions clearly show that the diet of these hunter-gatherers included a significant proportion of plants belonging to Mediterranean species, predating the advent of agriculture in the region by several millennia. Archaeobotanical remains found at the site, such as acorns, pine nuts, and wild pulses, further support this notion. Moreover, the study suggests that plant foods were also introduced into infant diets and may have served as weaning products for this human population. This finding has significant implications, as it suggests the potential for earlier weaning practices in pre-agricultural communities compared to previously thought norms for hunter-gatherer societies.

Complex dietary practices of pre-agricultural societies

This challenges the prevailing notion of a diet heavily based on animal protein among pre-agricultural human groups and raises questions about the lack of agricultural development in North Africa at the beginning of the Holocene. Zineb Moubtahij, first author of the study, explains: "Our findings not only provide insights into the dietary practices of pre-agricultural human groups but also highlight the complexity of human subsistence strategies in different regions. Understanding these patterns is crucial to unraveling the broader story of human evolution."

Furthermore, this study is the first to use zinc isotopes preserved in enamel to determine the diet of ancient populations in Africa. North Africa is a key region for the study of human evolution and modern human dispersal. Having a tool that allows us to further explore human diet deep in time in this region will provide valuable insights into human dietary patterns and adaptability in different environments.

Moving forward, the research team hopes to explore additional Paleolithic sites in North Africa and use innovative techniques to gain a deeper understanding of ancient dietary practices and their implications for human evolution.
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Cardio-fitness cuts death and disease by nearly 20% | ScienceDaily
Running, cycling, or swimming -- if you regularly exercise, you're well on track for a long and healthy life, as groundbreaking new research from the University of South Australia finds that an increased cardio fitness level will reduce your risk of death from any cause by 11-17%.


						
Published in BJSM, the study found that for every 1-MET increase in cardiorespiratory fitness -- the amount of energy used for quiet sitting -- a person can reduce their risk of death by 11-17%, and specifically, their risk of heart disease by 18%.

Comprising 26 systematic reviews with meta-analysis representing more than 20.9 million observations from 199 unique cohort studies, it is the first study to collate all the scientific evidence that looked at the prospective link between cardiorespiratory fitness and health outcomes among adults.

Senior author, UniSA's Professor Grant Tomkinson, says that cardiorespiratory fitness is probably the most important type of fitness for good health.

"Cardiorespiratory fitness (or CRF) is your ability to perform physical activity for a long period of time like running, cycling, and swimming," Prof Tomkinson says.

"In this study we found prolonged cardiorespiratory fitness is strongly and consistently associated with all types of premature death and incident disease -- spanning heart failure, depression, diabetes, dementia and even cancer.

"We summarised the evidence linking CRF to numerous health outcomes and found that those with low levels of CRF are far more likely to die early or develop chronic conditions like heart disease later in life.




"Specifically, we found that every 1-MET increase in CRF, which is the amount of energy used when sitting quietly, reduced the risk of early death from any cause and heart failure by 11-17% and 18%, respectively.

"For most people, a 1-MET increase in CRF can be achieved through a regular aerobic exercise program.

"The message is quite simple: if you do a lot of "huff and puff" exercise, then your risk of dying early or developing diseases in the future is reduced. If you avoid exercise your health may suffer."

Chronic health conditions are an ongoing cause of poor health, disability, and premature death. In Australia, an estimated 11.6 million people (47%) have a chronic and debilitating health conditions, which contributes to two thirds of the burden of disease.

Lead author from the Public Health Agency of Canada and Adjunct Professor at UniSA, Dr Justin Lang, says the study delivers a strong message for public health that cardiorespiratory fitness is an important marker of health status.

"Clearly, cardiorespiratory fitness is as an important factor for good health. If you are already exercising, this is good news; but if you know you need to up your fitness and movement, then this is a timely reminder," Dr Lang says.

"People can make meaningful improvements through additional moderate physical activity, such as brisk walking, at least 150 minutes a week. And as they improve their fitness, their risk of death and disease will decline.

"But the onus for improvement should not just sit with the individual, it should also be routinely assessed in clinical and public health practice, so that we can support people to improve their health outcomes.

"Through regular assessment, clinicians and exercise professionals could better identify adults at greater risk of early death and initiate exercise programs aimed at increasing CRF through regular physical activity."
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Scientists develop strong yet reusable adhesive from smart materials | ScienceDaily
Scientists from Nanyang Technological University, Singapore (NTU Singapore) have developed a smart, reusable adhesive more than ten times stronger than a gecko's feet adhesion, pointing the way for development of reusable superglue and grippers capable of holding heavy weights across rough and smooth surfaces.


						
The NTU research team, led by Professor K Jimmy Hsia, found a way to maximise the adhesion of the smart adhesives by using shape-memory polymers, which can stick and detach easily when needed simply by heating them.

Writing last month in the scientific journal National Science Review, the team details their breakthrough in adhesion by designing the shape-memory polymer material in the shape of hair-like fibrils.

This smart adhesive can support extremely heavy weights, opening new possibilities for robotic grippers that allow humans to scale walls effortlessly, or climbing robots that can cling onto ceilings for survey or repair applications.

Professor Hsia, President's Chair in Mechanical Engineering, NTU School of Mechanical & Aerospace Engineering (MAE) and School of Chemistry, Chemical Engineering and Biotechnology, said: "This research is based on a fundamental understanding of the mechanisms of adhesion forces on rough surfaces. It can help us develop very strong, yet easily detachable, adhesives adaptable to rough surfaces. The technology will be very useful in adhesive grippers and climbing robots and might one day let humans climb walls like a real-life Spider-Man."

It's rubber, it's glue; it remembers its shape and clings on to you

Shape-memory polymers are materials that can hold 'memories' of their previous form and return to their original shape after they have been deformed by applying external stimuli such as heat, light or electrical current. These properties make them ideal to be used as switchable adhesives that can adapt to various surfaces.




In their testing, the researchers used a shape-memory polymer named E44 epoxy, a stiff and glass-like plastic at room temperature. Upon heating, the material turns into a soft rubber-like state that can conform and lock onto microscopic nooks and crevices. As it cools, it becomes glassy, creating extra-strong adhesive bonds due to a shape-locking effect.

When the material is reheated, it reverts to its rubbery state so it can be pulled away and easily detached from the surface it was clinging to.

The researchers found that the most effective adhesion came from designing the shape-memory polymer into an array of hair-like fibrils. Each fibril had to be carefully designed -- larger fibrils had weaker adhesion, while the smaller fibrils were hard to fabricate and prone to collapse and degradation. The sweet spot was between 0.5 mm and 3 mm in radius, pushing the limits of adhesion while retaining structural integrity.

In their experiments, the researchers found that one fibril with a 19.6 mm2 cross-section could support loads up to 1.56 kg. Every additional fibril allows for more weight to be supported. A palm-sized array of 37 fibrils weighing about 30 g can hold a weight of 60 kg -- an adult human's weight.

The research paper's first author, NTU Research Fellow Dr Linghu Changhong, said: "Our smart adhesive exemplifies how shape-memory polymers can maintain and even enhance adhesion as surface roughness increases. This overcomes the 'adhesion paradox', which scientists have been puzzling over, where there is a decrease in adhesion strength on rough surfaces despite having more surface area for molecules to adhere to. Our tests showed that adhesion strength of the polymer increases along with surface roughness when in a solid state and decreases when in the rubbery state."

Co-corresponding author Professor Gao Huajian, formerly a Distinguished University Professor from NTU's School of MAE and currently the Xinghua University Professor at Tsinghua University,said: "For practical gripping purposes, the adhesive needs to be strong enough to stick onto a surface, yet also easily detach when needed. Switching between the two modes is vital for practical applications. Stronger adhesives can support heavier loading but tend to be harder to detach -- this is what we call a 'switchability conflict'. Our research into shape-memory polymers has resulted in an adhesive that can easily harden to stick onto surfaces, and just as easily soften to detach, all the while being able to bear heavy weights including that of a human being."

Professor Hsia added: "The shape-memory polymer adhesives we designed overcome both the adhesion paradox and the switchability conflict, providing guidelines for developing stronger and more switchable adhesives adaptable to rough surfaces."




Paving the way for sticky climbing gear

Detaching the shape-memory polymer while it is attached to a surface in a glass state takes less than a minute of heating using a hair dryer to bring temperatures up to 60degC.Conversely, for attachment, it takes about three minutes for the material to cool down thoroughly and lock into place.

The temperature at which the polymer changes states can be controlled by adjusting the ratios of the components used to form the polymer. This allows the polymer to be used in extreme environments, such as hot weather conditions. In their testing, the researchers set the temperature at which the polymer detaches to 60degC, a temperature that falls outside most comfortable real-world conditions.

This ability of the material to attach and detach using only heat lets it act as a reusable superglue that does not leave behind sticky residue on walls. It can also be used as soft grippers capable of sticking onto objects with diverse surface textures and reliably holding them for extended periods.

Dr Changhong said: "At this current stage, the heating and cooling times, as well as switching temperature, restrict the number of real-world use cases. However, our findings show that reducing the wait times to mere seconds is possible, and the switching temperatures can be lowered to near body temperature, dramatically opening up application possibilities."

"The stimuli to switch the material from one state to another can also be different, such as using electrical current or light instead," he added.

Moving forward, the research team aims to reduce the cooling time required for adhesion. The team envisions that the adhesive might eventually be used in climbing equipment -- such as gloves and boots -- that will allow climbers to stick onto and scale walls. Robots could also be outfitted with the material to create wall-climbing robots, which are useful in many industries such as construction and building surveying.
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Fixin' to be flexitarian: Scrap fish and invasive species can liven up vegetables | ScienceDaily
Most of us have a tough time eating enough veggies. According to the World Economic Forum only one in 10 people in the EU are getting the five portions of fruit and vegetables a day that are recommended both for the sake of health and climate. Which is natural, according to Ole G. Mouritsen, professor emeritus of gastrophysics and culinary food innovation at the University of Copenhagen's Department of Food Science. According to Mouritsen, vegetables just don't taste all that good on their own:


						
"Most people don't change the way they eat just for the sake of the climate. To really get things going, I think that every meal needs to be prepared to satisfy our sense of taste. And, when many people have a hard time eating enough vegetables, it's because vegetables lack the sweetness and umami that we've been evolutionarily encoded to crave."

So, if we are to realize a green transition of our eating habits with diets that are far more plant-based, it might be a good idea to liven up vegetable dishes with more umami -- the basic, brothy taste typically associated with meat. Here, Professor Mouritsen believes that the sea is a low-hanging fruit. Not only does the sea abound with protein, vitamins, minerals and healthy fats, but also in much-coveted umami.

"We overlook the most readily available, and in many cases, most sustainable food sources with umami taste in them -- namely fish, seaweed, shellfish, molluscs and other seafoods. If the right species are chosen, we can use them as climate- and environmentally-friendly protein sources that are also effective umami flavourants for vegetables," says Ole G. Mouritsen.

Using math to quantify umami

In a new scientific research article, Mouritsen uses a mathematical equation to help calculate the power of umami in a wide range of seafoods and demonstrate their great taste potential.

"Umami can be plugged into a formula because we know exactly how the taste receptors in our taste buds pick up on umami at the molecular level. There is a synergistic effect when two substances, glutamate and nucleotides, are present in a food at the same time. Glutamate imparts the basic umami taste, which is then enhanced many times over by nucleotides. This synergy is reflected in the equation," says Mouritsen, whose background is in theoretical physics.




The equation looks like this: EUC = u + u x SN g(N)v(N)

EUC stands for Equivalent Umami Concentration, which is the umami concentration in a food expressed in mg/100 g.

The list of seafoods with large concentrations of umami is long. It includes everything from fish like cod and mackerel, to shellfish and molluscs like shrimp and octopus, to the roe of alaska pollock and blue mussel, to various types of seaweed and on to processed seafood products like anchovy paste and fish sauce.

"There are many possibilities. And while some people will probably debate the formula's accuracy, it doesn't matter. Whether the umami concentration in shrimp, for example, is 9,000 or 13,000 mg/100 g is not critical, as each is much greater than 30 mg/100 g, which is the taste threshold for umami," Mouritsen points out.

Working wonders with the right sauces and dressings

Only a few drops or grams of blue foods are usually needed to elevate vegetable dishes to something that satisfies our inherited umami craving.




"Fish sauce and shrimp paste are obvious choices that some may already have in their kitchens or be familiar with from Asian cuisine. You can easily make sauces, dressings and marinades with them that elevate the taste above the threshold which brings out the umami in a vegetable dish," says Ole G. Mouritsen.

While it is easy for people preparing food in their kitchens at home to take part, it is first and foremost the professionals that Ole G. Mouritsen seeks to enlist.

"I've worked with chefs who have no problem preparing dishes where there is no compromise in taste, even when only a few grams of animal protein are present. It's a question of knowledge. And as scientists, we have a duty to share our knowledge," says the professor, who adds:

"Globally, many millions of meals are prepared daily outside the home -- in canteens, hospitals, by meal delivery and recipe box services, in restaurants and in other contexts. It's the chefs, nutrition assistants and other culinary artisans who make the meals that, with the right knowledge, can move things forward."

We should be flexitarian

Professor Mouritsen believes that flexitarian diets are a more viable option than today's focus on replicating meat products using plants:

"I think we need to be more flexitarian. We need to get used to having a lot more vegetables and much less animal-derived fare on our plates. But in terms of taste, nothing should be absent. Therefore, my vision is that we add something from the animal kingdom that really boosts taste, so that we can make do with very small amounts -- but enough to provide flavours that vegetables can't," says Mouritsen. He continues:

"Here, it is obvious to use raw materials from the sea that can be sustainably made the most of. This includes species that are not overfished, species that are wasted as bycatch, or species that are not consumed by humans."

He emphasizes that it should be up to other professionals to determine which species are sustainable to use. While many fish species are overfished and a great deal of fish farming is environmentally harmful, the production of 'blue foods' sourced in marine and other aquatic environments is often far more sustainable than the production of land-based meat and plant protein, which often require large inputs of water and energy.

WHERE UMAMI COMES FROM

There are only a few instances in which animal sources can be avoided when out to produce umami without fermentation. One exception is mushrooms, the other is a range of algae -- including some of the larger seaweed species. Furthermore, umami is found in a few ripe fruits, such as tomato.

Mouritsen provides a scientific explanation for the abundance of umami in the animal kingdom:

"Just as there is a scientific reason for why plants lack umami, there is also a reason why the animal kingdom is the best supplier of umami and umami synergy. The substances that create umami are something that muscles use and are therefore absent in plants. When nucleic acids -- the substances responsible for energy in muscles -- are broken down, they produce substances called nucleotides. When these are combined with substances from proteins, such as glutamate, umami synergy is created."

SEAFOOD IS 'BRAIN FOOD'

Seafood offers yet another distinct advantage over entirely plant-based diets according to Professor Mouritsen:

"Many of the essential nutrients in seafood are not found in plants -- including vitamin B12. And one of the most important are polyunsaturated fats, which are created by algae, way down at the bottom of the food chain. Fish, shellfish and molluscs absorb these fats by eating animals that eat other animals that have eaten algae. These fats are very important for our nervous system and brain." MAKE UMAMI LIKE THE ANCIENT GREEKS

Many people know fish sauce from Asian cuisines, where it is used to endow dishes with umami. But Europe too once had a tradition of using fish sauce to impart extra flavor. Garum was used in nearly all ancient Greek and Roman dishes. It was often mixed with other ingredients, including honey. This garum was known as meligarum and consists of:
    	1 part fish sauce
    	2 parts honey
    	2 parts citrus juice

One quick use of meligarum is as a dressing or marinade for pointed cabbage or broccoli.
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T. Rex not as smart as previously claimed | ScienceDaily
Dinosaurs were as smart as reptiles but not as intelligent as monkeys, as former research suggests.


						
An international team of palaeontologists, behavioural scientists and neurologists have re-examined brain size and structure in dinosaurs and concluded they behaved more like crocodiles and lizards.

In a study published last year, it was claimed that dinosaurs like T. rex had an exceptionally high number of neurons and were substantially more intelligent than assumed. It was claimed that these high neuron counts could directly inform on intelligence, metabolism and life history, and that T. rex was rather monkey-like in some of its habits. Cultural transmission of knowledge as well as tool use were cited as examples of cognitive traits that it might have possessed.

However the new study, published today in The Anatomical Record, involving the University of Bristol's Hady George, Dr Darren Naish (University of Southampton) and led by Dr Kai Caspar (Heinrich Heine University) with Dr Cristian Gutierrez-Ibanez (University of Alberta) and Dr Grant Hurlburt (Royal Ontario Museum) takes a closer look at techniques used to predict both brain size and neuron numbers in dinosaur brains. The team found that previous assumptions about brain size in dinosaurs, and the number of neurons their brains contained, were unreliable.

The research follows decades of analysis in which palaeontologists and biologists have examined dinosaur brain size and anatomy, and used these data to infer behaviour and lifestyle. Information on dinosaur brains comes from mineral infillings of the brain cavity, termed endocasts, as well as the shapes of the cavities themselves.

The team found that their brain size had been overestimated -- especially that of the forebrain -- and thus neuron counts as well. In addition, they show that neuron count estimates are not a reliable guide to intelligence.

To reliably reconstruct the biology of long-extinct species, the team argues, researchers should look at multiple lines of evidence, including skeletal anatomy, bone histology, the behaviour of living relatives, and trace fossils. "Determining the intelligence of dinosaurs and other extinct animals is best done using many lines of evidence ranging from gross anatomy to fossil footprints instead of relying on neuron number estimates alone," explained Hady from Bristol's School of Earth Sciences.

Dr Kai Caspar explained: "We argue that it's not good practice to predict intelligence in extinct species when neuron counts reconstructed from endocasts are all we have to go on."

"Neuron counts are not good predictors of cognitive performance, and using them to predict intelligence in long-extinct species can lead to highly misleading interpretations," added Dr Ornella Bertrand (Institut Catala de Paleontologia Miquel Crusafont).

"The possibility that T. rex might have been as intelligent as a baboon is fascinating and terrifying, with the potential to reinvent our view of the past," concluded Dr Darren Naish. "But our study shows how all the data we have is against this idea. They were more like smart giant crocodiles, and that's just as fascinating."
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Probing the effects of interplanetary space on asteroid Ryugu | ScienceDaily
Samples reveal evidence of changes experienced by the surface of asteroid Ryugu, some probably due to micrometeoroid bombardment.


						
Analyzing samples retrieved from the asteroid Ryugu by the Japanese Space Agency's Hayabusa2 spacecraft has revealed new insights into the magnetic and physical bombardment environment of interplanetary space. The results of the study, carried out by Professor Yuki Kimura at Hokkaido University and co-workers at 13 other institutions in Japan, are published in the journal Nature Communications.

The investigations used electron waves penetrating the samples to reveal details of their structure and magnetic and electric properties, a technique called electron holography.

Hayabusa2 reached asteroid Ryugu on 27 June 2018, collected samples during two delicate touchdowns, and then returned the jettisoned samples to Earth in December 2020. The spacecraft is now continuing its journey through space, with plans for it to observe two other asteroids in 2029 and 2031.

One advantage of collecting samples directly from an asteroid is that it allows researchers to examine long-term effects of its exposure to the environment of space. The 'solar wind' of high energy particles from the sun and bombardment by micrometeoroids cause changes known as space-weathering. It is impossible to study these changes precisely using most of the meteorite samples that land naturally on Earth, partly due to their origin from the internal parts of an asteroid, and also due to the effects of their fiery descent through the atmosphere.

"The signatures of space weathering we have detected directly will give us a better understanding of some of the phenomena occurring in the Solar System," says Kimura. He explains that the strength of the magnetic field in the early solar system decreased as planets formed, and measuring the remnant magnetization on asteroids can reveal information about the magnetic field in the very early stages of the solar system.

Kimura adds, "In future work, our results could also help to reveal the relative ages of surfaces on airless bodies and assist in the accurate interpretation of remote sensing data obtained from these bodies."

One particularly interesting finding was that small mineral grains called framboids, composed of magnetite, a form of iron oxide, had completely lost their normal magnetic properties. The researchers suggest this was due to collision with high velocity micrometeoroids between 2 and 20 micrometers in diameter. The framboids were surrounded by thousands of metallic iron nanoparticles. Future studies of these nanoparticles will hopefully reveal insights into the magnetic field that the asteroid has experienced over long periods of time.

"Although our study is primarily for fundamental scientific interest and understanding, it could also help estimate the degree of degradation likely to be caused by space dust impacting robotic or manned spacecraft at high velocity," Kimura concludes.
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Test reveals mice think like babies | ScienceDaily

Kishore Kuchibhotla, a Johns Hopkins University neuroscientist who studies learning in humans and animals, and who has long worked with mice, wondered why rodents often performed poorly in tests when they knew how to perform well. With a simple experiment, and by acting as "a little bit of a mouse psychologist," he and his team figured it out.

"It appears that a big part of this gap between knowledge and performance is that the animal is engaging in a form of exploration -- what the animal is doing is very clever," he said. "It's hard to say animals are making hypotheses, but our view is that animals, like humans, can make hypotheses and they can test them and may use higher cognitive processes to do it."

The work, which deepens our understanding of animal cognition, and could lead to identifying the neural basis for strategizing, published in Current Biology.

Kuchibhotla's lab previously found that animals know a lot more about tasks than they demonstrate in tests. The team had two theories about what could be behind this gap. Either the mice were making mistakes because they were stressed, or they were doing something more purposeful: exploring and testing their knowledge.

To figure it out Kuchibhotla and Ziyi Zhu, a graduate student studying neuroscience, came up with a new experiment.

Mice heard two sounds. For one sound they were supposed to turn a wheel to the left. For the other sound, they'd turn the wheel to the right. When the mice performed correctly they were rewarded.




The researchers observed how upon hearing either sound over consecutive trials, the mice would turn the wheel left for a bit, then switch to turning it right, seemingly making mistakes but actually being purposeful.

"We find that when the animal is exploring, they engage in a really simple strategy, which is, 'I'm going to go left for a while, figure things out, and then I'm going to switch and go right for a while,'" Kuchibhotla said. "Mice are more strategic than some might believe."

Zhu added, "Errors during animal learning are often considered as mistakes. Our work brings new insight that not all errors are the same."

The team learned even more about the rodents' actions by taking the reward out of the equation.

When a mouse performed correctly and wasn't rewarded, it immediately doubled down on the correct response when retested.

"If the animal has an internal model of the task, the lack of reward should violate its expectation. And if that's the case, it should affect the behavior on subsequent trials. And that's exactly what we found. On subsequent trials the animal just does a lot better," Kuchibhotla said. "The animal is like, 'Hey, I was expecting to be rewarded, I wasn't, so let me test my knowledge, let me use the knowledge I have and see if it's correct.'"

If the animal didn't have an internal model of the task, there would be no expectations to violate and the mice would keep performing poorly.




"At a very early time in learning the animal has an expectation and when we violate it, it changes its strategy," Kuchibhotla said. "It was surprisingly strategic."

This mouse strategizing is comparable to how nonverbal human babies learn. Both are highly exploratory and both may test hypotheses in various ways, Kuchibhotla said.

During the experiments Kuchibhotla said he became "a little bit of a mouse psychologist" to interpret their behavior. Like working with a nonverbal infant, he and Zhu had to infer the underlying mental processes from the behavior alone.

"That's what was really fun in this project, trying to figure out what the mouse is thinking," he said. "You have to think about it from the perspective of the animal."

Next the team hopes to determine the neural basis for strategic thinking, and how those strategies might compare across different animals.
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New circuit boards can be repeatedly recycled | ScienceDaily
A recent United Nations report found that the world generated 137 billion pounds of electronic waste in 2022, an 82% increase from 2010. Yet less than a quarter of 2022's e-waste was recycled. While many things impede a sustainable afterlife for electronics, one is that we don't have systems at scale to recycle the printed circuit boards (PCBs) found in nearly all electronic devices.


						
PCBs -- which house and interconnect chips, transistors and other components -- typically consist of layers of thin glass fiber sheets coated in hard plastic and laminated together with copper. That plastic can't easily be separated from the glass, so PCBs often pile up in landfills, where their chemicals can seep into the environment. Or they're burned to extract their electronics' valuable metals like gold and copper. This burning, often undertaken in developing nations, is wasteful and can be toxic -- especially for those doing the work without proper protections.

A team led by researchers at the University of Washington developed a new PCB that performs on par with traditional materials and can be recycled repeatedly with negligible material loss. Researchers used a solvent that transforms a type of vitrimer -- a cutting-edge class of sustainable polymers -- to a jelly-like substance without damaging it, allowing the solid components to be plucked out for reuse or recycling.

The vitrimer jelly can then be repeatedly used to make new, high-quality PCBs, unlike conventional plastics that degrade significantly with each recycling. With these "vPCBs" (vitrimer printed circuit boards), researchers recovered 98% of the vitrimer and 100% of the glass fiber, as well as 91% of the solvent used for recycling.

The researchers published their findings April 26 in Nature Sustainability.

"PCBs make up a pretty large fraction of the mass and volume of electronic waste," said co-senior author Vikram Iyer, a UW assistant professor in the Paul G. Allen School of Computer Science & Engineering. "They're constructed to be fireproof and chemical-proof, which is great in terms of making them very robust. But that also makes them basically impossible to recycle. Here, we created a new material formulation that has the electrical properties comparable to conventional PCBs as well as a process to recycle them repeatedly."

Vitrimers are a class of polymers first developed in 2015. When exposed to certain conditions, such as heat above a specific temperature, their molecules can rearrange and form new bonds. This makes them both "healable" (a bent PCB could be straightened, for instance) and highly recyclable.




"On a molecular level, polymers are kind of like spaghetti noodles, which wrap and get compacted," said co-senior author Aniruddh Vashisth, a UW assistant professor in the mechanical engineering department. "But vitrimers are distinct because the molecules that make up each noodle can unlink and relink. It's almost like each piece of spaghetti is made of small Legos."

The team's process to create the vPCB deviated only slightly from those used for PCBs. Conventionally, semi-cured PCB layers are held in cool, dry conditions where they have a limited shelf life before they're laminated in a heat press. Because vitrimers can form new bonds, researchers laminated fully cured vPCB layers. The researchers found that to recycle the vPCBs they could immerse the material in an organic solvent that has a relatively low boiling point. This swelled the vPCB's plastic without damaging the glass sheets and electronic components, letting the researchers extract these for reuse.

This process allows for several paths to more sustainable, circular PCB lifecycles. Damaged circuit boards, such those with cracks or warping, can in some cases be repaired. If they aren't repaired, they can be separated from their electronic components. Those components can then be recycled or reused, while the vitrimer and glass fibers can get recycled into new vPCBs.

The team tested its vPCB for strength and electrical properties, and found that it performed comparable to the most common PCB material (FR-4). Vashisth and co-author Bichlien H. Nguyen, a principal researcher at Microsoft Research and an affiliate assistant professor in the Allen School, are now using artificial intelligence to explore new vitrimer formulations for different uses.

Producing vPCBs wouldn't entail major changes to manufacturing processes.

"The nice thing is that a lot of industries -- such as aerospace, automotive and even electronics -- already have processing set up for the sorts of two-part epoxies that we use here," said lead author Zhihan Zhang, a UW doctoral student in the Allen School.

The team analyzed the environmental impact and found recycled vPCBs could entail a 48% reduction in global warming potential and an 81% reduction in carcinogenic emissions compared to traditional PCBs. While this work presents a technology solution, the team notes that a significant hurdle to recycling vPCBs at scale would be creating systems and incentives to gather e-waste so it can be recycled.

"For real implementation of these systems, there needs to be cost parity and strong governmental regulations in place," said Nguyen. "Moving forward, we need to design and optimize materials with sustainability metrics as a first principle."

Additional co-authors include Agni K. Biswal, a UW postdoctoral scholar in the mechanical engineering department; Ankush Nandi, a UW doctoral student in the mechanical engineering department; Kali Frost, a senior applied scientist at Microsoft Research; Jake A. Smith, a senior researcher at Microsoft Research and an affiliate researcher in the Allen School; and Shwetak Patel, a UW professor in the Allen School and the electrical and computer engineering department. This research is funded by the Microsoft Climate Research Initiative, an Amazon Research Award and the Google Research Scholar Program. Zhang was supported by the UW Clean Energy Institute Graduate Fellowship.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240426165151.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Ancient Maya blessed their ballcourts | ScienceDaily
For sports fans, places like Fenway Park, Wembley Stadium or Wimbledon's Centre Court are practically hallowed ground.


						
Archaeologists at the University of Cincinnati found evidence of similar reverence at ballcourts built by the ancient Maya in Mexico.

Using environmental DNA analysis, researchers were able to identify a collection of plants used in ceremonial rituals in the ancient Maya city of Yaxnohcah. The plants, known for their religious associations and medicinal properties, were discovered beneath a plaza floor upon which a ballcourt was built.

Researchers said the ancient Maya likely made a ceremonial offering during the ballcourt's construction.

"When they erected a new building, they asked the goodwill of the gods to protect the people inhabiting it," UC Professor David Lentz said. "Some people call it an ensouling ritual, to get a blessing from and appease the gods."

The study was published in the journal PLOS ONE.

The research was carried out through Mexico's National Institute of Anthropology and History in collaboration with researchers from the University of Calgary, the Autonomous University of Campeche and the National Autonomous University of Mexico.




Researchers from 2016 to 2022 worked at Yaxnohcah in Campeche about 9 miles north of the border of Guatemala, where they excavated a small area of a ballcourt.

The ancient Maya played several ball games, including pok-a-tok, which has rules similar to soccer and basketball. Players tried to get a ball through a ring or hoop on a wall.

UC Professor Emeritus Nicholas Dunning said when buildings were expanded or repurposed, as with the ballcourt, the ancient Maya made offerings to bless the site. Archaeologists sometimes find ceramics or jewelry in these offerings along with plants of cultural significance.

"We have known for years from ethnohistorical sources that the Maya also used perishable materials in these offerings, but it is almost impossible to find them archaeologically, which is what makes this discovery using eDNA so extraordinary," Dunning said.

Ancient plant remains are rarely discovered in tropical climates, where they decompose quickly. But using environmental DNA, researchers were able to identify several types known for their ritual significance.

They discovered evidence of a morning glory called xtabentun, known for its hallucinogenic properties, lancewood, chili peppers and jool, the leaves of which were used to wrap ceremonial offerings.




Botanist and UC Associate Professor Eric Tepe said finding evidence of these plants together in the same tiny sediment sample is telling. He has studied modern plants in the same forests once traveled by the ancient Maya.

"I think the fact that these four plants which have a known cultural importance to the Maya were found in a concentrated sample tells us it was an intentional and purposeful collection under this platform," Tepe said.

Researchers noted the challenge of trying to interpret a collection of plants through the opaque lens of 2,000 years of prehistory. But Lentz said the findings help add to the story of this sophisticated culture.

Researchers believe the ancient Maya devised water filtration systems and employed conservation-minded forestry practices. But they were helpless against years-long droughts and also are believed to have deforested vast tracts for agriculture.

"We see the yin and yang of human existence in the ancient Maya," Lentz said. "To me that's why they're so fascinating."
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Using stem cell-derived heart muscle cells to advance heart regenerative therapy | ScienceDaily
Regenerative heart therapies involve transplanting cardiac muscle cells into damaged areas of the heart to recover lost function. However, the risk of arrhythmias following this procedure is reportedly high. In a recent study, researchers from Japan tested a novel approach that involves injecting 'cardiac spheroids,' cultured from human stem cells, directly into damaged ventricles. The highly positive outcomes observed in primate models highlight the potential of this strategy.


						
Cardiovascular diseases are still among the top causes of death worldwide, and especially prevalent in developed countries. Myocardial infarctions, commonly known as "heart attacks," are on the rise, resulting in a significant number of deaths each year.

Heart attacks typically kill millions of cardiac muscle cells, leaving the heart in a weakened state. Since mammals cannot regenerate cardiac muscle cells on their own, heart transplants are currently the only clinically viable option for patients suffering (or likely to suffer) heart failure. Given that full heart transplants are expensive and donors difficult to come by, it is no surprise that alternative therapies are highly sought after by the medical community.

One promising strategy that has been steadily gaining traction is using human induced pluripotent stem cells (HiPSCs) for regenerative heart therapy. Simply put, HiPSCs are cells derived from mature cells that can be effectively 'reprogrammed' into a completely different cell type, such as cardiac muscle cells (cardiomyocytes). By transplanting or injecting cardiomyocytes derived from HiPSCs into damaged areas of the heart, it is possible to recover some lost functionality. Unfortunately, studies have reported that this approach can increase the risk of arrythmias, posing a major hurdle to clinical trials.

In a recent study, a Japanese research team from Shinshu University and Keio University School of Medicine, tested a new strategy for regenerative heart therapy that involves injecting 'cardiac spheroids' derived from HiPSCs into monkeys with myocardial infarction. This study, published on April 26, 2024, in the journal Circulation, was led by Professor Yuji Shiba from the Department of Regenerative Science and Medicine, Shinshu University.

The team included Hideki Kobayashi, the first author, and Koichiro Kuwahara from the Department of Cardiovascular Medicine, Shinshu University School of Medicine, as well as Shugo Tohyama, and Keiichi Fukuda from the Department of Cardiology, Keio University School of Medicine, among others.

In their novel approach, the researchers cultivated HiPSCs in a medium that led to their differentiation into cardiomyocytes. After carefully extracting and purifying cardiac spheroids (three-dimensional clusters of cardiac cells) from the cultures, they injected approximately 6 x 107 cells into the damaged hearts of crab-eating macaques (Macaca fascicularis). They monitored the condition of the animals for twelve weeks, taking regular measurements of cardiac function. Following this, they analyzed the monkeys' hearts at the tissue level to assess whether cardiac spheroids could regenerate the damaged heart muscles.




First, the team verified the correct reprogramming of HiPSCs into cardiomyocytes. They observed, via cellular-level electrical measurements, that the cultured cells exhibited potential patterns typical of ventricular cells. The cells also responded as expected to various known drugs. Most importantly, they found that the cells abundantly expressed adhesive proteins such as connexin 43 and N-cadherin, which would promote their vascular integration into an existing heart.

Afterwards, the cells were transported from the production facility at Keio University to Shinshu University, located 230 km away. The cardiac spheroids, which were preserved at 4 degC in standard containers, withstood the four-hour journey without problem. This means that no extreme cryogenic measures would be needed when transporting the cells to clinics, which would make the proposed approach less expensive and easier to adopt.

Finally, the monkeys received injections of either cardiac spheroids or a placebo directly into the damaged heart ventricle. During the observation period, the researchers noted that arrythmias were very uncommon, with only two individuals experiencing transient tachycardia (fast pulse) in the first two weeks among the treatment group. Through echocardiography and computed tomography exams, the team confirmed that the hearts of monkeys that received treatment had better left ventricular ejection after four weeks compared to the control group, indicating a superior blood pumping capability.

Histological analysis ultimately revealed that the cardiac grafts were mature and properly connected to pre-existing existing tissue, cementing the results of previous observations. "HiPSC-derived cardiac spheroids could potentially serve as an optimal form of cardiomyocyte products for heart regeneration, given their straightforward generation process and effectiveness," remarks Assistant Professor Kobayashi. "We believe that the results of this research will help solve the major issue of ventricular arrhythmia that occurs after cell transplantation and will greatly accelerate the realization of cardiac regenerative therapy," he further adds.

Although tested in monkeys, it is worth noting that the cardiac spheroid production protocol used in this study was designed for clinical application in humans. "The favorable results obtained thus far are sufficient to provide a green light for our clinical trial, called the LAPiS trial. We are already employing the same cardiac spheroids on patients with ischemic cardiomyopathy," comments Asst. Prof. Kobayashi.

Let us all hope for a resounding success in the LAPiS trial, paving the way for expanded and effective treatment avenues for people suffering from heart problems.
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Researchers advance detection of gravitational waves to study collisions of neutron stars and black holes | ScienceDaily
Researchers at the University of Minnesota Twin Cities College of Science and Engineering co-led a new study by an international team that will improve the detection of gravitational waves -- ripples in space and time.


						
The research aims to send alerts to astronomers and astrophysicists within 30 seconds after the detection, helping to improve the understanding of neutron stars and black holes and how heavy elements, including gold and uranium, are produced.

The findings were recently published in the Proceedings of the National Academy of Sciences (PNAS).

Gravitational waves interact with spacetime by compressing it in one direction while stretching it in the perpendicular direction. That is why current state-of-the-art gravitational wave detectors are L-shaped and measure the relative lengths of the laser using interferometry, a measurement method which looks at the interference patterns produced by the combination of two light sources. Detecting gravitational waves requires measuring the length of the laser to precise measurements: equivalent to measuring the distance to the nearest star, around four light years away, down to the width of a human hair.

This research is part of the LIGO-Virgo-KAGRA (LVK) Collaboration, a network of gravitational wave interferometers across the world.

In the latest simulation campaign, data was used from previous observation periods and simulated gravitational wave signals were added to show the performance of the software and equipment upgrades. The software can detect the shape of signals, track how the signal behaves, and estimate what masses are included in the event, like neutron stars or black holes. Neutron stars are the smallest, most dense stars known to exist and are formed when massive stars explode in supernovas.

Once this software detects a gravitational wave signal, it sends out alerts to subscribers, which usually include astronomers or astrophysicists, to communicate where the signal was located in the sky. With the upgrades in this observing period, scientists are able to send alerts faster, under 30 seconds, after the detection of a gravitational wave.

"With this software, we can detect the gravitational wave from neutron star collisions that is normally too faint to see unless we know exactly where to look," said Andrew Toivonen, a Ph.D. student in the University of Minnesota Twin Cities School of Physics and Astronomy. "Detecting the gravitational waves first will help locate the collision and help astronomers and astrophysicists to complete further research."

Astronomers and astrophysicists could use this information to understand how neutron stars behave, study nuclear reactions between neutron stars and black holes colliding, and how heavy elements, including gold and uranium, are produced.

This is the fourth observing run using the Laser Interferometer Gravitational-Wave Observatory (LIGO), and it will observe through February 2025. In between the last three observing periods, scientists have made improvements to the detection of signals. After this observing run ends, researchers will continue to look at the data and make further improvements with the goal of sending out alerts even faster.
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Climate change could become the main driver of biodiversity decline by mid-century | ScienceDaily
Global biodiversity has declined between 2% and 11% during the 20th century due to land-use change alone, according to a large multi-model study published in Science. Projections show climate change could become the main driver of biodiversity decline by the mid-21st century.


						
The analysis was led by the German Centre for Integrative Biodiversity Research (iDiv) and the Martin Luther University Halle-Wittenberg (MLU) and is the largest modelling study of its kind to date. The researchers compared thirteen models for assessing the impact of land-use change and climate change on four distinct biodiversity metrics, as well as on nine ecosystem services.

GLOBAL BIODIVERSITY MAY HAVE DECLINED BY 2% TO 11% DUE TO LAND-USE CHANGE ALONE

Land-use change is considered the largest driver of biodiversity change, according to the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES). However, scientists are divided over how much biodiversity has changed in past decades. To better answer this question, the researchers modelled the impacts of land-use change on biodiversity over the 20th century. They found global biodiversity may have declined by 2% to 11% due to land-use change alone. This span covers a range of four biodiversity metrics1 calculated by seven different models.

"By including all world regions in our model, we were able to fill many blind spots and address criticism of other approaches working with fragmented and potentially biased data," says first author Prof Henrique Pereira, research group head at iDiv and MLU. "Every approach has its ups and downsides. We believe our modelling approach provides the most comprehensive estimate of biodiversity trends worldwide."

MIXED TRENDS FOR ECOSYSTEM SERVICES

Using another set of five models, the researchers also calculated the simultaneous impact of land-use change on so-called ecosystem services, i.e., the benefits nature provides to humans. In the past century, they found a massive increase in provisioning ecosystem services, like food and timber production. By contrast, regulating ecosystem services, like pollination, nitrogen retention, or carbon sequestration, moderately declined.




CLIMATE AND LAND-USE CHANGE COMBINED MIGHT LEAD TO BIODIVERSITY LOSS IN ALL WORLD REGIONS

The researchers also examined how biodiversity and ecosystem services might evolve in the future. For these projections, they added climate change as a growing driver of biodiversity change to their calculations.

Climate change stands to put additional strain on biodiversity and ecosystem services, according to the findings. While land-use change remains relevant, climate change could become the most important driver of biodiversity loss by mid-century. The researchers assessed three widely-used scenarios -- from a sustainable development to a high emissions scenario. For all scenarios, the impacts of land-use change and climate change combined result in biodiversity loss in all world regions.

While the overall downward trend is consistent, there are considerable variations across world regions, models, and scenarios.

PROJECTIONS ARE NOT PREDICTIONS

"The purpose of long-term scenarios is not to predict what will happen," says co-author Dr Ines Martins from the University of York. "Rather, it is to understand alternatives, and therefore avoid these trajectories, which might be least desirable, and select those that have positive outcomes. Trajectories depend on the policies we choose, and these decisions are made day by day." Martins co-led the model analyses and is an alumna of iDiv and MLU.




The authors also note that even the most sustainable scenario assessed does not deploy all the policies that could be put in place to protect biodiversity in the coming decades. For instance, bioenergy deployment, one key component of the sustainability scenario, can contribute to mitigating climate change, but can simultaneously reduce species habitats. In contrast, measures to increase the effectiveness and coverage of protected areas or large-scale rewilding were not explored in any of the scenarios

MODELS HELP IDENTIFY EFFECTIVE POLICIES

Assessing the impacts of concrete policies on biodiversity helps identify those policies most effective for safeguarding and promoting biodiversity and ecosystem services, according to the researchers. "There are modelling uncertainties, for sure," Pereira adds. "Still, our findings clearly show that current policies are insufficient to meet international biodiversity goals. We need renewed efforts to make progress against one of the world's largest problems, which is human-caused biodiversity change."

1global species richness, local species richness, mean species habitat extent, biodiversity intactness
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Food in sight? The liver is ready! | ScienceDaily
What happens in the body when we are hungry and see and smell food? A team of researchers at the Max Planck Institute for Metabolism Research has now been able to show in mice that adaptations in the liver mitochondria take place after only a few minutes. Stimulated by the activation of a group of nerve cells in the brain, the mitochondria of the liver cells change and prepare the liver for the adaptation of the sugar metabolism. The findings, published in the journal Science, could open up new avenues for the treatment of type 2 diabetes.


						
The researchers fed hungry mice that could only see and smell the food without eating it. After just a few minutes, the researchers analysed the mitochondria in the liver and found that processes normally stimulated by food intake were activated.

Mitochondria in the liver get ready

The studies show that it is sufficient for the mice to see and smell food for a few minutes to influence the mitochondria in the liver cells. This is mediated by a previously uncharacterised phosphorylation in a mitochondrial protein. Phosphorylation is an important modification for the regulation of protein activity. The researchers also show that this phosphorylation affects the sensitivity of the liver to insulin. The researchers have thus discovered a new signalling pathway that regulates insulin sensitivity in the body.

Nerve cells in the hypothalamus

The effect on the liver is mediated by a group of nerve cells called POMC neurons. These neurons are activated within seconds by the sight and smell of food, signalling the liver to prepare for the incoming nutrients. The researchers also showed that the activation of POMC neurons alone is sufficient to adapt the mitochondria in the liver, even in the absence of food.

"When our senses detect food, our body prepares for food intake by producing saliva and digestive acid. We knew from previous studies that the liver also prepares for food intake. Now we have taken a closer look at the mitochondria in liver cells, because they are essential cell organelles for metabolism and energy production, and realised how surprisingly fast this adaptation takes place," explains Sinika Henschke, first author of the study. Jens Bruning, head of the study and director at the Max Planck Institute for Metabolism Research: "Our study shows how closely the sensory perception of food, adaptive processes in the mitochondria and insulin sensitivity are linked. Understanding these mechanisms is also important because insulin sensitivity is impaired in type 2 diabetes mellitus."

Jens Bruning is also a research group leader at the CECAD Cluster of Excellence in Ageing Research at the University of Cologne and Director of the Department of Endocrinology, Diabetology and Preventive Medicine at Cologne University Hospital.
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        Gene signatures from tissue-resident T cells as a predictive tool for melanoma patients
        A new study has revealed an association between favorable survival outcomes for melanoma patients and the presence of higher populations of tissue-resident memory T cells (TRM). Data obtained from this study could be used not only for a TRM-based machine learning model with predictive powers for melanoma prognosis but could also elucidate the role TRM cells can play in the tumor immune microenvironment. This could guide the development of more effective and personalized anti-tumor immunotherapeut...

      

      
        Scientists identify new treatment target for leading cause of blindness
        Scientists report that a gene previously implicated in the development of atherosclerotic lesions in coronary arteries could be key to understanding why many people don't benefit from the most used therapy for neovascular age-related macular degeneration (AMD), a leading cause of blindness.

      

      
        Medical school scientist creates therapy to kill hypervirulent bacteria
        Researchers are on a mission to kill drug-resistant bacteria, and a new study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.Researchers have shown that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pne...

      

      
        Microneedles and suction cup for blood diagnostics, modeled on leeches
        A new device for taking blood samples uses microneedles and a suction cup instead of a large needle. People with a phobia of needles stand to benefit. More blood can be obtained than with the classic finger prick, making diagnostic measurements more reliable. Because the device can be produced at low cost, it is also suitable for developing countries.

      

      
        Therapy to kill hypervirulent bacteria developed
        A study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics. Scientists showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include ...

      

      
        Research breakthrough on birth defect affecting brain size
        A team has identified a molecular cellular mechanism that is linked to microencephaly, a condition in which a baby's head is much smaller than expected.

      

      
        Identifying risks of human flea infestations in plague-endemic areas of Madagascar
        Researchers uncover why some homes in rural Madagascar where bubonic plague is endemic are infested with fleas. Based on their findings, they recommend ways to reduce the flea populations and their impact on human health.

      

      
        Time-restricted eating and high-intensity exercise might work together to improve health
        Combining time-restricted eating with high-intensity functional training may improve body composition and cardiometabolic parameters more than either alone, according to new research.

      

      
        Brain imaging study reveals connections critical to human consciousness
        A new study involved high-resolution scans that enabled the researchers to visualize brain connections at submillimeter spatial resolution. Together, these pathways form a 'default ascending arousal network' that sustains wakefulness in the resting, conscious human brain.

      

      
        Sleep resets brain connections -- but only for first few hours
        During sleep, the brain weakens the new connections between neurons that had been forged while awake -- but only during the first half of a night's sleep, according to a new study.

      

      
        Scientists identify new brain circuit in mice that controls body's inflammatory reactions
        The brain can direct the immune system to an unexpected degree, capable of detecting, ramping up and tamping down inflammation, shows a new study in mice.

      

      
        Biomarkers in blood to predict liver cancer
        Early detection has the potential to transform treatment and outcomes in cancer care, especially for cancers like liver cancer, which is typically diagnosed at a late stage with limited options for cure. A new study suggests that proteins detectable in the blood could improve predictions about risk of liver cancer years before typical diagnosis.

      

      
        Social-media break has huge impact on young women's body image, study finds
        There's a large and growing body of evidence pointing to potentially negative impacts of social media on mental health, from its addictive nature to disruptions in sleep patterns to effects on body image. Now, a new study has found that young women who took a social media break for as little as one week had a significant boost in self-esteem and body image -- particularly those most vulnerable to thin-ideal internalization.

      

      
        Understanding youth nicotine use to prevent initiation and escalation
        Using multiple nicotine products can be associated with higher levels of nicotine dependence among youth and increased mortality in adults, compared with the use of one product alone. Researchers have now uncovered factors that contribute to adolescents using multiple nicotine products. These findings, they say, will help inform efforts to prevent escalation from single to multiple product use.

      

      
        Cell contractions drive the initial shaping of human embryos
        Human embryo compaction, an essential step in the first days of an embryo's development, is driven by the contractility of its cells. These results contradict the presupposed driving role of cell adhesion in this phenomenon and pave the way for improved assisted reproductive technology (ART).

      

      
        New mRNA cancer vaccine triggers fierce immune response to fight malignant brain tumor
        An mRNA cancer vaccine quickly reprogrammed the immune system to attack the most aggressive type of brain tumor in a first-ever human clinical trial.

      

      
        Father's gut microbes affect the next generation
        Researchers changed the composition of the gut microbiota in male mice through common antibiotics, inducing a condition called dysbiosis, and found that: - Mouse pups sired by a dysbiotic father show significantly lower birth weight, and have increased risk of growth disorders and postnatal mortality.

      

      
        Researchers identify causal genetic variant linked to common childhood obesity
        Researchers have identified a causal genetic variant strongly associated with childhood obesity. The study provides new insight into the importance of the hypothalamus of the brain and its role in common childhood obesity and the target gene may serve as a druggable target for future therapeutic interventions.

      

      
        Scientists work out the effects of exercise at the cellular level
        The health benefits of exercise are well known but new research shows that the body's response to exercise is more complex and far-reaching than previously thought. In a study on rats, a team of scientists has found that physical activity causes many cellular and molecular changes in all 19 of the organs they studied in the animals.

      

      
        Nutrient research reveals pathway for treating brain disorders
        The team discovered that an essential nutrient called choline is transported into the brain, across the blood-brain barrier, by a protein transporter called FLVCR2. This is discovery will inform future design of drugs for diseases such as Alzheimer's and stroke, mimicking choline so they can be smuggled into the brain.

      

      
        Losing keys and everyday items 'not always sign of poor memory'
        The mysteries of how memory works are explained in a new book that suggests anyone can boost their powers of recall -- and that losing your keys is normal.

      

      
        Virtual reality environment for teens may offer an accessible, affordable way to reduce stress
        Working with teens, researchers designed RESeT: a snowy virtual world with six activities intended to improve mood. In a 3-week study of 44 teens, researchers found that most of the teens used the technology about twice a week without being prompted and reported lower stress levels after using the environment.

      

      
        Clogged arteries worsened by cells that behave like cancer cells
        Researchers have found that cells inside clogged arteries have cancer-like properties that aggravate atherosclerosis, and anticancer drugs could be a new treatment.

      

      
        Life expectancy in two disadvantaged areas higher than expected
        Better than expected life expectancy in two disadvantaged areas in England is probably due to population change according to local residents and professionals. In the UK, people from the most disadvantaged areas can expect to die nine years earlier compared with people from the least disadvantaged areas while people in the north of England have lower life expectancy, higher infant mortality and worse health and wellbeing compared with national averages.

      

      
        Women are 40% more likely to experience depression during the perimenopause
        Women are 40% more likely to experience depression in the perimenopause than those who aren't experiencing any menopausal symptoms, finds a new study.

      

      
        Every breath you take: Study models the journey of inhaled plastic particle pollution
        With recent studies having established the presence of nano and microplastic particles in the respiratory systems of both human and bird populations, new research has modeled what happens when people breathe in different kinds of plastic particles and where they end up.

      

      
        One-two punch treatment delivers blood cancer knockout
        A novel combination of two cancer drugs has shown great potential as a future treatment for patients with acute myeloid leukaemia (AML), one of the most common types of blood cancers. A new study has revealed the combination of two existing drugs eradicated AML cancer cells in lab-based tests. The discovery could soon lead to clinical trials.

      

      
        Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows
        The body clock has a significant impact on the performance of NBA players. Data shows vastly better win ratio for home teams from the Western Time Zone Area (PDT) when playing an EDT team, compared to vice versa.

      

      
        Discovery of an atypical heat shock factor, HSF5, involved in meiotic mechanisms: Implications for male infertility
        Researchers have identified a novel Heat Shock Factor (HSF), designated as HSF5, which plays a crucial role in the completion of meiosis and the activation of genes essential for sperm formation. This discovery provides valuable insights into underlying causes of spermatogenic failure, the major contributor to male infertility. Furthermore, unlike other typical Heat Shock Factors, which primarily regulate gene expression in response to stress, such as heat shock, HSF5 plays a specific role in mal...

      

      
        A blood test for stroke risk? Biomarker for risk of future cerebrovascular disease
        A simple blood test could allow doctors to determine whether a person may be at higher risk for stroke or cognitive decline during their lifetime, according to a new study.

      

      
        Brief anger may impair blood vessel function
        When adults became angry after remembering past experiences, the function of cells lining the blood vessels was negatively impaired, which may restrict blood flow, according to a new study. Previous research has found that this may increase the risk of heart disease and stroke. In this study, episodes of anxiety and sadness did not trigger the same change in functioning of the blood vessel lining.

      

      
        Activity in a room stirs up nanoparticles left over from consumer sprays
        Common household products containing nanoparticles -- grains of engineered material so miniscule they are invisible to the eye -- could be contributing to a new form of indoor air pollution, according to a new study.

      

      
        An electrifying discovery may help doctors deliver more effective gene therapies
        In an effort to improve delivery of costly medical treatments, a team of researchers in electrical engineering has developed a stimulating method that could make the human body more receptive to certain gene therapies.

      

      
        Breakthrough in complex pain management
        Complex Regional Pain Syndrome (CRPS) is a chronic and debilitating pain disorder, typically considered lifelong with limited treatment options. Now, groundbreaking research finds that early detection and effective treatment can lead to significant recovery within 18 months, offering hope to millions of people worldwide.

      

      
        Is it time to retire the best-before date?
        The inventors of a suite of tests that enable food packages to signal if their contents are contaminated are working to bring producers and regulators together to get their inventions into commercial products, with the goal of preventing illness and reducing food waste.

      

      
        Student links worm behavior to brain disease
        An undergraduate student turns her honor's thesis into a peer-reviewed publication on schizophrenia research.

      

      
        Uncovering the secret of long-lived stem cells
        Researchers have discovered that the enzyme cyclophilin A, which is produced in large amounts in hematopoietic stem cells, is key for these cells to retain their regenerative potential and avert the effects of aging via an unexpected mechanism.

      

      
        Researchers reveal a new approach for treating degenerative diseases
        Proteins are the workhorses of life. Organisms use them as building blocks, receptors, processors, couriers and catalysts. A protein's structure is critical to its function. Malformed proteins not only fail to carry out their tasks, they can accumulate and eventually gum up the inner workings of cells. As a result, misfolded proteins cause a variety of degenerative diseases, from Alzheimer's and Parkinson's to the blinding disease retinitis pigmentosa. These disorders are currently incurable.

      

      
        Potential drivers of chronic allergic inflammation
        A research team embarked on a quest to understand the diversity and cellular mechanisms of human Th2 cells. By conducting gene expression analyses of inflamed tissues, they pinpointed a subset of Th2 cells called Th2-MPP cells. Their findings suggested that these cells might serve as precursors to several crucial Th2 cell populations responsible for disease symptoms. These discoveries lay the groundwork for therapeutic interventions targeting these cells, potentially offering relief to patients l...

      

      
        New and improved way to grow the cells that give rise to the kidney's filtration system
        Scientists report significant progress in cultivating nephron progenitor cells (NPCs), the cells destined to form the kidney's filtration system, the nephrons. NPCs hold immense promise for understanding kidney development, modeling diseases, and discovering new treatments. The team improved the chemical cocktail for generating and growing NPCs in the laboratory, enabling the sustained growth of both mouse and human NPCs in a simple 2-dimensional format.

      

      
        Loneliness grows as we age
        Loneliness in adulthood follows a U-shaped pattern: it's higher in younger and older adulthood, and lowest during middle adulthood, reports a new study that examined nine longitudinal studies from around the world. The study also identified several risk factors for heightened loneliness across the whole lifespan, including social isolation, education and physical impairment.

      

      
        An omega-6 fatty acid may reduce the risk for bipolar disorder
        A genetic propensity to higher circulating levels of lipids containing arachidonic acid, an omega-6 polyunsaturated fatty acid found in eggs, poultry, and seafood, has been found to be linked with a lower risk for bipolar disorder. This new evidence paves the way for potential lifestyle or dietary interventions.

      

      
        Clumps of this molecule inhibit strep's DNA-cleaving enzymes
        An entirely new approach to inhibiting DNA-cleaving enzymes works through the aggregation of an otherwise non-toxic molecule. This discovery may lead to a much-needed method for curbing Streptococcus growth.

      

      
        Regulating cholesterol levels might be the key to improving cancer treatment
        Researchers have identified a mechanism that can improve current immunotherapies by regulating cholesterol levels. The study shows the potential of manipulating cholesterol levels in future treatment strategies for cancer and other illnesses.

      

      
        A new anticoagulant with no risk of bleeding
        Anticoagulant treatments are crucial for managing many conditions, such as heart disease, stroke and venous thrombosis. Current options, however, carry an inherent risk of serious bleeding due to trauma or unforeseen events. A team has developed a new anticoagulant, designed to have an on-demand reversible activity, with a fast-acting 'antidote'. This approach could revolutionize the use of anticoagulants in surgery or other applications. The mechanism of activation and deactivation of the active...

      

      
        Researchers identify over 2,000 genetic signals linked to blood pressure in study of over one million people
        Researchers have discovered over a hundred new regions of the human genome, also known as genomic loci, that appear to influence a person's blood pressure. In total, over 2,000 independent genetic signals for blood pressure are now reported, demonstrating that blood pressure is a highly complex trait influenced by thousands of different genetic variants.

      

      
        Scientists find cancer-like features in atherosclerosis, spurring opportunity for new treatment approaches
        Researchers have discovered that the smooth muscle cells that line the arteries of people with atherosclerosis can change into new cell types and develop traits similar to cancer that worsen the disease. Atherosclerosis is characterized by a narrowing of arterial walls and can increase risk of coronary artery disease, stroke, peripheral artery disease, or kidney disorders. The findings could pave the way for the use of anti-cancer drugs to counteract the tumor-like mechanisms driving the buildup ...

      

      
        Researchers target neurogenesis in new approach to treat Parkinson's disease
        Researchers have found a way to better control the preclinical generation of key neurons depleted in Parkinson's disease, pointing toward a new approach for a disease with no cure and few effective treatments.

      

      
        Tsetse fly protein provides anticoagulant with its own on-off switch
        A completely novel way to develop 'surpamolecules' for drug discovery could have application in immunotherapy as well as this breakthrough design for an anticoagulant with on-demand reversibility.

      

      
        Childcare pick-up: A 1-hour window to build healthier eating habits
        After-care food and drink accounted for about 22% of the day's added sugar and about one-third of the sweet and salty snack foods the children ate, according to a new study.
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Gene signatures from tissue-resident T cells as a predictive tool for melanoma patients | ScienceDaily
An extensive analytical study conducted at the Terasaki Institute for Biomedical Innovation (TIBI) has revealed an association between favorable survival outcomes for melanoma patients and the presence of higher populations of tissue-resident memory T cells (TRM). Data obtained from this study could be used not only for a TRM-based machine learning model with predictive powers for melanoma prognosis but could also elucidate the role TRM cells can play in the tumor immune microenvironment. This could guide the development of more effective and personalized anti-tumor immunotherapeutic treatment regimens for cancer patients.


						
The tumor immune microenvironment (TIME) refers to the complex and dynamic interplay between tumor cells, various immune cells, and other cellular and non-cellular components within and surrounding the tumor.

TRM cells are a unique type of immune cells that reside in peripheral tissues and many kinds of cancer types.

Because of the presence and functional properties of TRM cells within the TIME in harnessing their potential for cancer immunotherapy, there has been much interest in studying TRM cells and how they influence patient survival. Key to this understanding is to establish whether the presence and abundance of TRM cells in cancer patients correlate with better patient prognosis. Previous studies conducted with melanoma patients have produced conflicting results. There has also been little effort to conduct a comprehensive study to evaluate the TRM abundance and correlate immunomics data with patient survival outcomes.

The TIBI team sought to solve this problem by turning to data from single-cell RNA sequencing (scRNA-seq), a powerful technology that allows one to obtain a complete genetic profile of large numbers of individual cells. Instead of using a limited number of a cell's identifying marker genes, utilizing the scRNA-seq technology provides a more comprehensive, accurate, and nuanced way of characterizing a cell's type and function. From this profile, gene signatures can be generated- uniquely characteristic patterns of a specific immune cell type that can possibly be correlated with the presence of disease.

As described in their recent paper in iScience, the team used this approach on two independent cohorts of melanoma patients' scRNA-seq data and were able to extract 11 distinct gene signatures that highly correlated with TRM abundance in the patients. A solid association was also found between these gene signatures and patient survival outcomes.

Further studies revealed additional positive correlations between TRM abundance and the presence of multiple anti-tumor immune cells in the melanoma TIME, as well as with immune pathways and regulatory genes, suggesting that TRM cells have a crucial role in immunomodulation. The studies also indicated that an abundance of TRM cells results in a more active melanoma TIME and better patient outcomes.




Finally, the TIBI researchers could use the data from their analysis to create a high-precision TRM-derived risk scoring system to classify patients into high- and low-risk prognostic categories for melanoma patients.

"Our scientists' analytical approach and discoveries about the role that TRM cells play may help to refine and more accurately assess cancer patients' response to immunotherapeutic drugs," said Ali Khademhosseini, TIBI's Director and CEO. "As treatments can have profoundly variable effects on individual cancer patients, this is an important step toward improving patient outcome."

Authors: Chongming Jiang, Cheng-Chi Chao, Jianrong Li, Xin Ge, Aidan Shen, Vadim Jucaud, Chao Cheng, and Xiling Shen

Grant Information: This work is supported by the National Institutes of Health, USA (NIH) R01 DK119795 and R35 GM122465. This work is was also funded by the Cancer Prevention Research Institute of Texas (CPRIT) (RR180061).
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Scientists identify new treatment target for leading cause of blindness | ScienceDaily
Medical College of Georgia scientists report that a gene previously implicated in the development of atherosclerotic lesions in coronary arteries could be key to understanding why many people don't benefit from the most used therapy for neovascular age-related macular degeneration (AMD), a leading cause of blindness.


						
AMD is a condition characterized by abnormal blood vessel growth in the back of the eye. It is highly prevalent in the elderly and people with diabetes, obesity, and many other chronic metabolic diseases. Excessive vascular growth damages the macula, the part of the eye that translates light into image signals.

Anti-VEGF therapy, which blocks vascular endothelial growth factor and keeps excessive blood vessel growth at bay, is usually the first line of defense.

But that treatment only works well for around a third of patients suffering from this form of AMD, says Dr. Yuqing Huo, MD, PhD, the Director of the Vascular Inflammation Program at MCG's Vascular Biology Center. "The reason is that the excess vasculature is often accompanied by the growth of fibroblast cells," he says.

Collagen and many other proteins produced by these fibroblast cells accumulate outside of the vascular cells and eventually lead to fibrosis or scarring in the eye. This keeps the excess vasculature from being suppressed by anti-VEGF treatments. "We show, for the first time in this study, that many fibroblast cells are actually produced by these excessive endothelial cells. We must find a way to prevent this from happening," Huo says.

He and his team believe the answer lies in targeting the adenosine receptor 2A (Adora2a) -- a G-protein-coupled adenosine receptor found in high levels in the brain, immune cells, and blood vessels. Adora2a has been reported to be crucial in modulating inflammation, myocardial oxygen consumption, and coronary blood flow. Adenosine, a metabolite produced by cells under conditions of stress, injuries, and lack of oxygen, can activate Adora2a to protect our body from injury.

But in excess, adenosine can lead to excessive blood vessel growth. In their current research, Huo and his colleagues found a high-level or persistent adenosine-activated Adora2a signal could transform endothelial cells, the luminal cells of the vasculature, into activated fibroblast cells and, eventually, cause fibrosis. Huo and his colleagues hypothesize that blocking this receptor can prevent that from happening.




Using genetically engineered mice that develop fibrosis in the backs of their eyes, researchers delivered an Adora2a agonist (KW6002), which binds to the receptor and blocks its function. "We also studied mice that had Adora2a removed from only the vascular endothelial cells," says Qiuhua Yang, PhD, a postdoctoral fellow with Huo and the first author on this study. "All of these mice demonstrated decreased fibrosis in the eye." These novel findings were reported and recently selected as the cover image for Science Translational Medicine.

"We have previously demonstrated that blocking Adora2a can reduce excessive blood vessel growth, which happens in the early stages of AMD," says Yongfeng Cai, PhD, a postdoctoral fellow in Huo's lab and a member of the research team. They now have an eye toward generating an antibody that could recognize Adora2A.

"The antibody could be delivered via an injection to the back of the eyes, an approach often used in eye clinics, to block the activation of adenosine to Adora2A," Huo says. "An antibody could really block both excessive blood vessel growth, the early stage of AMD, and fibrosis, the late stage of AMD. Our findings indicate that blocking Adora2a can certainly target multiple stages of this disease, which might be much more efficient than current treatments."

This research was supported by a National Institutes of Health K99 award to Dr. Qiuhua Yang and funds from the National Eye Institute.
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Medical school scientist creates therapy to kill hypervirulent bacteria | ScienceDaily
University of Central Florida College of Medicine researcher Renee Fleeman is on a mission to kill drug-resistant bacteria, and her latest study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.


						
In a study published recently in Cell Reports Physical Science, Fleeman showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include seniors and patients with other health problems such as diabetes, cancer, kidney failure and liver disease. However, younger adults and people without additional health problems can acquire urinary tract and wound infections from the bacteria that cannot be treated by antibiotics available today.

The CDC reports that antibiotic resistant bacteria are a growing global health threat. A 2019 study found that nearly 5 million people died worldwide that year from drug-resistant infections. A large portion of those deaths are attributable to K. pneumoniae because it has a 50% death rate without antibiotic therapy.

These bacteria are more resistant to drugs when they live in a biofilm -- microorganisms that stick together and are embedded in a protective slime. Recent studies have shown that 60-80% of infections are associated with bacteria biofilms, which increase their drug resistance.

"It's Iike a coat that bacteria put around itself," Fleeman says.

Her research is examining ways to remove the protective coat and expose the bacteria so it can be killed by the body's immune system or antibiotics that currently cannot pass through the biofilm. Through that research, Fleeman discovered how the peptides made by cows can quickly kill K. pneumoniae.

She determined that the peptides interact with sugar connections that keep the slime intact. She likened the process to cutting into a chain-linked fence. Once multiple chains are cut, the integrity of the slime structure is damaged, and the peptide can enter and destroy the bacteria that are no longer protected.




"Our research has shown polyproline peptide can penetrate and begin to break the slime barrier down in as little as an hour after treatment," says Fleeman.

The peptide has another advantage -- once it breaks through the protective slime barrier, tests showed it killed the bacteria better than antibiotics used as a last resort to treat incurable infections. Peptides kill the bacteria by punching holes in their cell membrane, causing death quickly compared to other antibiotics that inhibit growth from inside the cell.

The peptide could also be used as a topical treatment for a wide range of uses, especially for the military, to treat open wounds in the field. "Bacteria divide every 30 minutes, so you have to act fast," Fleeman says.

The next phase of her research will seek to understand the biology behind the peptide's efficacy and if combinations of other drugs would aid in its application.

Her research is funded through a three-year National Institutes of Health funding Pathway to Independence R00 grant and is in its second year. Her study initially started as a K99 award at University of Texas at Austin, where she worked before joining UCF in September of 2022.

Fleeman says research into resistant infections must continue because they pose such a threat to health.

"It is estimated that by 2050, antibiotic resistant bacterial infections will be the number one cause of human deaths," she says. "Our work is focused on preparing for this post-antibiotic era battle, where common antibiotics that we take for granted will no longer be effective, jeopardizing cancer therapy, organ transplants, and any modern medical advancement that relies on effective antibiotic therapies."
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Microneedles and suction cup for blood diagnostics, modeled on leeches | ScienceDaily
Many people are afraid of needles, and having a doctor take a blood sample from their arm makes them uncomfortable. There is an alternative: a prick to the fingertip or earlobe. But for many laboratory tests, the drop of blood that can be obtained from these places is not enough. Above all, however, tests done with them are often inaccurate: laboratory values fluctuate from measurement to measurement.


						
Researchers at ETH Zurich have now developed a new device for taking blood samples. It works according to the leech principle and is less invasive than taking blood from the arm with a needle. It is also easy to handle and can be used by people without medical training. Although the new device cannot collect as much blood as a needle, it can collect significantly more than a finger prick. This makes diagnostic measurements more reliable.

Low risk of injury

The ETH researchers came up with the idea for the new device while previously developing something else: a suction cup that transports medication into the blood via the mucous membrane lining the inside of the mouth. "For this earlier project, we had already studied leeches, which attach to their host with a sucker. We realised that we could develop a similar system to collect blood," says David Klein, a doctoral student in the group led by Jean-Christophe Leroux, Professor of Drug Formulation and Delivery at ETH Zurich.

After leeches have attached themselves, they penetrate the host's skin with their teeth. To suck blood from the wound, they create negative pressure by swallowing. The new device works in a very similar way: A suction cup measuring about two and a half centimetres is attached to the patient's upper arm or back. Within the cup are a dozen microneedles that puncture the skin when pressed against it. Within a few minutes, the negative pressure in the suction cup has ensured that sufficient blood has been collected to be used for diagnostic tests.

The new device is very cost-effective to produce, says Nicole Zoratto, a postdoc in Leroux's group. She led the work on this development and is lead author of the study published in the journal Advanced Science. Zoratto also sees a future application for the new device in low-income regions such as sub-Saharan Africa, where it could play a major part in the fight against tropical diseases such as malaria. Diagnosing malaria involves taking blood from the patients.

Another advantage of the new device is that the microneedles are located within the suction cup. This minimises the risk of injury during the application and after disposal compared to blood sampling with conventional needles.




In the current version of the leech-like device, the suction cup is made of silicone and the microneedles concealed within are made of steel. However, the researchers are in the process of developing a new version made using fully biodegradable materials to create a sustainable product.

Seeking a partner for market launch

The researchers have tested their new device on pigs, and they have made comprehensive manufacturing information.

Before the device can be widely used on humans -- in malaria regions and elsewhere -- the material composition still needs to be optimised. And above all, safe use must be tested with a small group of test subjects. As such studies are complex and expensive, the research group is still looking for a partner for further funding, for example a charitable foundation. They hope that their new leech devices will soon be able to play a part in the health of children and anyone else who is afraid of needles.
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Therapy to kill hypervirulent bacteria developed | ScienceDaily
University of Central Florida College of Medicine researcher Renee Fleeman is on a mission to kill drug-resistant bacteria, and her latest study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.


						
In a study published recently in Cell Reports Physical Science, Fleeman showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include seniors and patients with other health problems such as diabetes, cancer, kidney failure and liver disease. However, younger adults and people without additional health problems can acquire urinary tract and wound infections from the bacteria that cannot be treated by antibiotics available today.

The CDC reports that antibiotic resistant bacteria are a growing global health threat. A 2019 study found that nearly 5 million people died worldwide that year from drug-resistant infections. A large portion of those deaths are attributable to K. pneumoniae because it has a 50% death rate without antibiotic therapy.

These bacteria are more resistant to drugs when they live in a biofilm -- microorganisms that stick together and are embedded in a protective slime. Recent studies have shown that 60-80% of infections are associated with bacteria biofilms, which increase their drug resistance.

"It's Iike a coat that bacteria put around itself," Fleeman says.

Her research is examining ways to remove the protective coat and expose the bacteria so it can be killed by the body's immune system or antibiotics that currently cannot pass through the biofilm. Through that research, Fleeman discovered how the peptides made by cows can quickly kill K. pneumoniae.

She determined that the peptides interact with sugar connections that keep the slime intact. She likened the process to cutting into a chain-linked fence. Once multiple chains are cut, the integrity of the slime structure is damaged, and the peptide can enter and destroy the bacteria that are no longer protected.




"Our research has shown polyproline peptide can penetrate and begin to break the slime barrier down in as little as an hour after treatment," says Fleeman.

The peptide has another advantage -- once it breaks through the protective slime barrier, tests showed it killed the bacteria better than antibiotics used as a last resort to treat incurable infections. Peptides kill the bacteria by punching holes in their cell membrane, causing death quickly compared to other antibiotics that inhibit growth from inside the cell.

The peptide could also be used as a topical treatment for a wide range of uses, especially for the military, to treat open wounds in the field. "Bacteria divide every 30 minutes, so you have to act fast," Fleeman says.

The next phase of her research will seek to understand the biology behind the peptide's efficacy and if combinations of other drugs would aid in its application.

Her research is funded through a three-year National Institutes of Health funding Pathway to Independence R00 grant and is in its second year. Her study initially started as a K99 award at University of Texas at Austin, where she worked before joining UCF in September of 2022.

Fleeman says research into resistant infections must continue because they pose such a threat to health.

"It is estimated that by 2050, antibiotic resistant bacterial infections will be the number one cause of human deaths," she says. "Our work is focused on preparing for this post-antibiotic era battle, where common antibiotics that we take for granted will no longer be effective, jeopardizing cancer therapy, organ transplants, and any modern medical advancement that relies on effective antibiotic therapies."
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Research breakthrough on birth defect affecting brain size | ScienceDaily
Nonsense-mediated RNA decay, or NMD, is an evolutionarily conserved molecular mechanism in which potentially defective messenger RNAs, or mRNAs (genetic material that instructs the body on how to make proteins), are degraded. Disruption of the NMD pathway can lead to neurological disorders, immune diseases, cancers, and other pathologies. Mutations in human NMD regulators are seen in neurodevelopmental disorders, including autism and intellectual disability.


						
Why NMD mutations are enriched in neurodevelopmental disorders remains a mystery. Sika Zheng, a professor of biomedical sciences in the School of Medicine and the founding director of the Center for RNA Biology and Medicine at the University of California, Riverside, has now led a study, published in the journal Neuron, that reveals the molecular cellular mechanism underlying NMD regulation of brain size and its dysregulation in causing microcephaly -- a condition in which a baby's head is much smaller than expected.

The team's finding suggests that maintaining the neuronal NMD function is essential for early brain development to prevent microcephaly. According to Zheng, modulating NMD targets can be a potential treatment for microcephaly and other related neurodevelopmental diseases.

The study explains the functional roles of NMD in brain development and the underlying mechanistic action. It also demonstrates for the first time the link between mRNA decay regulation and brain size control. Additionally, it reveals the intricate connection between NMD and the most famous tumor suppressor gene, p53, suggesting possible new connections between NMD and cancer.

The research was supported by grants from the National Institutes of Health and the California Institute of Regenerative Medicine. The title of the research paper is "Epistatic Interactions between NMD and TRP53 Control Progenitor Cell Maintenance and Brain Size." Zheng was joined in the study by Liang Chen of the University of Southern California, Chun-Wei Chen of the City of Hope, Gene Yeo of UC San Diego, and members of their labs.
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Identifying risks of human flea infestations in plague-endemic areas of Madagascar | ScienceDaily
Madagascar is one of the last places where outbreaks of human bubonic plague still happen regularly.


						
Fleas carrying the plague bacterium Yersinia pestis can spread the disease through their bites. And while a species commonly known as "the rat flea" has been fingered as the main culprit in plague outbreaks, a species known as "the human flea" may play a secondary role.

As an investigator during plague outbreaks in rural Madagascar, medical entomologist Adelaide Miarinjara knew that many households were teeming with these human fleas. Miarinjara grew up in the island nation off the east coast of Africa and is now a postdoctoral fellow at Emory University, collaborating with the Pasteur Institute in Madagascar.

"We have observed huge variability in the number of fleas in different households in the same village," she says. "We might collect three or five fleas in one house and hundreds of them in another house."

Miarinjara led a study to solve the mystery of this variability.

PLoS Neglected Diseases published her team's findings: The abundance of human fleas is primarily associated with households that have a traditional dirt floor covered by a plant-fiber mat, as opposed to households with cement or board floors. A secondary risk factor was keeping animals in the house at night.

"Flea larvae need humidity, but not too much humidity, to survive," Miarinjara says, "so the dirt covered by the plant-fiber mat may be holding just the right amount of moisture for them to thrive."

She hopes that agencies seeking to improve people's lives in plague-endemic areas of Madagascar focus on upgrading the flooring in homes and constructing sheds separate from the households for animals.




"Flea infestation raises the risk for getting diseases and it has a big impact on the quality of life," Miarinjara says. "The constant bites are annoying and lead to lack of sleep."

Household flea infestations also promote the overuse of insecticides. Surveys by the researchers reveal that 80% of the households use insecticide to try to battle the fleas. Many people are buying liquid insecticides that are repackaged in empty plastic or glass containers, without labels or instructions for how to apply them, and sold in small, open-air markets.

Improper use of insecticides is a health risk to people who may be overexposed to the chemicals. "Overuse of these chemicals is also dangerous because some fleas are developing resistance to insecticides -- the frontline tools for battling plague outbreaks," Miarinjara says.

"Poverty related to housing construction is a primary challenge that this research identified," adds Thomas Gillespie, senior author of the study and professor and chair of Emory's Department of Environmental Sciences. "Resurfacing dirt floors in homes with concrete could improve a range of health and quality-of-life issues, from reducing flea populations in homes to making the floors easier to clean of contaminants such as fecal matter tracked in from the outside."

The Gillespie lab is a pioneer in the "one health" approach to epidemics -- studying the interactions of people, domestic animals, wildlife and ecosystems to understand how germs jump across species.

The plague has afflicted humans at least as far back as the Bronze Age and has persisted through the centuries. The advent of antibiotics -- which can effectively treat plague -- turned the disease into a horror story from the past for much of the world.




In Madagascar, however, plague returns regularly to claim new victims. Cases typically originate in the rural rice-growing region of the central Highlands during the rainy season. Outbreaks there are associated with agriculture, deforestation, the black rat -- and fleas.

Different flea species have evolved to prefer the blood of one animal over another, although they may feed on a variety of organisms if they are hungry enough.

Most plague research is centered on the rat flea, or Xenopsylla cheopis. Just one of its bites can transmit enough bacteria to infect someone with plague. In contrast, several bites from the human flea, Pulex irritans, are required to transmit the bacteria, making it a less potent spreader of plague but still a threat.

For the current paper, the researchers collected fleas from 126 households in four different villages. Rural Madagascar homes typically consist of more than one level. The bottom level is often used to keep livestock overnight and the second and third floors are where members of the family sleep, cook and eat.

The fleas were collected overnight on the second floor of the homes using simple traps -- a lit candle set in a dish of soapy water. The fleas are attracted to the flickering light and drown when they hop into the dish.

The researchers painstakingly removed each drowned flea using tweezers, set them to dry on absorbent paper, and then transferred them to test tubes for laboratory identification and analyses.

The results showed that around 95% of the species collected in households were human fleas, mixed at times with a few rat fleas and a few from a third species that prefers to feed on cats and dogs. Collections were conducted in both the dry and rainy seasons with similar results.

"We're now looking deeper into what's going on with insecticide use in households," Miarinjara says. "We want to both sort out what is driving insecticide resistance among fleas and find ways to help people use insecticides safely and more effectively."

Co-authors of the current study include: Annick Reveloson, a PhD student at the University of Antananarivo in Madagascar; Stephen Mugel, an Emory PhD student set to graduate this May; Nick An, who graduated last year from Emory's BS/MPH program; Andry Andriamiadanarivo, a technician at Centre ValBio in Madagascar; and Minoarisoa Rajerison, Rindra Randremanana and Romain Girod, research scientists at the Pasteur Institute in Madagascar.

The research was funded by the Branco Weiss Society in Science Fellowship and the American Society of Tropical Medicine and Hygiene.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240501153058.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Time-restricted eating and high-intensity exercise might work together to improve health | ScienceDaily
Combining time-restricted eating with high-intensity functional training may improve body composition and cardiometabolic parameters more than either alone, according to a study published May 1, 2024 in the open-access journal PLOS ONE by Ranya Ameur and Rami Maaloul from the University of Sfax, Tunisia, and colleagues.


						
Changes in diet and exercise are well-known ways to lose weight and improve cardiometabolic health. However, finding the right combination of lifestyle changes to produce sustainable results can be challenging. Prior studies indicate that time-restricted eating (which limits when, but not what, individuals eat) and high-intensity functional training (which combines intense aerobic and resistance exercise) may be beneficial and easier for individuals to commit to long term.

In a new study, researchers investigated the impact of time-restricted eating and high-intensity functional training on body composition and markers of cardiometabolic health such as cholesterol, blood glucose, and lipid levels. 64 women with obesity were assigned to one of three groups: time-restricted eating (diet only), high-intensity functional training (exercise only), or time-restricted eating plus high-intensity functional training (diet + exercise). Participants following the time-restricted eating regimen ate only between 8:00 am and 4:00 pm. Those in the functional training groups worked out three days per week with an instructor.

After 12 weeks, all three groups had significant weight loss and decreases in waist and hip circumference. Likewise, all groups showed favorable changes in lipid and glucose levels.

Some differences were seen between groups. For example, fat-free mass (a combination of lean mass and skeletal muscle mass) and blood pressure improved in the diet + exercise and exercise groups but did not change in the diet-only group.

Participants in the diet + exercise group generally experienced more profound changes in body composition and cardiometabolic parameters than either diet or exercise alone.

The researchers noted that this is a relatively small study, and it is difficult to tease out the contributions of specific exercise routines or of time-restricted eating and calorie reduction since both groups reduced their calorie intake. However, they note that combining time-restricted eating with high-intensity functional training might show promise in improving body composition and cardiometabolic health.

The authors add: "Combining time-restricted eating with High Intensity Functional Training is a promising strategy to improve body composition and cardiometabolic health."
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Brain imaging study reveals connections critical to human consciousness | ScienceDaily
Human consciousness requires arousal (i.e., wakefulness) and awareness. Brain imaging studies over the last decade have produced connectivity maps of the cortical networks that sustain awareness, but maps of the subcortical networks that sustain wakefulness are lacking, due to the small size and anatomic complexity of subcortical structures such as the brainstem. In a magnetic resonance imaging (MRI) study that integrated high-resolution structural and functional connectivity data, researchers mapped a subcortical brain network that is believed to integrate arousal and awareness in human consciousness.


						
In a paper titled, "Multimodal MRI reveals brainstem connections that sustain wakefulness in human consciousness," published today in Science Translational Medicine, a group of researchers at Massachusetts General Hospital, a founding member of the Mass General Brigham healthcare system, and Boston Children's Hospital, created a connectivity map of a brain network that they propose is critical to human consciousness.

The study involved high-resolution scans that enabled the researchers to visualize brain connections at submillimeter spatial resolution. This technical advance allowed them to identify previously unseen pathways connecting the brainstem, thalamus, hypothalamus, basal forebrain, and cerebral cortex.

Together, these pathways form a "default ascending arousal network" that sustains wakefulness in the resting, conscious human brain. The concept of a "default" network is based on the idea that specific networks within the brain are most functionally active when the brain is in a resting state of consciousness. In contrast, other networks are more active when the brain is performing goal-directed tasks.

To investigate the functional properties of this default brain network, the researchers analyzed 7 Tesla resting-state functional MRI data from the Human Connectome Project. These analyses revealed functional connections between the subcortical default ascending arousal network and the cortical default mode network that contributes to self-awareness in the resting, conscious brain.

The complementary structural and functional connectivity maps provide a neuroanatomic basis for integrating arousal and awareness in human consciousness. The researchers released the MRI data, brain mapping methods, and a new Harvard Ascending Arousal Network Atlas, to support future efforts to map the connectivity of human consciousness.

"Our goal was to map a human brain network that is critical to consciousness and to provide clinicians with better tools to detect, predict, and promote recovery of consciousness in patients with severe brain injuries," explains lead-author Brian Edlow, MD, co-director of Mass General Neuroscience, associate director of the Center for Neurotechnology and Neurorecovery (CNTR) at Mass General, an associate professor of Neurology at Harvard Medical School and a Chen Institute MGH Research Scholar 2023-2028.

Dr. Edlow explains, "Our connectivity results suggest that stimulation of the ventral tegmental area's dopaminergic pathways has the potential to help patients recover from coma because this hub node is connected to many regions of the brain that are critical to consciousness."

Senior author Hannah Kinney, MD, Professor Emerita at Boston Children's Hospital and Harvard Medical School, adds that "the human brain connections that we identified can be used as a roadmap to better understand a broad range of neurological disorders associated with altered consciousness, from coma, to seizures, to sudden infant death syndrome (SIDS)."

The authors are currently conducting clinical trials to stimulate the default ascending arousal network in patients with coma after traumatic brain injury, with the goal of reactivating the network and restoring consciousness.
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Sleep resets brain connections -- but only for first few hours | ScienceDaily
During sleep, the brain weakens the new connections between neurons that had been forged while awake -- but only during the first half of a night's sleep, according to a new study in fish by UCL scientists.


						
The researchers say their findings, published in Nature, provide insight into the role of sleep, but still leave an open question around what function the latter half of a night's sleep serves.

The researchers say the study supports the Synaptic Homeostasis Hypothesis, a key theory on the purpose of sleep which proposes that sleeping acts as a reset for the brain.

Lead author Professor Jason Rihel (UCL Cell & Developmental Biology) said: "When we are awake, the connections between brain cells get stronger and more complex. If this activity were to continue unabated, it would be energetically unsustainable. Too many active connections between brain cells could prevent new connections from being made the following day.

"While the function of sleep remains mysterious, it may be serving as an 'off-line' period when those connections can be weakened across the brain, in preparation for us to learn new things the following day."

For the study, the scientists used optically translucent zebrafish, with genes enabling synapses (structures that communicate between brain cells) to be easily imaged. The research team monitored the fish over several sleep-wake cycles.

The researchers found that brain cells gain more connections during waking hours, and then lose them during sleep. They found that this was dependent on how much sleep pressure (need for sleep) the animal had built up before being allowed to rest; if the scientists deprived the fish from sleeping for a few extra hours, the connections continued to increase until the animal was able to sleep.

Professor Rihel added: "If the patterns we observed hold true in humans, our findings suggest that this remodelling of synapses might be less effective during a mid-day nap, when sleep pressure is still low, rather than at night, when we really need the sleep."

The researchers also found that these rearrangements of connections between neurons mostly happened in the first half of the animal's nightly sleep. This mirrors the pattern of slow-wave activity, which is part of the sleep cycle that is strongest at the beginning of the night.

First author Dr Anya Suppermpool (UCL Cell & Developmental Biology and UCL Ear Institute) said: "Our findings add weight to the theory that sleep serves to dampen connections within the brain, preparing for more learning and new connections again the next day. But our study doesn't tell us anything about what happens in the second half of the night. There are other theories around sleep being a time for clearance of waste in the brain, or repair for damaged cells -- perhaps other functions kick in for the second half of the night."
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Scientists identify new brain circuit in mice that controls body's inflammatory reactions | ScienceDaily
The brain can direct the immune system to an unexpected degree, capable of detecting, ramping up and tamping down inflammation, shows a new study in mice from researchers at Columbia's Zuckerman Institute.


						
"The brain is the center of our thoughts, emotions, memories and feelings," said Hao Jin, PhD, a co-first author of the study published online today in Nature. "Thanks to great advances in circuit tracking and single-cell technology, we now know the brain does far more than that. It is monitoring the function of every system in the body."

Future research could identify drugs that can target this newfound brain circuit to help treat a vast range of disorders and diseases in which the immune system goes haywire.

"This new discovery could provide an exciting therapeutic venue to control inflammation and immunity," said Charles S. Zuker, PhD, the study's senior author, a principal investigator at Columbia's Zuckerman Institute and a Howard Hughes Medical Institute investigator.

Recent work from the Zuker lab and other groups is revealing the importance of the body-brain axis, a vital pathway that conveys data between the organs and the brain. For example, Dr. Zuker and his colleagues discovered that sugar and fat entering the gut use the body-brain axis to drive the craving and strong appetite for sugary and fatty foods.

"We found all these ways in which the body is informing the brain about the body's current state," said co-first author Mengtong Li, PhD, a postdoctoral researcher in the Zuker lab. "We wanted to understand how much farther the brain's knowledge and control of the body's biology went."

The scientists looked for connections the brain might have with inflammation and innate immunity, the defense system shared by all animals and the most ancient component of the immune system. Whereas the adaptive immune system remembers previous encounters with intruders to help it resist them if they invade again, the innate immune system attacks anything with common traits of germs. The relative simplicity of innate immunity lets it respond to new insults more quickly than adaptive immunity.




Prior studies in humans revealed that electrically stimulating the vagus nerve -- a bundle of thousands of nerve fibers linking the brain and the body's internal organs -- could reduce the response linked to a specific inflammatory molecule. However, much remained unknown about the nature of this body-brain system: for instance, the generality of the brain's modulation of immunity and the inflammatory response, the selective lines of communication between the body and the brain, the logic of the underlying neural circuit, and the identity of the vagal and brain components that monitor and regulate inflammation.

The Zuker lab turned to a bacterial compound that sets off innate immune responses. The scientists found that giving this molecule to mice activated the caudal nucleus of the solitary tract, or cNST, which is tucked inside the brainstem. The cNST plays a major role in the body-brain axis and is the primary target of the vagus nerve.

The scientists showed that chemically suppressing the cNST resulted in an out-of-control inflammatory response to the immune insult: levels of pro-inflammatory molecules released by the immune system were more than three times higher than usual, and levels of anti-inflammatory immune compounds were roughly three times lower than normal. In contrast, artificially activating the cNST reduced pro-inflammatory molecule levels by nearly 70 percent and increased anti-inflammatory chemical levels almost tenfold.

"Similar to a thermostat, this newfound brain circuit helps increase or decrease inflammatory responses to keep the body responding in a healthy manner," said Dr. Jin, who started this study as a postdoctoral researcher in Dr. Zuker's lab. Dr. Jin is now a tenure track investigator at the National Institute of Allergy and Infectious Diseases. "In retrospect, it makes sense to have a master arbiter controlling this vital response."

Previous vagus nerve stimulation research in humans suggests the findings go beyond mice. The new research may also be in line with thousands of years of thought on the potential importance of the mind on the body.

"A lot of psychosomatic effects could actually be linked to brain circuits telling your body something," Dr. Jin noted.




The scientists identified the specific groups of neurons in the vagus nerve and in the cNST that help detect and control pro- and anti-inflammatory activity. "This opens up a new window into how the brain monitors and modulates body physiology," said Dr. Zuker, a professor of biochemistry, molecular biophysics and neuroscience at Columbia's Vagelos College of Physicians and Surgeons.

Discovering ways to control this newfound brain circuit may lead to novel therapies for common auto-immune diseases such as rheumatoid arthritis, type I diabetes, multiple sclerosis, neurodegenerative diseases, lupus, inflammatory bowel disease and Crohn's disease, as well as conditions such as long COVID syndrome, immune rejection of transplanted organs, and the potentially deadly outbursts known as cytokine storms that COVID infections can trigger.

Autoimmune diseases may affect roughly one in 10 individuals, a 2023 Lancet study suggested. In the United States alone, autoimmune diseases may cost the economy $100 billion annually, a figure that may be a gross underestimate, according to the Autoimmune Association.

Harnessing the activity of this circuit may make a difference across a broad range of conditions affecting the immune system, and help treat dysregulated inflammatory states in people suffering from immune diseases and disorders, Drs. Jin and Li said.
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Biomarkers in blood to predict liver cancer | ScienceDaily
Early detection has the potential to transform treatment and outcomes in cancer care, especially for cancers like liver cancer, which is typically diagnosed at a late stage with limited options for cure. A new study led by investigators from Mass General Brigham and Beth Israel Deaconess Medical Center suggests that proteins detectable in the blood could improve predictions about risk of liver cancer years before typical diagnosis. Results are published in JNCI.


						
"Liver cancer rates are rapidly increasing, and liver cancer has a high mortality rate, but if we can diagnose it early, therapeutic interventions can be potentially curative," said lead author Xinyuan (Cindy) Zhang, PhD, of the Channing Division of Network Medicine at Brigham and Women's Hospital. "We need to have a way to detect this form of cancer early enough to intervene with surgery or liver transplantation to treat the disease before it becomes metastatic."

Liver cancer, or hepatocellular carcinoma (HCC), ranks as the third leading cause of cancer worldwide and the second leading cause of cancer-related deaths globally, with its incidence rate nearly tripled since 1980s in the US. Detection of liver cancers often occurs at advanced stages, where life expectancy typically spans less than 12 months. Certain high-risk populations, such as individuals with cirrhosis and hepatitis, stand to significantly benefit from early detection tests. Currently, there is a notable deficiency in accurate, sensitive, and specific tools for the early detection of liver cancer. Many existing methods are relatively expensive, invasive, or limited in accessibility, primarily confined to major hospitals.

The research team included investigators from Mass General Brigham's founding members, Brigham and Women's Hospital and Massachusetts General Hospital, Harvard T.H. Chan School of Public Health, Beth Israel Deaconess Medical Center and Yale University. The team utilized proteomics (profiling of proteins) to develop a prediction model aimed at diagnosing or screening for liver cancer at an earlier stage. They used the SomaScan Assay Kit, a high-throughput proteomics platform that measures protein levels in biological samples, available through the Beth Israel Deaconess Medical Center Genomics, Proteomics, Bioinformatics and Systems Biology Center. The SomaScan platform allowed them to detect minute levels of circulating proteins that may be present at early stage of disease, measuring 1,305 proteins simultaneously in the blood.

"It's always been challenging to identify highly specific disease biomarkers in the blood using traditional tools, but this new technology allows us to detect a broad and dynamic range of both high and low abundant proteins," said co-senior author Towia A. Libermann, PhD, of the Division of Interdisciplinary Medicine and Biotechnology, Beth Israel Deaconess Medical Center. "New insights into the biological mechanisms underlying liver cancer development emerge from our data that may lead to identification of novel therapeutic targets. Most importantly, we were able to validate these early detection biomarkers using alternative protein analysis techniques and in an independent population cohort from the UK."

The study team used SomaScan to analyze plasma samples from participants in both the Nurses' Health Study and the Health Professional Follow-Up Study, two longitudinal, ongoing, prospective cohorts in the U.S. Notably, they examined blood samples obtained from individuals an average of 12 years before their liver cancer diagnosis to pinpoint protein biomarker signals. After examination, the researchers cross-referenced medical records to confirm whether these patients ultimately developed liver cancer.

From the blood samples, the researchers identified 56 plasma proteins that showed significantly elevated levels in individuals with liver cancer compared to matched control individuals without hepatocellular cancer. The team selected four of these proteins to create a predictive model, which they tested on the UK Biobank Pharma Proteomics dataset, comprised of 50,000 individuals, 45 of whom were diagnosed with liver cancer. Their model had greater accuracy in predicting liver cancer compared to traditional risk factors.

The authors caution that their study included a limited number of liver cancer cases and further validation in larger, more diverse patient populations and in high-risk populations is needed.

"Even though further investigation in additional populations is absolutely needed, our results reveal a robust circulating protein profile associated with liver cancer years before diagnosis, which is remarkable," said co-senior author Xuehong Zhang, MBBS, ScD, who conducted work on this study while at the Channing Division of Network Medicine at the Brigham. Zhang is now at Yale.

The study team also aims to extend their methodology to uncover additional plasma protein biomarkers utilizing the more expanded SomaScan assay measuring 11,000 proteins, explore biomarkers linked with different cancer types, and gain deeper insights into the role of hepatocellular cancer risk factors across specific patient populations. With further progress, the protein biomarkers investigated in the study could potentially hold clinical significance as a non-invasive test for assessing liver cancer risk.
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Social-media break has huge impact on young women's body image, study finds | ScienceDaily
There's a large and growing body of evidence pointing to potentially negative impacts of social media on mental health, from its addictive nature to disruptions in sleep patterns to effects on body image. Now, a new study coming out of York University's Faculty of Health found young women who took a social media break for as little as one week had a significant boost in self-esteem and body image -- particularly those most vulnerable to thin-ideal internalization.


						
"The statistician inside me was excited -- we don't often see effect sizes this large in my area of psychology research because human behaviour is complicated and there's lots of variability," says Psychology Professor Jennifer Mills, co-author of the paper. "We hope this study can be used to help protect young people and influence social media companies to give users more agency in how they interact with these platforms."

The paper, out this week in the journal Body Image, is thought to be the first to look specifically at social-media breaks and body image. Mills, whose lab has been on the forefront of this kind of research, collaborated on the paper with graduate researcher Lindsay Samson and undergraduate Olivia Smith, both students at York. They expected that there might be recruitment challenges, but it turns out there was enthusiasm for taking a social media pause among the 66 first-year female undergraduates who participated. Half were instructed to continue their social media as per usual, while the other half were given instructions to refrain from Instagram, Facebook, Twitter, and TikTok and other social media use for one week. They conducted baseline surveys before the experiment, and tested the participants again after the week was over.

"There's natural variability in how people feel about their bodies and about themselves in general, so we took that into account statistically, and even after that there were still significant differences between the groups after one week," says Mills, who is also the director of clinical training for the graduate psychology program.

The differences in the social media landscape are remarkable compared to when Mills started researching eating disorders and the effects of media, like magazines aimed at women.

"Back then, you could only spend so many minutes or hours looking at fashion and beauty magazines and they only came out once a month. There was a finite amount of content that you would be exposed to. With social media it's infinite. It's always new and novel, which triggers our brain's reward system that makes us want more and more of something."

Mills says the improvements found in this study might be explained both by women spending far less time engaging in behaviours known to have a detrimental effect, such as comparisons with others, but they may have also replaced social media with healthier behaviours.

"If we're spending more time in real life, socializing with friends, getting sleep, getting outdoors, getting exercise, there could be secondary behaviours that fill the void left by social media. Future research will try to disentangle that."
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Understanding youth nicotine use to prevent initiation and escalation | ScienceDaily
Using multiple nicotine products can be associated with higher levels of nicotine dependence among youth and increased mortality in adults, compared with the use of one product alone. Yale researchers have now uncovered factors that contribute to adolescents using multiple nicotine products.


						
These findings, they say, will help inform efforts to prevent escalation from single to multiple product use.

Their findings were reported April 24 in the journal Preventative Medicine.

While public health campaigns have spread awareness on the harms of smoking and, more recently, vaping, an increasingly diverse landscape of nicotine products, widespread adoption of e-cigarettes, and a growing use of multiple products among young people may require updated strategies, says Patricia Simon, an assistant professor adjunct of psychiatry at Yale School of Medicine (YSM) and lead author of the study.

"Using nicotine products has numerous health impacts and multiple product use can have additional negative consequences, including increased nicotine dependence, reduced intent to quit, and increased mortality," said Simon. "One challenge now is to find ways to prevent young people from progressing from single to multiple product use, but we need to know what contributes to that progression in order to develop effective interventions."

For the study, Simon and her colleagues used data from the Population Assessment of Tobacco and Health (PATH) Study, a long-term evaluation of tobacco use in the United States that began in 2013 and is administered and funded by the National Institutes of Health (NIH) and the U.S. Food and Drug Administration (FDA). The researchers analyzed data from over 10,000 individuals who joined the PATH study when they were between the ages 12 and 17. The participants completed the PATH Study assessments in 2013 and 2014 (Wave 1 of the PATH Study) and again in 2017 and 2018 (Wave 4).

Among the study group during Wave 4, nearly 11% reported having used multiple nicotine products, over 13% reported using one product, and just over 76% said they had not used any nicotine products during the previous 30 days, the researchers found. Cigarettes were the product most reportedly used followed by e-cigarettes, cigars, hookah, and smokeless tobacco.




"We also found several personal, familial, and environmental factors that contributed to nicotine product use and multiple product use," said Ralitza Gueorguieva, a senior research scientist in the Department of Biostatistics at Yale School of Public Health (YSPH) and coauthor of the study.

Those who reported using nicotine products in Wave 4 of the study reported more problems with sleep, anxiety, or feelings of hopelessness, were less likely to have talked with parents or guardians about not using tobacco products, and more likely to have seen advertisements for tobacco products in Wave 1, compared with those not reporting nicotine use.

The researchers then compared individuals who used multiple products with those who reported using just one in Wave 4, finding they were more likely to be male, in the older 15- to 17-year-old age group, and to have reported ever using a nicotine product at the start of the study (Wave 1). When asked to rate how much harm they thought came from using various nicotine products, those who used multiple products assigned less harmful ratings than those who used just one product.

"This more nuanced understanding of nicotine use in adolescents allows us to better differentiate those who use single products versus multiple products, which is an important new perspective," said Elina Stefanovics, a research scientist in the Department of Psychiatry at YSM and coauthor of the study.

These findings should be considered by regulators aiming to align policies with modern usage patterns, clinicians advising parents on risk and protective factors, and prevention scientists developing targeted programs based on specific risk factors for youth, said the researchers.

"This study provides crucial evidence that will help shape interventions aimed at preventing both the initiation and escalation of nicotine product use among adolescents," said Eugenia Buta, a research scientist with the Yale Center for Analytical Sciences at YSPH and coauthor of the study. "By understanding these factors, we can develop more effective public health strategies and regulatory policies to reduce the prevalence of multiple nicotine product use among our youth."

Shiyao Ying at YSPH and Suchitra Krishnan-Sarin at YSM were also coauthors of the study.

Research reported in this publication was supported by grant number U54DA036151 from the National Institute on Drug Abuse (NIDA), part of the NIH, and the Center for Tobacco Products, part of the FDA. Partial support is also provided by National Cancer Institute, NIH grant R03 CA245991 and NIDA grant L40 DA042454. The content is solely the responsibility of the authors, and it does not necessarily represent the official views of the National Institutes of Health or the Food and Drug Administration.
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Cell contractions drive the initial shaping of human embryos | ScienceDaily
In humans, embryonic cell compaction is a crucial step in the normal development of an embryo. Four days after fertilisation, cells move closer together to give the embryo its initial shape. Defective compaction prevents the formation of the structure that ensures the embryo can implant in the uterus. In assisted reproductive technology (ART), this stage is carefully monitored before an embryo is implanted.


						
An interdisciplinary research team1 led by scientists at the Genetics and Developmental Biology Unit at the Institut Curie (CNRS/Inserm/Institut Curie) studying the mechanisms at play in this still little-known phenomenon has made a surprising discovery: human embryo compaction is driven by the contraction of embryonic cells. Compaction problems are therefore due to faulty contractility in these cells, and not a lack of adhesion between them, as was previously assumed. This mechanism had already been identified in flies, zebrafish and mice, but is a first in humans.

By improving our understanding of the early stages of human embryonic development, the research team hopes to contribute to the refinement of ART as nearly one third of inseminations are unsuccessful today.2

The results were obtained by mapping cell surface tensions in human embryonic cells. The scientists also tested the effects of inhibiting contractility and cell adhesion and analysed the mechanical signature of embryonic cells with defective contractility.

Notes : 1 -- Scientists from the following entities also took part in the study: the Centre interdisciplinaire de recherche en biologie (CNRS/College de France/Inserm), the Reproductive Biology Department -- CECOS (AP-HP) and the Institut Cochin (CNRS/Inserm/Universite Paris Cite).

2 -- Source: Agence de la biomedecine
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New mRNA cancer vaccine triggers fierce immune response to fight malignant brain tumor | ScienceDaily
In a first-ever human clinical trial of four adult patients, an mRNA cancer vaccine developed at the University of Florida quickly reprogrammed the immune system to attack glioblastoma, the most aggressive and lethal brain tumor.


						
The results mirror those in 10 pet dog patients suffering from naturally occurring brain tumors whose owners approved of their participation, as they had no other treatment options, as well as results from preclinical mouse models. The breakthrough now will be tested in a Phase 1 pediatric clinical trial for brain cancer.

Reported May 1 in the journal Cell, the discovery represents a potential new way to recruit the immune system to fight notoriously treatment-resistant cancers using an iteration of mRNA technology and lipid nanoparticles, similar to COVID-19 vaccines, but with two key differences: use of a patient's own tumor cells to create a personalized vaccine, and a newly engineered complex delivery mechanism within the vaccine.

"Instead of us injecting single particles, we're injecting clusters of particles that are wrapping around each other like onions, like a bag full of onions," said senior author Elias Sayour, M.D., Ph.D., a UF Health pediatric oncologist who pioneered the new vaccine, which like other immunotherapies attempts to "educate" the immune system that a tumor is foreign. "And the reason we've done that in the context of cancer is these clusters alert the immune system in a much more profound way than single particles would."

Among the most impressive findings was how quickly the new method, delivered intravenously, spurred a vigorous immune-system response to reject the tumor, said Sayour, principal investigator of the RNA Engineering Laboratory within UF's Preston A. Wells Jr. Center for Brain Tumor Therapy and a UF Health Cancer Center and McKnight Brain Institute investigator who led the multi-institution research team.

"In less than 48 hours, we could see these tumors shifting from what we refer to as 'cold' -- immune cold, very few immune cells, very silenced immune response -- to 'hot,' very active immune response," he said. "That was very surprising given how quick this happened, and what that told us is we were able to activate the early part of the immune system very rapidly against these cancers, and that's critical to unlock the later effects of the immune response."

Glioblastoma is among the most devastating diagnoses, with median survival around 15 months. Current standard of care involves surgery, radiation and some combination of chemotherapy.




The new publication is the culmination of promising translational results over seven years of studies, starting in preclinical mouse models and then in a clinical trial of 10 pet dogs that had spontaneously developed terminal brain cancer and had no other treatment options. That trial was conducted with owners' consent in collaboration with the UF College of Veterinary Medicine. Dogs offer a naturally occurring model for malignant glioma because they are the only other species that develops spontaneous brain tumors with some frequency, said Sheila Carrera-Justiz, D.V.M., a veterinary neurologist at the UF College of Veterinary Medicine who is partnering with Sayour on the clinical trials. Gliomas in dogs are universally terminal, she said.

After treating pet dogs that had spontaneously developed brain cancer with personalized mRNA vaccines, Sayour's team advanced the research to a small Food and Drug Administration-approved clinical trial designed to ensure safety and test feasibility before expanding to a larger trial.

In a cohort of four patients, genetic material called RNA was extracted from each patient's own surgically removed tumor, and then messenger RNA, or mRNA -- the blueprint of what is inside every cell, including tumor cells -- was amplified and wrapped in the newly designed high-tech packaging of biocompatible lipid nanoparticles, to make tumor cells "look" like a dangerous virus when reinjected into the bloodstream and prompt an immune-system response. The vaccine was personalized to each patient with a goal of getting the most out of their unique immune system.

"The demonstration that making an mRNA cancer vaccine in this fashion generates similar and strong responses across mice, pet dogs that have developed cancer spontaneously and human patients with brain cancer is a really important finding, because oftentimes we don't know how well the preclinical studies in animals are going to translate into similar responses in patients," said Duane Mitchell, M.D., Ph.D., director of the UF Clinical and Translational Science Institute and the UF Brain Tumor Immunotherapy Program and a co-author of the paper. "And while mRNA vaccines and therapeutics are certainly a hot topic since the COVID pandemic, this is a novel and unique way of delivering the mRNA to generate these really significant and rapid immune responses that we're seeing across animals and humans."

While too early in the trial to assess the clinical effects of the vaccine, the patients either lived disease-free longer than expected or survived longer than expected.

The 10 pet dogs lived a median of 139 days, compared with a median survival of 30 to 60 days typical for dogs with the condition.




The next step, through support from the Food and Drug Administration and the CureSearch for Children's Cancer foundation, will be an expanded Phase I clinical trial to include up to 24 adult and pediatric patients to validate the findings. Once an optimal and safe dose is confirmed, an estimated 25 children would participate in Phase 2, said Sayour, an associate professor in the Lillian S. Wells Department of Neurosurgery and the department of pediatrics in the UF College of Medicine, part of UF Health.

For the new clinical trial, Sayour's lab will partner with a multi-institution consortium, the Pediatric Neuro-Oncology Consortium, to send the immunotherapy treatment to children's hospitals across the country. They will do this by receiving an individual patient's tumor, manufacturing the personalized vaccine at UF and sending it back to the patient's medical team, said Sayour, co-leader of the Immuno-Oncology and Microbiome research program at the UF Health Cancer Center.

Despite the promising results, the authors said one limitation is continued uncertainty about how best to harness the immune system while minimizing the potential for adverse side effects.

"I am hopeful that this could be a new paradigm for how we treat patients, a new platform technology for how we can modulate the immune system," Sayour said. "I am hopeful for how this could now synergize with other immunotherapies and perhaps unlock those immunotherapies. We showed in this paper that you actually can have synergy with other types of immunotherapies, so maybe now we can have a combination approach of immunotherapy."

Sayour and Mitchell hold patents related to the vaccine which are under option to license by iOncologi Inc., a biotech company born as a "spin out" from UF in which Mitchell holds interest.
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Father's gut microbes affect the next generation | ScienceDaily
The gut microbiota is the microbial community that occupies the gastrointestinal tract. It is responsible for producing enzymes, metabolites, and other molecules crucial for host metabolism and in response to the environment.


						
Consequently, a balanced gut microbiota is important for mammalian health in many ways, such as helping to regulate the immune and endocrine systems. This in turn, impacts the physiology of tissues throughout the body. However, little was known about the impact of the gut microbiota on host reproduction, and whether an altered microbiota in a father could influence the fitness of his offspring.

The Hackett group at EMBL Rome, in collaboration with the Bork and the Zimmermann groups at EMBL Heidelberg, set out to answer this question, with their results now published in the journal Nature. The scientists showed that disrupting the gut microbiota in male mice increases the probability that their offspring are born with low weight, and are more likely to die prematurely.  

What is passed on to the next generation

To study the effects of the gut microbiota on male reproduction and their offspring, the researchers altered the composition of gut microbes in male mice by treating them with common antibiotics that do not enter the bloodstream. This induces a condition called dysbiosis, whereby the microbial ecosystem in the gut becomes unbalanced.

The scientists then analysed changes in the composition of important testicular metabolites. They found that in male mice dysbiosis affects the physiology of the testes, as well as metabolite composition and hormonal signalling. At least part of this effect was mediated by changes in the levels of the key hormone leptin in blood and testes of males with induced dysbiosis. These observations suggest that in mammals, a 'gut-germline axis' exists as an important connection between the gut, its microbiota, and the germline.

To understand the relevance of this 'gut-germline' axis to traits inherited by offspring, the scientists mated either untreated or dysbiotic males with untreated females. Mouse pups sired by dysbiotic fathers showed significantly lower birth weights and an increased rate of postnatal mortality. Different combinations of antibiotics as well as treatments with dysbiosis-inducing-laxatives (which also disrupt microbiota) affected offspring similarly.




Importantly, this effect is reversible. Once antibiotics are withdrawn, paternal microbiota recover. When mice with recovered microbiota were mated with untreated females, their offspring were born with normal birthweight and developed normally as well.

"We have observed that intergenerational effects disappear once a normal microbiota is restored. That means that any alteration to the gut microbiota able to cause intergenerational effects could be prevented in prospective fathers" said Peer Bork, EMBL Heidelberg Director, who participated in the study. "The next step will be to understand in detail how different environmental factors such as medicinal drugs including antibiotics can affect the paternal germline and, therefore, embryonic development." Ayele Denboba, first author of the publication and former postdoc in the Hackett Group, now Group Leader at the Max Planck Institute of Immunology and Epigenetics in Freiburg, Germany added "The study originated to understand environmental impacts on fathers by considering the gut microbiota as a nexus of host-environment interactions, thus creating a sufficient-cause model to assess intergenerational health risks in complex ecological systems."

Paternal impact on pregnancy disease risk

In their work, Hackett and his colleagues also discovered that placental defects, including poor vascularisation and reduced growth, occurred more frequently in pregnancies involving dysbiotic males. The defective placentas exhibited hallmarks of a common pregnancy complication in humans called pre-eclampsia, which leads to impaired offspring growth and is a risk factor for developing a wide range of common diseases later in life.

"Our study demonstrates the existence of a channel of communication between the gut microbiota and the reproductive system in mammals. What's more, environmental factors that disrupt these signals in prospective fathers increase the risk of adverse health in offspring, through altering placental development" said Jamie Hackett, coordinator of the research project and an EMBL Rome Group Leader. "This implies that in mice, the environment of a father just prior to conception can influence offspring traits independently of genetic inheritance."

"At the same time, we find the effect is for one generation only, and I should be clear that further studies are needed to investigate how pervasive these effects are and whether they have relevance in humans. There are intrinsic differences to be considered when translating results from mouse models to humans." Hackett continued: "But given the widespread prevalence of dietary and antibiotic practices in Western culture that are known to disrupt the gut microbiota, it is important to consider paternal intergenerational effects more carefully -- and how they may be affecting pregnancy outcomes and population disease risk."
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Researchers identify causal genetic variant linked to common childhood obesity | ScienceDaily
Researchers from Children's Hospital of Philadelphia (CHOP) have identified a causal genetic variant strongly associated with childhood obesity. The study provides new insight into the importance of the hypothalamus of the brain and its role in common childhood obesity and the target gene may serve as a druggable target for future therapeutic interventions. The findings were published today in the journal Cell Genomics.


						
Both environmental and genetic factors play critical roles in the increasing incidence of childhood obesity. While the exact role of genetics in childhood obesity is still not fully understood, prior studies show that neuronal pathways in the hypothalamus control food intake and are key regulators for the disease.

Prior international genome-wide association studies (GWAS) led by CHOP investigators found specific genetic markers, or loci, linked with obesity. Most of these studies revealed loci associated with childhood and adult obesity in equal measure, and most of these loci have been in non-coding regions of the genome, which means they do not code for specific proteins, making their mechanisms much more difficult to study. This latest research focused on chr12q13, a locus harboring the nearby gene FAIM2 that generated a strikingly stronger signal with childhood obesity when compared to adult obesity.

"By focusing specifically on this locus, we were able to pinpoint a causal variant associated with one of the strongest genetic signals we have implicated in childhood obesity," said first study author Sheridan H. Littleton, PhD, a postdoctoral research associate who conducted this work as a member of the Center for Spatial and Functional Genomics team at CHOP. "With more research, there's potential to learn how the target of this variant's action may be a target for new therapies specifically designed to treat childhood obesity."

In addition to childhood obesity, the locus in question has been found to be connected to a variety of related health issues, including elevated type 2 diabetes susceptibility, increased body fat percentage in children and adults, and earlier age of menstruation. Using a variety of techniques, the researchers narrowed their focus on rs7132908, a single nucleotide polymorphism (SNP), or variant, at the locus.

Prior related CHOP research implicated the hypothalamus in appetite, a trait that could be linked to childhood obesity. Since the hypothalamus is deep inside the brain, it is particularly challenging to study. To further study the effects of the rs7132908 variant, the researchers used stem cells that evolve into hypothalamic neurons, a key cell type associated with eating behavior, to study the variant's alleles. The allele associated with obesity risk influenced how the FAIM2 gene was expressed and decreased the proportion of neurons produced when the stem cells differentiated, suggesting that the variant is also associated with neurodevelopment.

"In spite of a series of challenges, a study like this demonstrates how extra effort can reveal important information about hitherto uncharacterized genetic variants and the role they play in a variety of childhood and adult illnesses," said Struan F.A. Grant, PhD, Director of the Center for Spatial and Functional Genomics and the Daniel B. Burke Endowed Chair for Diabetes Research at CHOP. "This work further underscores how the brain is central to the genetics of obesity and provides us with a strategy for further study."

This study was supported by the Eunice Kennedy Shriver National Institute of Child Health and Human Development grants F31 HD105404 and R01 HD056465, the National Institute of Diabetes and Digestive and Kidney Diseases grant UM1 DK126194, and the Daniel B. Burke Endowed Chair for Diabetes Research.
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Scientists work out the effects of exercise at the cellular level | ScienceDaily
The health benefits of exercise are well known but new research shows that the body's response to exercise is more complex and far-reaching than previously thought. In a study on rats, a team of scientists from across the United States has found that physical activity causes many cellular and molecular changes in all 19 of the organs they studied in the animals.


						
Exercise lowers the risk of many diseases, but scientists still don't fully understand how exercise changes the body on a molecular level. Most studies have focused on a single organ, sex, or time point, and only include one or two data types.

To take a more comprehensive look at the biology of exercise, scientists with the Molecular Transducers of Physical Activity Consortium (MoTrPAC) used an array of techniques in the lab to analyze molecular changes in rats as they were put through the paces of weeks of intense exercise. Their findings appear in Nature.

The team studied a range of tissues from the animals, such as the heart, brain, and lungs. They found that each of the organs they looked at changed with exercise, helping the body to regulate the immune system, respond to stress, and control pathways connected to inflammatory liver disease, heart disease, and tissue injury.

The data provide potential clues into many different human health conditions; for example, the researchers found a possible explanation for why the liver becomes less fatty during exercise, which could help in the development of new treatments for non-alcoholic fatty liver disease.

The team hopes that their findings could one day be used to tailor exercise to an individual's health status or to develop treatments that mimic the effects of physical activity for people who are unable to exercise. They have already started studies on people to track the molecular effects of exercise.

Launched in 2016, MoTrPAC draws together scientists from the Broad Institute of MIT and Harvard, Stanford University, the National Institutes of Health, and other institutions to shed light on the biological processes that underlie the health benefits of exercise. The Broad project was originally conceived of by Steve Carr, senior director of Broad's Proteomics Platform; Clary Clish, senior director of Broad's Metabolomics Platform; Robert Gerszten, a senior associate member at the Broad and chief of cardiovascular medicine at Beth Israel Deaconess Medical Center; and Christopher Newgard, a professor of nutrition at Duke University.




Co-first authors on the study include Pierre Jean-Beltran, a postdoctoral researcher in Carr's group at Broad when the study began, as well as David Amar and Nicole Gay of Stanford. Courtney Dennis and Julian Avila, both researchers in Clish's group, were also co-authors on the manuscript.

"It took a village of scientists with distinct scientific backgrounds to generate and integrate the massive amount of high quality data produced," said Carr, a co-senior author of the study. "This is the first whole-organism map looking at the effects of training in multiple different organs. The resource produced will be enormously valuable, and has already produced many potentially novel biological insights for further exploration."

The team has made all of the animal data available in an online public repository. Other scientists can use this site to download, for example, information about the proteins changing in abundance in the lungs of female rats after eight weeks of regular exercise on a treadmill, or the RNA response to exercise in all organs of male and female rats over time.

Whole-body analysis

Conducting such a large and detailed study required a lot of planning. "The amount of coordination that all of the labs involved in this study had to do was phenomenal," said Clish.

In partnership with Sue Bodine at the Carver College of Medicine at the University of Iowa, whose group collected tissue samples from animals after up to eight weeks of training, other members of the MoTrPAC team divided the samples up so that each lab -- Carr's team analyzing proteins, Clish's studying metabolites, and others -- would examine virtually identical samples.




"A lot of large-scale studies only focus on one or two data types," said Natalie Clark, a computational scientist in Carr's group. "But here we have a breadth of many different experiments on the same tissues, and that's given us a global overview of how all of these different molecular layers contribute to exercise response."

In all, the teams performed nearly 10,000 assays to make about 15 million measurements on blood and 18 solid tissues. They found that exercise impacted thousands of molecules, with the most extreme changes in the adrenal gland, which produces hormones that regulate many important processes such as immunity, metabolism, and blood pressure. The researchers uncovered sex differences in several organs, particularly related to the immune response over time. Most immune-signaling molecules unique to females showed changes in levels between one and two weeks of training, whereas those in males showed differences between four and eight weeks.

Some responses were consistent across sexes and organs. For example, the researchers found that heat-shock proteins, which are produced by cells in response to stress, were regulated in the same ways across different tissues. But other insights were tissue-specific. To their surprise, Carr's team found an increase in acetylation of mitochondrial proteins involved in energy production, and in a phosphorylation signal that regulates energy storage, both in the liver that changed during exercise. These changes could help the liver become less fatty and less prone to disease with exercise, and could give researchers a target for future treatments of non-alcoholic fatty liver disease.

"Even though the liver is not directly involved in exercise, it still undergoes changes that could improve health. No one speculated that we'd see these acetylation and phosphorylation changes in the liver after exercise training," said Jean-Beltran. "This highlights why we deploy all of these different molecular modalities -- exercise is a very complex process, and this is just the tip of the iceberg."

"Two or three generations of research associates matured on this consortium project and learned what it means to carefully design a study and process samples," added Hasmik Keshishian, a senior group leader in Carr's group and co-author of the study. "Now we are seeing the results of our work: biologically insightful findings that are yielding from the high quality data we and others have generated.That's really fulfilling."

Other MoTrPAC papers published today include deeper dives into the response of fat and mitochondria in different tissues to exercise. Additional MoTrPAC studies are underway to study the effects of exercise on young adult and older rats, and the short-term effects of 30-minute bouts of physical activity. The consortium has also begun human studies, and are recruiting about 1,500 individuals of diverse ages, sexes, ancestries, and activity levels for a clinical trial to study the effects of both endurance and resistance exercise in children and adults.
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Nutrient research reveals pathway for treating brain disorders | ScienceDaily
A University of Queensland researcher has found molecular doorways that could be used to help deliver drugs into the brain to treat neurological disorders.


						
Dr Rosemary Cater from UQ's Institute for Molecular Bioscience led a team which discovered that an essential nutrient called choline is transported into the brain by a protein called FLVCR2.

"Choline is a vitamin-like nutrient that is essential for many important functions in the body, particularly for brain development," Dr Cater said.

"We need to consume 400-500 mg of choline per day to support cell regeneration, gene expression regulation, and for sending signals between neurons."

Dr Cater said that until now, little was known about how dietary choline travels past the layer of specialised cells that separates the blood from the brain.

"This blood-brain barrier prevents molecules in the blood that are toxic to the brain from entering," she said.

"The brain still needs to absorb nutrients from the blood, so the barrier contains specialised cellular machines -- called transporters -- that allow specific nutrients such as glucose, omega-3 fatty acids and choline to enter.




"While this barrier is an important line of defence, it presents a challenge for designing drugs to treat neurological disorders."

Dr Cater was able to show that choline sits in a cavity of FLVCR2 as it travels across the blood-brain barrier and is kept in place by a cage of protein residues.

"We used high-powered cryo-electron microscopes to see exactly how choline binds to FLVCR2," she said.

"This is critical information for understanding how to design drugs that mimic choline so that they can be transported by FLVCR2 to reach their site of action within the brain.

"These findings will inform the future design of drugs for diseases such as Alzheimer's and stroke."

The research also highlights the importance of eating choline-rich foods -- such as eggs, vegetables, meat, nuts and beans.

The research is published in Nature and funded by the National Institutes of Health.
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Losing keys and everyday items 'not always sign of poor memory' | ScienceDaily
The mysteries of how memory works are explained in a new book that suggests anyone can boost their powers of recall -- and that losing your keys is normal.


						
Dr Megan Sumeracki and Dr Althea Need Kaminske say storing and retrieving information is far more complex than people think. Extremes of memory such as photographic or savant are also very rare despite their regular portrayal in films.

Their new book The Psychology of Memory outlines simple recollection-boosting techniques to improve learning -- or to help remember names and numbers.

Forgetting is normal

The authors highlight how a degree of forgetting is natural to allow the brain to remember more general information. Memory does not work like a recording device, they say, but 'more like a Wiki page' because details can be edited.

The authors, who are both US-based psychologists, call for greater understanding of how memory really works, as it can have real life impact. For example, they suggest potential jurors should be taught how memory works, as victims of crime may not be believed in court because their memories are patchy even though this is perfectly normal.

Dr Kaminske writes: "Because we are most aware of our memory when we have trouble remembering something, our intuitions about how memory works might be a little biased.




"For example, I (Althea) spend an embarrassing amount of time looking for my phone, water bottle, and keys. You may be unsurprised to learn that our memory systems are not necessarily designed to remember where we put our phones. Or keys. Or water bottles.

"Though we would hazard a guess that if we were in a survival scenario where dehydration was a concern, we would be much more aware of water sources.

"People are better at remembering information when they process it in a fitness-relevant scenario, such as being stranded in the grasslands of a foreign land."

How to improve memory

The Psychology of Memory uses research based on cognitive psychology to increase understanding of all types of memory and their impact. It shows how memory has a huge impact on our lives and can be impaired by alcohol, sleep-deprivation and caffeine.

The book explains the science behind different memory systems and types, such as short and long-term memory, and what they are used for.




The authors debunk myths such as that memory is merely a collection of past events. Instead, they show how it is vital for remembering to perform a task in future.

Strategies can strengthen this type of memory which is known as 'event-based' recall. Dr Sumeracki and Dr Kaminske suggest leaving a purse in the back seat of the car as a cue to remember to remove your child from their car seat before heading into work.

Other memory-boosting techniques can improve long-term knowledge and lead to more efficient learning, according to the authors.

One technique described in the book is 'retrieval practice', the strategy of 'pulling' facts from memory. An example is learning a new colleague's name by deliberately addressing them by it every time you see them.

Chess players remember the location of pieces on the board using schema, a way of organizing new information in the brain. The benefit of schema is it also reduces demands on working memory, and while the authors are not suggesting that it is easy to become a chess champion, anyone can use schema to store and recall complex information.

"Visual and auditory techniques can also help train the memory of normal individuals. The ability to recall the order of cards in a pack seems impressive but can be achieved by creating mental associations for each card," they explain.

"Anyone who has studied knows that regular practice is essential. But to become an expert in a field of learning, people need to employ deliberate practice. The difference is that deliberate practice involves purposeful and deliberate attention whereas regular practice just involves repetition."

Book information:

The Psychology of Memory, by Megan Sumeracki, Althea Need Kaminske (Routledge 2024) ISBN: Paperback: 9781032488639 | Hardback 9781032488646 | eBook 9781003391166 DOI: https://doi.org/10.4324/9781003391166
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Virtual reality environment for teens may offer an accessible, affordable way to reduce stress | ScienceDaily
Social media. The climate crisis. Political polarization. The tumult of a pandemic and online learning. Teens today are dealing with unprecedented stressors, and over the past decade their mental health has been in sustained decline. Levels of anxiety and depression rose after the onset of the COVID-19 pandemic. Compounding the problem is a shortage of mental health providers -- for every 100,000 children in the U.S., there are only 14 child and adolescent psychiatrists.


						
In response to this crisis, University of Washington researchers studied whether virtual reality might help reduce stress for teens and boost mental health. Working with adolescents, the team designed a snowy virtual world with six activities -- such as stacking rocks and painting -- based on practices shown to improve mental health.

In a 3-week study of 44 Seattle teens, researchers found that teens used the technology an average of twice a week without being prompted and reported lower stress levels and improved mood while using it, though their levels of anxiety and depression didn't decline overall.

The researchers published their findings April 22 in the journal JMIR XR and Spatial Computing. The system is not publicly available.

"We know what works to help support teens, but a lot of these techniques are inaccessible because they're locked into counseling, which can be expensive, or the counselors just aren't available," said lead author Elin Bjorling, a UW senior research scientist in the human centered design and engineering department. "So we tried to take some of these evidence-based practices, but put them in a much more engaging environment, like VR, so the teens might want to do them on their own."

The world of Relaxation Environment for Stress in Teens, or RESeT, came from conversations the researchers had with groups of teens over two years at Seattle Public Library sites. From these discussions, the team built RESeT as an open winter world with a forest that users could explore by swinging their arms (a behavior known to boost mood) to move their avatar. A signpost with six arrows on it sent users to different activities, each based on methods shown to improve mental health, such as dialectical behavior therapy and mindfulness-based stress reduction.

In one exercise, "Riverboat," users put negative words in paper boats and send them down a river. Another, "Rabbit Hole," has players stand by a stump; the longer they're still, the more rabbits appear.




"In the co-design process, we learned some teens were really afraid of squirrels, which I wouldn't have thought of," Bjorling said. "So we removed all the squirrels. I still have a Post-It in my office that says 'delete squirrels.' But all ages and genders loved rabbits, so we designed Rabbit Hole, where the reward for being calm and paying attention is a lot of rabbits surrounding you."

To test the potential effects of RESeT on teens' mental health, the team enrolled 44 teens between ages 14 and 18 in the study. Each teen was given a Meta Quest 2 headset and asked to use RESeT three to five times a week. Because the researchers were trying to see if teens would use RESeT regularly on their own, they did not give prompts or incentives to use the headsets after the start of the study. Teens were asked to complete surveys gauging their stress and mood before and after each session.

On average, the teens used RESeT twice a week for 11.5 minutes at a time. Overall, they reported feeling significantly less stressed while using RESeT, and also reported smaller improvements in mood. They said they liked using the headset in general. However, the study found no significant effects on anxiety and depression.

"Reduced stress and improved mood are our key findings and exactly what we hoped for," said co-author Jennifer Sonney, an associate professor in the UW School of Nursing who works with children and families. "We didn't have a big enough participant group or a design to study long-term health impacts, but we have promising signals that teens liked using RESeT and could administer it themselves, so we absolutely want to move the project forward."

The researchers aim to conduct a larger, longer-term study with a control group to see if a VR system could impart lasting effects on mood and stress. They're also interested in incorporating artificial intelligence to personalize the VR experience and in exploring offering VR headsets in schools or libraries to improve community access.

Additional co-authors were Himanshu Zade, a UW lecturer and researcher at Microsoft; Sofia Rodriguez, a senior manager at Electronic Arts who completed this research as a UW master's student in human centered design and engineering; Michael D. Pullmann, a research professor in psychiatry and behavioral sciences at the UW School of Medicine; and Soo Hyun Moon, a senior product designer at Statsig who completed this research as a UW master's student in human centered design and engineering. This research was funded by the National Institute of Mental Health through the UW ALACRITY Center, which supports UW research on mental health.
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Clogged arteries worsened by cells that behave like cancer cells | ScienceDaily
-Columbia University researchers have found cells inside clogged arteries share similarities with cancer and aggravate atherosclerosis, raising the possibility that anticancer drugs could be used to treat atherosclerosis and prevent heart attacks.


						
Their study found that smooth muscle cells that normally line the inside of our arteries migrate into atherosclerotic plaques, change their cell identity, activate cancer genes, and proliferate inside the plaques.

"Our study shows that these transformed muscle cells are driving atherosclerosis, opening the door to new ways to treat the disease, potentially with existing cancer drugs," says Muredach Reilly, MD, the Florence and Herbert Irving Endowed Professor of Medicine at Columbia University Vagelos College of Physicians and Surgeons and director of Columbia's Irving Institute for Clinical and Translational Research.

The study, published April 30 in Circulation, was led by Reilly and Huize Pan, now an assistant professor of medicine at Vanderbilt University Medical Center, who conducted the research when he was an associate research scientist at Columbia.

DNA damage, hyperproliferation

Atherosclerosis is the major cause of heart attacks and stroke around the world and occurs when fat deposits build up inside the arteries. Atherosclerosis can be reduced with a healthy diet or drugs called statins that slow or reverse the buildup of deposits.

Previous studies had found that smooth muscle cells metamorphose into different types of cells inside these atherosclerotic plaques and multiply to make up most cells within the plaques.




Yet until now, few studies had examined the cancer-like properties of the cells and if these changes contributed to atherosclerosis. To learn more, Reilly and Pan closely tracked the development of transformed smooth muscle cells in mice with atherosclerosis and sampled plaques of people with atherosclerosis.

They found striking parallels between changes in the smooth muscle cells and tumor cells, including hyperproliferation, resistance to cell death, and invasiveness.

DNA damage, another hallmark of cancer, accumulated in the mouse and human smooth muscle cells and appears to accelerate atherosclerosis, the researchers found. The researchers could further accelerate atherosclerosis in mice by introducing a genetic mutation that increased DNA damage within the smooth muscle cells. Vascular tissue from healthy mice and people had no signs of smooth muscle cells with the DNA damage found in atherosclerotic plaques.

Reilly adds that they found no evidence of metastasis. "The cells stay inside existing plaques, which makes us think that they behave mostly like benign tumor cells, but more work needs to be done in humans and animal models to address this hypothesis," he says.

Treating atherosclerosis like cancer

If atherosclerosis is driven by cancer-like cells, anticancer therapies may be a potential new way to treat or prevent the disease.




The researchers explored that idea by treating atherosclerotic mice with a common cancer drug, niraparib, that targets cells with DNA damage. The drug significantly decreased the size of the atherosclerotic plaques and improved plaque stability (stable plaques reduce the odds of having a heart attack).

"This suggests that cancer drugs like niraparib could both prevent the buildup of plaques and treat atherosclerosis once its established," Reilly says. "But it's important to note that the experiment with niraparib was proof of a principle and does not directly translate to clinical use."

Other cancer drugs may also have benefits. "We need more work to select the best targets, safest targeted therapies, and vascular delivery strategies," Reilly says. "And we need to determine if different people have different types of DNA damage and mutations that drive the disease, and, if so, we can use that information to develop personalized therapies to treat atherosclerosis," Reilly says.

"Statins are very effective in many people at reducing atherosclerosis and preventing hearts attacks, but some people still have substantial cardiovascular risk. We think more research into the cancer-like properties of atherosclerosis will lead to new treatment options for these patients."
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Life expectancy in two disadvantaged areas higher than expected | ScienceDaily
Better than expected life expectancy in two disadvantaged areas in England is probably due to population change according to local residents and professionals.


						
In the UK, people from the most disadvantaged areas can expect to die nine years earlier compared with people from the least disadvantaged areas while people in the north of England have lower life expectancy, higher infant mortality and worse health and wellbeing compared with national averages.

The study, funded by the NIHR School for Public Health Research, was a collaboration between Lancaster University, the London School of Hygiene and Tropical Medicine, the University of Liverpool and Northumbria University.

Researchers examined trends in life expectancy (LE) following the introduction of austerity policies in 2010, when gains in LE generally stalled.

They selected two case studies -- a rural local authority area in the Northwest and an urban local authority area in the South-East of England. Both are in the bottom third of the most disadvantaged areas, with life expectancy below the average of 79.6 for men and 83.2 for women in England.

Changes in LE at birth and at 65 years, between 2010-12 and 2015-17, were identified based on data supplied by Public Health England and the Office for National Statistics.

Both the NW and SE Areas showed greater gains than expected given levels of social and economic disadvantage. Male LE increased by between 1 and 2 years at birth and 0.6 to 1.4 at 65 while female LE rose by between 0.6-1.6 at birth and 0.4 to 1 year at age 65.




Participants interviewed for the study from both areas described population changes as factors. Local action, such as working in partnership and targeting services in areas of need may have contributed to mitigating the worst effects of austerity.

In the NW Area, some thought young families moving into the area were taking advantage of lower house prices and rental costs compared with more expensive areas near the urban centre.

One local authority officer said: "I'd heard about the in-migration of people, from probably from [large city]. And the rental costs for housing in [the town] have gone up according to Rightmove. I think it was in the very recent past, so I do wonder when we look at this question as to whether there might have been an influx of middle-class folks who are escaping the city."

There were new housing developments and also a suggestion that town centre improvements may have contributed to the area becoming a more attractive place to live for people moving out of the city. While house prices and rental costs were lower compared with surrounding areas, they were rising significantly, which may have implications for the existing population.

One resident from the NW Area said: "It makes it more difficult for people locally, doesn't it? Because you know, if they're already struggling too. If they don't have a car, ... if they don't have access to things, that makes it so much more difficult."

Whereas in the SE area, there was a perception that young professionals with highly paid jobs were re-locating, against the backdrop of an existing transient and diverse population.




As one health professional said: "The industry has changed; it used to be a car town where [large car manufacturer] was based and there were lots of middle-aged men working in factories. There's now much less of that and there's a sort of tech industry so they've brought in a younger population. In terms of linking to health issues I think it's much more the population migration sort of background that has an impact."

Lead author Dr Rebecca Mead is a Research Fellow from the NIHR School for Public Health Research (SPHR) Health Inequalities Programme from Lancaster University.

She said: "Population changes and austerity, were perceived as more important to stakeholders than what was happening within an area, including local strategies and action. These perceived population changes may have been influenced by policy decisions affecting wider determinants of health'; town centre renewal programmes attracting young families in NW, and improved rail links with the major city attracting young professionals in SW. Inward migration positively affecting health outcomes and LE does not suggest these areas are health resilient.

"Stakeholders within areas of disadvantage might use this knowledge to consider the unintended consequences on existing populations of policies designed to attract more affluent people to their neighbourhoods. For example, increasing house prices and rental costs pushing existing populations out of neighbourhoods.

Professor of Public Health Matt Egan from the London School of Hygiene and Tropical Medicine said: "Our local authorities have the difficult job of trying to improve population health -- but they don't all operate in a level playing field. Some have relatively bigger issues to address and less resources to do it with. Our findings suggest that while those trying to improve the health of those in need try lots of different approaches, they assume their success is likely to be determined by external factors such as local population change and austerity."
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Women are 40% more likely to experience depression during the perimenopause | ScienceDaily
Women are 40% more likely to experience depression in the perimenopause than those who aren't experiencing any menopausal symptoms, finds a new study led by UCL researchers.


						
The research, published in the Journal of Affective Disorders, provided a meta-analysis of seven studies involving 9,141 women from across the world (including Australia, USA, China, Netherlands and Switzerland), to understand whether different stages of the menopause were associated with different risk of depression.

The perimenopause usually occurs around three to five years before the onset of menopause. During this stage women's oestrogen and progesterone levels begin to fluctuate, causing them to experience mood changes, irregular menstrual cycles and other menopausal symptoms, including increased feelings of depression.

This stage of the menopause continues until one year after a woman's last period and can often last for between four and eight years in total.

The researchers found that perimenopausal women had a significantly higher risk (around 40%) of experiencing depressive symptoms and being diagnosed with depression compared to premenopausal women.

There was no significant increase in depression risk for post-menopausal women compared to those who were premenopausal.

Symptoms were measured using standardised, internationally recognised self-report instruments, including the Patient Health Questionnaire PHQ-9 (which considers factors such as a lack of interest in doing things, issues with sleep, and feelings of low mood).




Senior author Dr Roopal Desai (UCL Psychology & Language Sciences) said: "This study shows that women in the perimenopausal stage are significantly more likely to experience depression than either before or after this stage.

"Our findings emphasise the importance of acknowledging that women in this life-stage are more vulnerable to experiencing depression. It also underlines the need to provide support and screening for women to help address their mental health needs effectively."

The new study comes shortly after the researchers' previous publication*, which found that therapy -- such as mindfulness and cognitive behavioural therapy -- could be an effective form of treatment for non-physical symptoms of the menopause.

Corresponding author, Professor Aimee Spector (UCL Psychology & Language Sciences), said: "Women spend years of their lives dealing with menopausal symptoms that can have a huge impact on their wellbeing and quality of life.

"Our findings show just how significantly the mental health of perimenopausal women can suffer during this time. We need greater awareness and support to ensure they receive appropriate help and care both medically, in the workplace and at home."

Lead author and UCL Masters student, Yasmeen Badawy (UCL Psychology & Language Sciences) said: "Combining data from global studies indicates that these findings cannot be attributed to cultural factors or lifestyle changes alone which have been sometimes used to explain the depressive symptoms that women experience during perimenopause."
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Every breath you take: Study models the journey of inhaled plastic particle pollution | ScienceDaily
With recent studies having established the presence of nano and microplastic particles in the respiratory systems of both human and bird populations, a new University of Technology Sydney (UTS) study has modelled what happens when people breathe in different kinds of plastic particles and where they end up.


						
Led by Senior Lecturer of Mechanical Engineering Dr Suvash Saha, the UTS research team has used computational fluid-particle dynamics (CFPD) to study the transfer and deposition of particles of different sizes and shapes depending on the rate of breathing.

The results of the modelling, published in the journal Environmental Advances, have pinpointed hotspots in the human respiratory system where plastic particles can accumulate, from the nasal cavity and larynx and into the lungs.

Dr Saha said evidence was mounting on the significant impact of nano and microplastics on respiratory health and the UTS study would provide essential insights for the development of targeted strategies to mitigate potential risks and ensure effective health interventions.

"Experimental evidence has strongly suggested that these plastic particles amplify human susceptibility to a spectrum of lung disorders, including chronic obstructive pulmonary disease, fibrosis, dyspnea (shortness of breath), asthma, and the formation of what are called frosted glass nodules," Dr Saha said.

"Plastic particle air pollution is now pervasive and inhalation ranks as the second most likely pathway for human exposure.

"The primary types are intentionally manufactured, including a wide array of cosmetics and personal care products such as toothpaste.




"The secondary ones are fragments derived from the degradation of larger plastic products, such as water bottles, food containers and clothes.

"Extensive investigations have identified synthetic textiles as a principal source of indoor airborne plastic particles, while the outdoor environment presents a multitude of sources encompassing contaminated aerosols from the ocean to particles originating from wastewater treatment."

Dr Saha said the UTS team's modelling found that breathing rate along with particle size and shape determined where in the respiratory system plastic particles would be deposited.

"Faster breathing rates led to heightened deposition in the upper respiratory tract, particularly for larger microplastics, whereas slower breathing facilitated deeper penetration and deposition of smaller nanoplastic particles," he said.

"Particle shape was another factor, with non-spherical microplastic particles showing a propensity for deeper lung penetration compared to spherical microplastics and nanoplastics, potentially leading to different health outcomes.

"These findings highlight the imperative consideration of breathing rates and particle sizes in health risk assessments associated with respiratory exposure to nano and microplastic particles."
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One-two punch treatment delivers blood cancer knockout | ScienceDaily
A novel combination of two cancer drugs has shown great potential as a future treatment for patients with acute myeloid leukaemia (AML), one of the most common types of blood cancers.


						
A new study by WEHI researchers has revealed the combination of two existing drugs eradicated AML cancer cells in lab-based tests.

The discovery, published in Cancer Cell, could soon lead to clinical trials, providing hope for the 1100 Australians diagnosed with AML annually.

At a glance
    	WEHI researchers have for the first time tested a dual drug combination against AML, which proved highly effective in killing cancer cells in lab-based tests.
    	The researchers treated cancer cells with a combination of venetoclax, a current standard-of-care drug for AML, and a STING agonist, an emerging class of immunotherapy drugs.
    	This drug combination was notably successful against the more aggressive and difficult to treat forms of AML. This discovery may also change the way STING agonist drugs are used to treat other cancers.

Stimulating the 'cell death enforcer' 

The WEHI research team paired venetoclax, a current standard-of-care anti-cancer drug for AML, with a STING agonist, an emerging class of immunotherapy drugs. Venetoclax was based on a landmark research discovery at WEHI.

Study co-first author Dr Sarah Diepstraten said the team examined a range of different blood cancers, including cancer samples from patients with AML and treated them in the lab with the drug combination, leading to striking results.




"It's really impressive -- combining venetoclax with this emerging immunotherapy treatment can actually eradicate AML," said Dr Diepstraten.

"This is the one-two punch combo that could be the knockout blow for AML. You could almost paraphrase the famous boxer Muhammed Ali and say this treatment floats like a butterfly, and STINGs like a bee."

Critically, the combination treatment showed high promise in AML samples that were driven by a mutated p53 protein, a type of AML that is generally more aggressive and harder to treat.

The p53 protein plays a critical role in our bodies. When it is working effectively, it prevents the formation of cancerous cells by enforcing the death, or arresting the growth, of cells that have become damaged or abnormal.

But when the p53 protein is mutated and becomes defective in groups of cells, it can significantly boost a person's risk of developing cancer.

Mutations of p53 are thought to be the biggest driver of cancer development and are found in half of all human cancers around the globe.




As cancers associated with p53 mutations tend to be more aggressive and resistant to treatment, there is a critical need for better therapies.

"For AML patients that do not have as much therapy-induced death of their leukaemia cells due to this mutated protein, combining venetoclax with a STING agonist causes more killing of AML cells than treating with venetoclax alone," said Dr Diepstraten.

"The treatment was highly effective at killing cancer cells in samples with and without the p53 mutation, which is exciting given the lack of effective treatments for aggressive cancers driven by mutations in p53.

"We want to see more and more patients getting into long-term remission from blood cancers like AML, and we think adding STING agonists to the treatment regimen could be the key."

A STING in the cancer tale

The study marks the first time that a STING agonist has been used to directly target mechanisms within the cancer cells themselves, stimulating the natural processes that cause these cells to die.

To date, the STING agonist immunotherapy drugs have been chiefly used to attack solid tumours by activating the body's immune response.

The new research builds our understanding of how STING agonists work and indicates for the first time that they could be successful in ways that had not been previously anticipated: against blood cancers, and by directly targeting the cancer cells intrinsically.

Associate Professor Gemma Kelly, co-senior author on the study, said that both venetoclax and the STING agonists played complementary roles in killing cancer at the cellular level.

"Within a cancer cell, venetoclax blocks the machinery of the cell that is keeping it alive. In certain blood cancers where this response is sub-optimal, STING agonists can supercharge this effect to deliver cancer a deathly blow," Assoc Prof Kelly, a laboratory head in WEHI's Blood Cells and Blood Cancer division, said.

"It is these two drugs, working in tandem, that led to the highly effective killing of AML cancer cells in our lab-based tests, in results that were truly striking."

WEHI lab head Professor Andrew Wei, co-senior author on the study, said that while further research was needed, the findings were highly promising.

"While early clinical trials in solid cancers have suggested STING agonists are well tolerated in the body, these results offer exciting new hope for patients with the most resistant forms of leukaemia," said Prof Wei.

"Given STING agonists are currently in clinical trials, we hope to conduct human studies using STING agonists in combination with venetoclax in the near future.

"The research findings are important, as they will inspire a completely new clinical approach for patients affected by the most resistant and deadly forms of acute leukaemia."

WEHI researchers and clinicians are now translating these highly promising findings into a new clinical trial in AML patients in collaboration with Melbourne-based Aculeus Therapeutics, a local biotechnology company with a proprietary STING agonist.

Dr Mark Devlin, CEO of Aculeus Therapeutics, which has spent the last several years developing a potent STING agonist, couldn't be more excited about the potential for the recent WEHI discovery.

"Drug discovery and development is the ultimate scientific team sport," he said.

"Aculeus has developed a promising new drug but the collaboration with the WEHI teams, that have a deep understanding of the disease biology and the clinical landscape, will help shape how that drug will be used most effectively."

Aculeus' STING agonist, ACU-0943, is expected to enter clinical development for the treatment of AML later this year.
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Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows | ScienceDaily
The body clock has a significant impact on the performance of NBA players, according to study published in the peer-reviewed journal Chronobiology International.


						
The authors say their findings, from more than 25,000 matches, show elite basketball coaches and teams should consider the physical and mental effects of time zone travel when planning games and preparing for games.

A first of its kind, the research is based on the achievements at home and away of NBA (National Basketball Association) league players across 21 consecutive seasons. Considered the most competitive in the world, NBA athletes frequently travel to matches across the five US time zones used by NBA teams.

The findings show that there is a near 10% better win ratio difference for home teams from the western time zone area (PDT) when playing against a team from the eastern EDT time zone, compared to when an EDT team hosts a PDT team.
    	When PDT teams play at home against EDT teams the winning percentage is 63.5%.
    	When EDT teams host a PDT team, the winning percentage drops to 55.0%.

In addition, the findings also show that teams win more home games when players' sleep-wake cycles -- linked to their circadian rhythm (CR) -- are 'ahead' of the local time. This is after they have returned west from competing in a city further east where the local time is earlier.

For example, if the LA Lakers play an away match at Miami (EDT) and then return to Los Angeles (PDT) to play a home game without much CR adaptation time (CR is ahead of the local time), the Lakers play the next home game with a CR advantage against whomever their opponents are.

Teams do not have the same success when players' internal body clocks are either behind or synchronized with the local time where their home arena or stadium is based, according to the results.




Experts from Dokuz Eylul University and Yildiz Technical University, in Turkey, led the study. Dr Firat Ozdalyan, a Sport Physiology expert from Dokuz Eylul, explains that they found NBA teams need to become used to the local time when they play away games to perform well.

"One of the most important results of this research for the home games of the NBA teams is that while traveling to the west increases the performance, traveling to the east decreases the performance," he states.

"Another notable finding is that the success of NBA teams increases when they are fully adapted to the local time for away games.

"Home teams who will be exposed to such a CR phase shift (traveling from west to east) should be mindful of these potential performance detriments when constructing game plans.

"It can be suggested that coaches (of away teams) should bear this (the low shooting success) in mind during the game preparation period."

A circadian rhythm (CR) is the body's sleep-wake pattern over a 24-hour day. A CR phase shift means bedtime and wake-up times move earlier or later in the day.




This means the body clock gets out of sync with the environment which can lead to sleeplessness, daytime tiredness and other issues. The body clock needs 24 hours to adapt for every one-hour time zone change.

The study investigated the effect of a CR shift on the performance of professional NBA athletes.

Data was analyzed from 25,016 regular games across 21 consecutive seasons between 2000 to 2021. Information included the date, location, game result and home or away team. Time zones of the cities where all games were played were identified to calculate the CR phase shifts of the teams.

The expert team say teams in the Pacific time zone may have an advantage in regular season home games such as the Los Angeles Lakers, Portland Trail Blazers, and Seattle Supersonics.

Anaerobic performance could explain why home teams who travel from east to west do better, say the authors. This type of activity which is crucial for scoring, defending and other feats peaks later in the day.

The authors add that the body clock adapts more easily to a long rather than a short day. The day becomes longer traveling east to west and a natural circadian rhythm is slightly longer than 24 hours. So this means basketball players are traveling in the direction their bodies want to go.

As for away teams, the authors say that travel fatigue is more likely to blame for poor performance than phase shifts in CR.

Players who have rest time between games or have not traveled across time zones for an away match are more able to synchronize their body with the local time. As such, they are not as tired and play better.

A limitation of this research is that the traveling schedules of the teams are not known. Since this information was not available, it was not possible to determine how long the teams stayed in which city/time zone; how much they adapted to the local UTC; and what extent they were exposed to a CR phase shift with real data. Therefore, the team used a predictive model for the traveling plans and CR adaptations of the teams by following the rules determined by previous research.

Another limitation is that the games were not separated according to teams' ability differences.
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Discovery of an atypical heat shock factor, HSF5, involved in meiotic mechanisms: Implications for male infertility | ScienceDaily
Kumamoto University researchers have identified a novel Heat Shock Factor (HSF), designated as HSF5, which plays a crucial role in the completion of meiosis and the activation of genes essential for sperm formation. This discovery provides valuable insights into underlying causes of spermatogenic failure, the major contributor to male infertility. Furthermore, unlike other typical Heat Shock Factors, which primarily regulate gene expression in response to stress, such as heat shock, HSF5 plays a specific role in male germ production during meiosis under non-stress conditions.


						
In eukaryotic cell division, genomic information is equally distributed to daughter cells during mitosis, whereas it is halved during a specialized type of cell division called meiosis?which is necessary for germ cell production. In male germ cell, sperm formation follows the completion of meiosis, with multiple gene regulatory programs. However, the mechanisms governing meiotic progression and the specific transcription factors involved remain poorly understood, posing significant challenges in reproductive medicine, particularly concerning male infertility. To address these gaps, Professor Kei-ichiro Ishiguro, Assistant Professor Ryuki Shimada, and their research team aim to clarify the mechanisms regulating male meiosis that lead to sperm production, focusing on the identification and characterizing related transcription factors.

In the previous study, the team identified a meiosis switch gene MEIOSIN, which activates the expression of hundreds of genes involved in sperm formation (Ishiguro et al., Dev Cell 2020). Among these genes, Heat Shock Factor emerged as a focus of interest testes due to the testes' sensitivity to heat stress, given their external positioning, which maintains a temperature 3-4 degrees Celsius lower than the body's internal temperature of 37 degrees Celsius. Although the main roles of Heat Shock Factors such as HSF1, HSF2, HSF3, and HSF4 have been well identified, the function of HSF5 remains unclear. "Whether HSF5 shares similar functions with other Heat Shock Factors, or exhibits entirely different functions poses an intriguing question, and addressing this question was the original intension our study." explains Professor Ishiguro.

Surprisingly, different from other HSFs responding to stress, the study showed that HSF5 plays an essential role in the meiotic prophase progression in male germ cells under non-stress conditions. HSF5 is required for progression beyond the pachytene stage during spermatogenesis, guiding the meiotic program towards completion and activating genes associated with sperm formation.

Just like other transcription factors, HSF5 binds to DNA promoters to regulate gene expression. What distinguishes HSF5 is its unique target specificity. The research revealed that the DNA motif it recognizes for binding to gene promoter, differs from those bound by other canonical HSF family transcription factors.

All these findings underscore HSF5's atypical role in gene expression during meiotic prophase in males.

The results of this study were validated through experimentation on mice, with a crucial recognition that HSF5 is also present in humans. Given that many underlying causes of infertility in humans, especially in cases of spermatogenic failure, remain elusive, the findings of this study are anticipated to contribute significantly to understanding the pathogenesis of male infertility.
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A blood test for stroke risk? Biomarker for risk of future cerebrovascular disease | ScienceDaily
A simple blood test could allow doctors to determine whether a person may be at higher risk for stroke or cognitive decline during their lifetime, according to a new UCLA Health study.


						
The study, published in the journal Stroke, found that measuring concentrations of a network of inflammatory molecules in the blood could allow doctors to calculate a risk score for susceptibility for cerebral small vessel disease -- a common cause of stroke and a contributor to cognitive decline found especially among the elderly.

Currently, the only way to determine a person's risk for cerebral vascular diseases has been to use a combination of imaging such as an MRI scan, family history, demographic variables and other risk factor evaluations, said study lead author Dr. Jason Hinman of the UCLA Comprehensive Stroke and Center and the Mary S. Easton Center for Alzheimer's Research and Care at UCLA. In clinical practice, neurologists may only find a patient is at risk after they have had a stroke or a cerebral event that warns of one, Hinman said.

The new study found that by measuring the concentrations of this network of inflammatory molecules in the blood of patients who have not had a cerebrovascular event, medical providers may be able to quantitatively assess a person's risk for cerebral small vessel disease and future stroke.

"The same way one uses cholesterol tests to evaluate one's future risk for heart attack, we don't have such a thing to estimate future risk for stroke," Hinman said. "I believe we can do that by something as simple as a blood test which in theory can enable broader access to the best level of care and not lock it behind advanced imaging studies and specialist evaluations."

The study focused on a biologically-connected network of inflammatory molecules known as the interleukin-18, or IL-18, network, which includes proteins and signaling molecules used to fight various infections.

Past studies have linked individual molecules in the IL-18 network to cerebral small vessel disease and stroke risk. However, the concentration of these individual molecules can fluctuate in response to other ailments such as the flu or autoimmune disorders, making them unreliable predictors of stroke risk at an individual level, Hinman said.




In 2020, University of California researchers including Hinman found that six molecules in the IL-18 network were associated with the presence of vascular brain injuries during MRI scans.

Building off these findings, Hinman sought to determine in this latest publication whether IL-18 network could be used to assess a person's susceptibility to stroke risk or cognitive decline.

To test this, the researchers used health data from a generations-long study known as the Framingham Heart Study. This study has tracked the medical history of thousands of residents in the city of Framingham, Massachusetts, throughout their lives since launching in 1948. Blood samples taken from participants had been tested for five of the six molecules later identified as being in the IL-18 network.

By using the blood samples and medical histories of the Framingham participants, Hinman and his coauthor were able to create a mathematical model that generates a risk score based on the concentrations of the IL-18 network molecules. Of the more than 2,200 Framingham residents included in Hinman's study, those whose risk scores were in the top 25% had an 84% chance of having a stroke during their lifetime. Overall, elevated risk scores were associated with a 51% increased risk of stroke and resulted in diagnostic prediction compared to existing risk assessment tools.

What remains unclear and requires further study is how or if a person's risk score can be modified or reduced, Hinman said.

"The real challenge is in the primary care space. Are you at risk before you have an event?" Hinman said. "That's what we're all interested in doing is preventing a stroke before it even happens."
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Brief anger may impair blood vessel function | ScienceDaily
A brief episode of anger triggered by remembering past experiences may negatively impact the blood vessels' ability to relax, which is essential for proper blood flow, according to new research published today in the Journal of the American Heart Association, an open access, peer-reviewed journal of the American Heart Association.


						
Previous research has found that impairment of blood vessels' ability to relax may increase the risk of developing atherosclerosis, which may, in turn, increase the risk of heart disease and stroke.

"Impaired vascular function is linked to an increased risk of heart attack and stroke," said lead study author Daichi Shimbo, M.D., a professor of medicine at the Columbia University Irving Medical Center in New York City. "Observational studies have linked feelings of negative emotions with having a heart attack or other cardiovascular disease events. The most common negative emotion studied is anger, and there are fewer studies on anxiety and sadness, which have also been linked to heart attack risk."

In this study, the researchers investigated whether negative emotions -- anger, sadness and anxiety -- may have an adverse impact on blood vessel function compared to a neutral emotion. The 280 adults in the study were randomly assigned to one of four emotional tasks for 8 minutes: recalling a personal memory that made them angry; recalling a personal memory of anxiety; reading a series of depressing sentences that evoked sadness; or repeatedly counting to 100 to induce an emotionally neutral state. This protocol, "Putative mechanisms Underlying Myocardial infarction onset and Emotions (PUME)," was described by the researchers in a previous paper.

Researchers assessed the cells lining each study participant's blood vessels before the tasks and at several points after, looking for evidence of impaired blood vessel dilation, increased cell injury and/or reduced cell repair capacity. The measurements taken before the emotional tasks were repeated after tasks were completed.

Measurements were taken for each participant at baseline (0 minutes) and at four different timepoints after experiencing the assigned emotional task: 3 minutes, 40 minutes, 70 minutes and 100 minutes. The analysis found:
    	Tasks that recalled past events causing anger led to an impairment in blood vessel dilation, from zero to 40 minutes after the task. The impairment was no longer present after the 40-minute mark.
    	There were no statistically significant changes to participants' blood vessel linings at any time points after experiencing the anxiety and sadness emotional tasks.

"We saw that evoking an angered state led to blood vessel dysfunction, though we don't yet understand what may cause these changes," Shimbo said. "Investigation into the underlying links between anger and blood vessel dysfunction may help identify effective intervention targets for people at increased risk of cardiovascular events."

According to an American Heart Association 2021 scientific statement, Psychological Health, Well-Being, and the Mind-Heart-Body Connection, mental well-being can positively or negatively impact a person's health and risk factors for heart disease and stroke.




"This study adds nicely to the growing evidence base that mental well-being can affect cardiovascular health, and that intense acute emotional states, such as anger or stress, may lead to cardiovascular events," said Glenn Levine, M.D., FAHA, writing committee chair of the scientific statement, and master clinician and professor of medicine at Baylor College of Medicine, and chief of the cardiology section at the Michael E. DeBakey VA Medical Center, both in Houston.

"For instance, we know that intense sadness or similar emotions are a common trigger for Takatsubo cardiomyopathy, and events such as earthquakes or even as a fan watching a world soccer match, which provoke stress, may lead to myocardial infarction and/or to arrhythmias. This current study very eloquently shows how anger can negatively impact vascular endothelial health and function, and we know the vascular endothelium, the lining of blood vessels, is a key player in myocardial ischemia and atherosclerotic heart disease. While not all the mechanisms on how psychological states and health impact cardiovascular health have been elucidated, this study clearly takes us one step closer to defining such mechanisms."

Study background and details:
    	The Putative mechanisms Underlying Myocardial infarction onset and Emotions (PUME) study is a randomized controlled experimental study conducted from August 2013 to May 2017.
    	Participants were recruited from the community surrounding Columbia University Irving Medical Center in New York City.
    	Participants were ages 18 or older and healthy. In this study, healthy was defined as no history of heart disease, stroke, bypass surgery or stents, transient ischemic attack, peripheral arterial disease, heart failure, high blood pressure, high cholesterol, Type 2 diabetes or self-reported diagnosis of a mental health disorder; not taking any prescription medications or dietary supplements; and not currently smoking.
    	The average age of study participants was 26 years. Approximately 50% of participants self-identified as women. About 40% of participants self-identified as white adults; 29% as Hispanic/Latino adults; 19% as Asian adults; and 14% as Black adults.
    	Participants' blood vessel health was assessed before and after completing the emotional tasks with finger probes that detect changes in blood flow in arteries.
    	Before completing the emotional tasks, participants were seated in a comfortable chair in a temperature-controlled room and instructed to relax for 30 minutes, during which time they were not allowed to talk, use their phones, read any documents or sleep.
    	After the participants had relaxed for 30 minutes, researchers measured participants' blood pressure with a cuff and corresponding heart rate. Two blood pressure measurements were taken one minute apart, then the dilation of participants' blood vessels was measured, and blood samples were collected for testing. Repeat measurements of blood pressure and dilation were conducted, and blood samples were collected again after the assigned emotional task was completed.
    	Researchers determined the extent to which participants' blood vessels were unable to dilate by measuring the blood flow in the participants' non-dominant forearm. They assessed the injury to participants' blood vessels by counting the number of circulating blood vessel lining biomarkers in the blood and assessed the regenerative ability of participants' vascular cells by measuring their circulating levels of bone-marrow-derived cells, which are essential for repair.

The study's limitations included that participants were young and apparently healthy, "making it unclear whether the results would apply to older adults with other health conditions, who would most likely be taking medications," Shimbo noted. In addition, participants were observed in a health care setting, rather than in real-world situations, and the study only assessed the short-term effects of evoked emotions.

Co-authors, disclosures and funding sources are listed in the manuscript.
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Activity in a room stirs up nanoparticles left over from consumer sprays | ScienceDaily
Common household products containing nanoparticles -- grains of engineered material so miniscule they are invisible to the eye -- could be contributing to a new form of indoor air pollution, according to a Rutgers study.


						
In a study published in the journal Science of the Total Environment, a team of Rutgers researchers found people walking through a space, where a consumer product containing nanoparticles was recently sprayed, stirred residual specks off carpet fibers and floor surfaces, projecting them some three to five feet in the air. A child playing on the floor nearby would be more greatly affected than the adult, experiments showed.

"If an adult is walking in a room, and steps on some of these deposited particles, we found that the particles will be re-suspended in the air and rise as high as that person's breathing zone," said Gediminas Mainelis, a professor in the Department of Environmental Science at Rutgers School of Environmental and Biological Sciences, who led the study. "A child playing on the floor inhales even more because the concentrations of particles are greater closer to the ground."

While it's still too early to gauge the long-term effects of these particles on people's health, Mainelis said the results are important to contemplate. "At this point, it's more about increasing awareness so that people know just what they are using," he said.

A nanoparticle is a fleck of material ranging in size approximately between 1 and 100 nanometers. A nanometer is one-billionth of a meter. The human eye only can see particles larger than ~50,000 nanometers. A sheet of office paper is about 100,000 nanometers thick.

Nanoparticles are in a wide range of popular household products such as cleaners, disinfectants, sunscreen, hairsprays, and cosmetic mists and powders.

Nanomaterials, often made from silver, copper or zinc, have become widely used in industry because of the unusual properties they exhibit when manipulated on a microscopic level.




Scientists have found particles altered at the "nanoscale" can differ in important ways from the properties exhibited by the material in bulk. Some nanoparticles are stronger or have different magnetic properties compared with other forms or sizes of the same material. They can conduct heat or electricity more efficiently. They've been found to become more chemically reactive, reflect light better or change color.

Since nanoparticles differ substantially from the properties of the same material in aggregated form, researchers worry that nanoparticles may differ in terms of being more strongly toxic, with consequences for human health.

"There is very limited knowledge of the potential for exposure to nanoparticles from consumer products and resulting health effects," said Mainelis, who has been studying these substances since 2012.

Scientists have long been familiar with the fact that pollutant particles deposited on flooring surfaces could be resuspended by walking, Mainelis said. What wasn't known was whether particles from nanotechnology-enabled consumer sprays could be resuspended. Also, the factors affecting resuspension weren't well understood.

To learn more, Mainelis and his team constructed an enclosed, air-controlled chamber in a section of his laboratory with both carpeting and vinyl flooring. They used a small robot to simulate the actions of a child. And, wearing Tyvek suits and respirators, they walked the surface after seven products containing nanoparticles of silver, zinc, and copper were sprayed into the air, and measured the results.

They confirmed nanoparticles were released by the tested sprays and reached the human breathing zone. They found children could be exposed to higher particle mass concentrations than adults during spraying and resuspension of deposited particles. The study also showed resuspension of particles from carpets produced a higher concentration of particles than from the vinyl flooring. The researchers also concluded that the concentration of particles resuspended by their motion depended on the product.

The research can guide individuals on approaches to protect health, Mainelis said.

"We can use this knowledge to minimize our exposures, in this case to various nanomaterials," Mainelis said. "Overall, this work could help us understand the resulting exposures and support future studies on human exposure reduction." Other researchers on the study included Jie McAtee, a postdoctoral associate, and Ruikang He, a doctoral student who graduated in 2023 and is now a postdoctoral associate in China, both in the Department of Environmental Science at the Rutgers School of Environmental and Biological Science.
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An electrifying discovery may help doctors deliver more effective gene therapies | ScienceDaily
In an effort to improve delivery of costly medical treatments, a team of researchers in electrical engineering at the University of Wisconsin-Madison has developed a stimulating method that could make the human body more receptive to certain gene therapies.


						
The researchers exposed liver cells to short electric pulses -- and those gentle zaps caused the liver cells to take in more than 40 times the amount of gene therapy material compared to cells that were not exposed to pulsed electric fields. The method could help reduce the dosage needed for these treatments, making them much safer and more affordable. The research appears April 30 in the journal PLOS ONE.

Gene therapy is a promising medical technology: By replacing, altering or introducing new genetic material into a patient's cells, doctors may be able to cure or compensate for genetic diseases, including cystic fibrosis, sickle-cell disease, hemophilia and diabetes.

One of the bottlenecks in gene therapy, however, is getting the right dose of genetic material into the target cells. The UW-Madison research suggests that applying a moderate electric field, which left no lasting damage to the cells that received it, could help in creating more effective therapies.

The project began almost a decade ago with Hans Sollinger, a transplant surgeon at UW-Madison. He had developed a gene therapy treatment for Type 1 diabetes, an autoimmune disease that attacks the pancreas, the organ that produces insulin.

Sollinger's treatment strategy delivered the genetic code for insulin production into liver cells using an adreno-associated virus that assists in transporting the therapeutic genes across the cells' membrane. This DNA can then take up residence in liver cells, producing insulin without being attacked by the immune system in the pancreas.

While Sollinger had a proof of concept that the therapy worked, he believed the future of the treatment hinged on delivery. He turned to Susan Hagness and John Booske, both UW-Madison professors of electrical and computer engineering who have experience treating human cells with electrical pulses.




"What we started talking about was local, targeted delivery and whether there was a way of getting the treatment DNA directly into the liver without passing it through the entire body and triggering the immune system," says Hagness. "And whether we could use electric pulses in order to make this delivery process more efficient and dramatically reduce the dose needed."

Researchers have previously found that exposing cells to electric fields can often increase the ability of molecules to move through the cell membrane into the interior of a cell. So, in this latest study, PhD student Yizhou Yao sought to determine whether the technique would increase the penetration of virus particles into liver cells.

Using human hepatoma cells, a model system for studying the liver, Yao exposed batches of the cells to various concentrations of the gene therapy virus particles containing a fluorescent green protein. She used a pair of electrodes to deliver an 80-millisecond electric pulse to some samples, then incubated all the cells for 12 hours.

When she examined the results 48 hours later under a fluorescence microscope, Yao found that only a small percentage of the cells that had not received the electrical pulses glowed green. In stark contrast, those cells that had received a zap accumulated about 40 times the amount of the fluorescent green proteins delivered by the virus.

While results provided compelling evidence that the pulses helped facilitate the virus's penetration of the cell walls, Booske says the team has yet to discover exactly how the process works at the molecular level.

"There's enough known about electric pulsing that I think we could confidently state that it is opening nanopores through the cell membrane," he says. "But then Yao got this remarkable result, and it dawned on us that virus particles are in general bigger and more complex than bare molecular particles and they already have their own way of getting inside cells. So, we don't really know if it's the pores opening that has anything to do with it directly or indirectly."

Sollinger passed away in May 2023, but the team says his legacy will live on through the ongoing research on this project and the work of other groups. The electrical engineering researchers are pursuing next steps with external funding and are optimistic that ultimately the technique will translate into clinical trials.




Yao, who will graduate in 2024, says she knew the study would be transdisciplinary, but didn't realize just how far it would go.

"I am an electrical engineer by training, and I don't have a biology background," she says. "Before this, the last time I used a microscope was in high school. It was quite a steep learning curve, learning to culture cells and carry out biology protocols. But I really enjoyed this project and liked its ultimate goal, which is to make the world a better place."

Other authors include Robert W. Holdcraft of the Cincinnati Children's Hospital Medical Center. 
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Breakthrough in complex pain management | ScienceDaily
Complex Regional Pain Syndrome (CRPS) is a chronic and debilitating pain disorder, typically considered lifelong with limited treatment options. Now, groundbreaking research finds that early detection and effective treatment can lead to significant recovery within 18 months, offering hope to millions of people worldwide.


						
Led by NeuRA's Centre for Pain IMPACT and conducted in partnership with the University of South Australia, the findings could deliver life-changing outcomes for people with CRPS, with up to 80% of patients recovering within the first 18 months of being diagnosed with the disorder.

CRPS is a multi-system disorder triggered by trauma such as surgery or fracture. It manifests with severe pain localised to a single limb, but often persists beyond typical recovery periods. Sufferers can experience issues with sweating, temperature regulation, and mobility. Women are disproportionately affected, with up to four times as many diagnosed with the condition as men.

The new study reviewed the latest advances in CRPS epidemiology, pathophysiology, diagnosis, and treatment. It found that the best approach to treatment includes education about CRPS, medicines to control pain, physical rehabilitation, and psychological support, if needed.

Lead researcher, NeuRA's Michael Ferraro says this is a paradigm shift for understanding CRPS.

"Complex regional pain syndrome is a rare pain disorder. It's characterised by intense pain and changes in muscle, sensation, skin, bone, and nerves, and often severely limits a person's ability to work or engage in social activities," Ferraro says.

"Because the disorder is so rare, there is little evidence to inform effective treatment.




"In this research we challenge the prevailing notion that CRPS is a lifelong burden.

"By reviewing and consolidating the latest developments in understanding CRPS, we've found that unlike previous theories, recovery is likely for most people with CRPS, and may be more likely with early diagnosis and a comprehensive treatment approach to match the multi-system nature of the disorder.

"By combining education on the condition, pain medication, rehabilitation and psychology, we can tackle CRPS from all angles, giving patients the best chance of recovery within the first 12-18 months of symptoms."

Co-researcher and pain expert, UniSA's Professor Lorimer Moseley says the research marks a significant milestone for understanding and treating CRPS, offering hope and new avenues for patients and healthcare professionals alike.

"This is a major step towards better understanding CPRS," Prof Moseley says.

"While more research is needed, our review highlights that biological and psychosocial factors are involved, and successful management of the disorder should target these factors.

"The next steps will require national and international networks of researchers to test the most promising treatments in clinical trials."

Among these intiatives is the ongoing MEMOIR study conducted by NeuRA and UniSA, an Australian Government-funded trial evaluating a medication and a newly developed rehabilitation program, with recruitment and treatment facilitated through telehealth to enable nationwide participation.
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Is it time to retire the best-before date? | ScienceDaily
The inventors of a suite of tests that enable food packages to signal if their contents are contaminated are working to bring producers and regulators together to get their inventions into commercial products, with the goal of preventing illness and reducing food waste.


						
Though the tests would cost just a few cents per package, food producers are reluctant to add costs that consumers will ultimately have to bear, say the McMaster researchers behind an article published today in the journal Nature Reviews Bioengineering.

A system based on smart packaging, the researchers say, would save producers from reputational and practical costs associated with outbreaks, dramatically reduce food waste and reduce health-care and lost-time costs associated with outbreaks. In all, the paper says, society would save hundreds of billions of dollars globally each year, more than justifying the cost of adding the technology to food packaging.

"On the one hand, people want to have safe food to eat. On the other, they don't want to pay more for their food, because prices are high already and seem only to be climbing higher," says the paper's corresponding author Tohid Didar, a biomedical engineer and entrepreneur. "We are eager to make people aware of the challenges that exist, and start a conversation between researchers, policy makers, corporations and consumers work together to come up with solutions for such challenges."

The researchers write that public agencies recognize the value of the new technology, and though they'd like to put it into play, they also know that introducing it would require sweeping changes to food regulations and packaging practices -- changes that may face resistance.

It's a challenge the researchers recognize, but with so much potential benefit at stake, they say everyone will ultimately win once the technology comes into broad use.

The current practice of marking fresh foods with a "best before" or "consume by" date is arbitrary and far too conservative, the researchers say, often causing perfectly safe food to be wasted, which imposes huge costs that producers and consumers are already paying for, whether directly or indirectly.




Canada wastes $40 billion worth of food every year -- more per capita than the US or UK, Didar says.

Discarding food unnecessarily also has significant social, economic and environmental costs, given concerns over scarcity and access to food, and the ecological impacts of throwing away unused food and packaging.

Since 2018, the group of McMaster engineers and biochemists behind the paper has invented and proven the viability of several packaging-based methods for detecting or halting spoilage, including:
    	Sentinel Wrap: plastic wrapping that can detect and visibly signal when contents such as meat, cheese or produce has gone bad
    	a hand-held test that produces real-time results that allow wholesalers and retailers using special readers to detect, isolate and withdraw specific lots of spoiled goods before they can be sold, avoiding huge recalls that affect entire categories of food
    	Lab-on-a-package: a tiny, self-activating test incorporated into a tray of chicken, fish or meat, for example, which produces a visible signal when a product has gone bad
    	a sprayable, food-safe gel composed of beneficial, organic bacteriophages, which eliminates harmful bacteria that cause food contamination.

The monitoring technologies are made to read biochemical signals from common culprits in spoilage, such as Listeria, Salmonella and E coli, using readily adaptable platforms, but getting them into the marketplace has been challenging.

"It's one thing to do research in the lab, publish papers and file patents, but it's another to have a product that's tangible -- that people can use," says the paper's lead author Shadman Khan, a PhD candidate and Vanier Scholar in Didar's lab. "We are building a collaborative network with government regulators and industrial partners. That is allowing us to see the big-picture issues and adapt to what we learn will and won't work."

The authors, who also include faculty members Yingfu Li, Zeinab Hosseinidoust and Carlos Filipe, have been working with producers in North America and Europe and government regulators including the Canadian Food Inspection Agency.

Changing the calendar-based food freshness and safety system to a detection-based system will be a huge effort, but in their paper, the inventors say it's past time to bring the technology up to date.
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Student links worm behavior to brain disease | ScienceDaily
As an undergraduate student in The University of Texas at Arlington's Honors College, Hannah Selvarathinam knew she wanted to conduct research. Near the end of her first year at UTA, the Keller native reached out to the lab of biology Assistant Professor Piya Ghose.


						
"Hannah has been a very impressive scholar from Day 1," Ghose said. "She had the foresight to reach out for research opportunities very early on."

Ghose brought Selvarathinam in to work on one of the lab's core projects related to the genetics of cell death, modeled in the roundworm Caenorhabditis elegans. Selvarathinam's work eventually led to her honors thesis, focused on brain health and behavior. The result is a new peer-reviewed publication detailing the genes affecting worm behavior that also are relevant to neurological disease in humans.

"Through combing the literature and discussing her findings with me, she was able to make connections between the genes she was already studying as part of her cell biology project with her undergraduate psychology major and interests in human health," Ghose said. "Hannah drove this project and regularly communicated with me for guidance and to share her exciting results. She took on the brave task of adapting and optimizing a published behavioral protocol for her project, which is exceptional for such a young trainee."

For her study, Selvarathinam leveraged the fact that worms have similarities in their genes to humans and predictable behaviors that are easy to study. She proceeded to optimize an experi-mental protocol that aimed to link the mental illness schizophrenia to neurodegenerative disease using worm behavior.

"Normally, worms spend much of their time eating. But if they are interrupted by physical insult, they briefly stop in a manner similar to the startle response in humans," Selvarathinam said.

Schizophrenia has similar symptoms, and one hallmark is abnormal reactivity to a continued stimulus. Essentially, individuals with the illness take longer to become accustomed to a stimulus than those without.




"What we found in our study is that healthy worms, as expected, momentarily stopped eating when they were exposed to a stimulus, but soon continued to eat again," Selvarathinam explained. "But for worms with mutations in many of the neurodegeneration genes, such as with those related to hereditary spastic paraplegia and Alzheimer's disease, they continued to eat even after being exposed to the stimulus, which shows a heightened startle response.

"Our publication adds another building block to our understanding of brain disease in the hopes of finding a cure and also highlights C.elegans as a powerful model organism to pursue this goal."

After completing her honors thesis and graduating in winter 2022, Selvarathinam began working as a technician in Ghose's lab while preparing applications for medical school. She's now on track with another peer-reviewed publication for work she has done assisting on one of the lab's cell death projects.

"My research experience complements my goal to practice medicine by teaching me many transferable skills, such as reading scientific literature and applying my knowledge to solve problems and answer interesting questions," Selvarathinam said. "I am grateful for the opportunities I have had at UTA and for the chance to work with the Ghose Lab team. I am also thankful to the Honors College for its wonderful capstone project program. I encourage students to reach out to professors and seek out research opportunities here at UTA."
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Uncovering the secret of long-lived stem cells | ScienceDaily
Nothing lives forever, but compared to other cells in the body, hematopoietic stem cells (HSCs) are remarkably long-lived. HSCs are blood-forming cells -- they give rise to rapidly dividing progenitor cells, which in turn generate hundreds of billions of cells to fulfill the daily demand of oxygen-delivering red blood cells, disease-fighting white blood cells and clot-forming platelets.


						
HSCs typically remain dormant within the bone marrow, yet they possess the ability to activate and replenish blood cells continuously, maintaining a relatively youthful profile throughout the life of an organism. What is the secret of long-lived HSCs that wards off the effects of aging? A team led by researchers at Baylor College of Medicine revealed in Nature Cell Biology that the enzyme cyclophilin A, which is produced in large amounts in HSCs, is key for these cells to retain their regenerative potential and avert the effects of aging.

Long live the stem cells!

"A driving force of cellular aging is the accumulation of proteins that have reached the end of their useful life," said corresponding author Dr. Andre Catic, assistant professor and CPRIT Scholar in Cancer Research in the Huffington Center on Aging at Baylor. "With age, proteins tend to misfold, aggregate and accumulate inside the cell, which leads to toxic stress that can disrupt cell function."

Cells that frequently engage in cell division, like progenitor cells, can dispose of protein aggregates through dilution. On the other hand, long-lived HSCs, which do not divide often, face the problem of the accumulation of misfolded proteins and subsequent toxic stress. Nevertheless, HSCs remain impervious to aging. How do they do it?

"Understanding the molecular mechanisms that contribute to HSC aging not only contributes to the field of normal HSC biology, but also may have significant clinical relevance for cancer treatment," said co-first author of the work, Dr. Lauren Maneix, who was at the Catic lab while working on this project.

Molecular chaperones at work

Previous studies have shown that mammalian cells express several hundreds of molecular chaperones, proteins that preserve or change the three-dimensional conformation of existing proteins. Cyclophilins, one of the most abundant chaperones, have been implicated in the aging process. However, how they affect cellular proteins has not previously been studied.




Working with mice, the researchers first characterized the protein content of HSCs and discovered that cyclophilin A is a prevalent chaperone. Further experiments showed that the expression of cyclophilin A was significantly decreased in aged HSCs, and genetically eliminating cyclophilin A accelerated natural aging in the stem cell compartment. In contrast, reintroducing cyclophilin A into aged HSCs enhanced their function. Together, these findings support cyclophilin A as a key factor in the longevity of HSCs.

Connecting cyclophilin A, intrinsically disordered proteins and HSC longevity

Next, the team investigated the proteins with which cyclophilin A interacts, preserving their stability. "We found that proteins enriched in intrinsically disordered regions are frequent targets of the chaperone," Catic said.

Intrinsically disordered proteins naturally change their 3-D conformation to interact with different proteins, nucleic acids or other molecules. Consequently, proteins rich in intrinsically disordered regions regulate many cellular processes by promoting specific activities between molecules. "Due to their flexible nature, intrinsically disordered proteins are inherently prone to aggregation. Cyclophilin A supports these proteins in fulfilling their functions and simultaneously prevents them from clumping," Catic said.

Furthermore, the findings suggest that cyclophilin A interacts with intrinsically disordered proteins from the moment of their synthesis. "As these proteins are being made, cyclophilin A makes sure they keep the appropriate conformations and are maintained at sufficient levels," Catic said. "Genetic depletion of cyclophilin A results in stem cells distinctively lacking intrinsically disordered proteins."

"For the first time, our study showed that producing disordered proteins and maintaining the structural diversity of the proteins in a cell plays a role in HSC aging," Maneix said.

Co-first author Polina Iakova, Charles G. Lee, Shannon E. Moree, Xuan Lu, Gandhar K. Datar, Cedric T. Hill, Eric Spooner, Jordon C. K. King, David B. Sykes, Borja Saez, Bruno Di Stefano, Xi Chen, Daniela S. Krause, Ergun Sahin, Francis T. F. Tsai, Margaret A. Goodell, Bradford C. Berk and David T. Scadden also contributed to this study.
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Researchers reveal a new approach for treating degenerative diseases | ScienceDaily
Proteins are the workhorses of life. Organisms use them as building blocks, receptors, processors, couriers and catalysts. A protein's structure is critical to its function. Malformed proteins not only fail to carry out their tasks, they can accumulate and eventually gum up the inner workings of cells. As a result, misfolded proteins cause a variety of degenerative diseases, from Alzheimer's and Parkinson's to the blinding disease retinitis pigmentosa. These disorders are currently incurable.


						
A paper out of UC Santa Barbara reveals a new connection between a particular ion transport protein and the cell's garbage disposal, which grinds up misfolded proteins to stave off their toxic accumulation. The results, published in Developmental Cell, identify a target for treating these debilitating conditions.

"By studying basic cell biology in fruit fly ovaries, we stumbled upon a way to prevent neurodegeneration, and we think this has potential applications in the treatment of some human diseases," said senior author Denise Montell, Duggan Professor and Distinguished Professor in the Department of Molecular, Cellular, and Developmental Biology.

For 35 years, Montell's lab has studied the movement of cells in fruit fly ovaries. It might seem esoteric, she is the first to admit, but it provides a fantastic model for cell mobility. "And cell movement underlies embryonic development, drives wound healing and contributes to tumor metastasis," she explained. "So it's a really fundamental cell behavior that we care to understand deeply."

The setting and characters

The star of this paper is a gene called ZIP7, which encodes a protein of the same name. In previous work, Montell's team came across a mutation in this gene that impaired cell mobility, piquing their interest.

The ZIP7 protein ferries zinc ions within a cell. These ions are exceedingly rare within the cytoplasm but abundant in proteins where they often form part of the architecture and catalyze chemical reactions. "ZIP7 is conserved in evolution from plants to yeast to flies to humans," Montell said. "So it's doing something really fundamental, because it's been around for a really long time."

ZIP7 is also the only zinc transporter found in the endoplasmic reticulum, a membranous structure where a cell makes proteins destined for the outer membrane of the cell or for secretion out of the cell. About a third of our proteins are made here.




If ZIP7 is our protagonist, then misfolded proteins and their disposal are the theme of the study. For proteins, function follows form. It's not enough to have the right ingredients, a protein must fold correctly to function properly. Misfolded proteins are responsible for a host of diseases and disorders.

But proteins will sometimes misfold even in a healthy cell. Fortunately, cells have a quality control system to deal with this eventuality. If the error is small, the cell can try folding it again. Otherwise, it will tag the misfolded molecule with a small protein called ubiquitin and send it out of the endoplasmic reticulum (ER) for recycling.

Waiting in the cytoplasm are structures called proteasomes, the "garbage disposals" of the cell. "It literally chews up the protein into little pieces that can then be recycled," Montell said.

"But if the garbage disposal gets overwhelmed -- somebody puts too many potato peels in there -- then the cell experiences ER stress." This triggers a response that slows down protein synthesis (pauses our potato prep) and produces more proteasomes so that the system can clear the backlog of waste. If all this fails, the cell undergoes programmed death.

The plot thickens

Co-lead author Xiaoran Guo, Montell's former Ph.D. student, saw that loss of ZIP7 caused ER stress in the fruit fly's ovary. So she set out to determine if this stress was the reason the cells lost their mobility. Indeed, inducing ER stress with a different misfolded protein also impaired cell migration.




When Guo over-expressed ZIP7 in these cells, the backlog of misfolded proteins disappeared, the ER stress vanished, and the cells regained their mobility. "I was so surprised that I had to question myself if I had done everything correctly," Guo said. "If this was real, just ZIP7 alone must be very potent in resolving ER stress."

What's more, the misfolded protein she used, called rhodopsin, contains no zinc in its structure. This led Guo to suspect that ZIP7 must be involved somewhere in the degradation pathway. Co-lead author, and fellow doctoral student, Morgan Mutch used a drug to block the proteasome from degrading misfolded rhodopsin and observed that this negated the beneficial effect of ZIP7. She concluded that ZIP7 must be acting somewhere before the proteasome munches up the misfolded protein.

The authors created four modified ZIP7 genes: two mutations disrupted the protein's ability to carry zinc, while the other two left this unchanged. They discovered that zinc transport was critical in reducing ER stress.

At this point, a new character enters our story: the enzyme Rpn11, which forms part of the proteasome. Much like trying to stuff a large head of broccoli down the disposal, misfolded proteins with ubiquitin tags don't fit into the proteasome. Rpn11 snips off these tags, enabling the misfolded protein to slip into the proteasome core for disassembly. Zinc is essential forRpn11 to catalyze the removal of ubiquitin.

"I was very surprised, and then excited, when I saw that increasing ZIP7 expression almost completely prevented the buildup of those ubiquitin-tagged proteins," Mutch said. "We were expecting the opposite result."

Mutch determined that ZIP7 was critical in supplying zinc to Rpn11, enabling it to trim the tags that label defective proteins so that they fit into the structure that actually breaks them down. Blocking the Rpn11 enzyme confirmed this hypothesis.

"That feeling when you discover something new, something no one has figured out before, is the best feeling for a scientist," Mutch added.

A potential therapy

The results suggest that overexpressing ZIP7 could form the basis for treating a variety of diseases. For instance, misfolded rhodopsin causes retinitis pigmentosa, a congenital blinding disease that is currently untreatable. Scientists already have a strain of fruit flies with the mutation that causes a similar disease, so the team overexpressed the ZIP7 gene in these flies to see what would happen.

"We found that it prevents retinal degeneration and blindness," Montell said. Every single one of the flies with mutant rhodopsin usually develops retinitis pigmentosa, but a full 65% of those with overactive ZIP7 formed eyes that respond normally to light.

Montell's lab is now collaborating with Professor Dennis Clegg, also at UC Santa Barbara, to further investigate the effect of ZIP7 in human retinal organoids, tissue cultures that bear a mutation that causes retinitis pigmentosa. This project was originally funded by the National Institute for General Medical Sciences. For the next three years it will be supported by a $900,000 grant from the Foundation Fighting Blindness so Montell, Clegg and their colleagues can test the hypothesis that ZIP7 gene therapy will prevent blindness in retinitis pigmentosa patients.

What's more, proteasome capacity declines as we get older, contributing to many classic signs of aging and increasing the probability of age-related degenerative diseases. Therapies targeting ZIP7 could potentially slow the development or progression of these ailments, as well. They've already yielded promising results extending fruit fly lifespan.

"This is a poster child for fundamental, curiosity-driven research," Montell said. "You're just studying something because it's cool, and you follow the data and end up discovering something you never set out to study, possibly even a cure for multiple diseases."
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Potential drivers of chronic allergic inflammation | ScienceDaily
Currently, most therapies for allergic diseases require lifelong treatment. Allergic reactions, characterized by ongoing (type 2) inflammation in response to chronic antigen exposure, underlie many chronic diseases in humans, including asthma, atopic dermatitis, ulcerative colitis and more. T helper 2 (Th2) cells play an important role in the body's immune response, particularly in allergic reactions. Despite their central role, the sustained activity of Th2 cells during allergic reactions, even in the face of constant antigen exposure, has long puzzled researchers.


						
A research team that included authors from Mass General Brigham, including members Brigham and Women's Hospital, Massachusetts General Hospital, and Mass Eye and Ear, embarked on a quest to understand the diversity and cellular mechanisms of human Th2 cells. By conducting gene expression analyses of inflamed tissues, they pinpointed a subset of Th2 cells called Th2-MPP cells. Their findings suggested that these cells might serve as precursors to several crucial Th2 cell populations responsible for disease symptoms. These discoveries lay the groundwork for therapeutic interventions targeting these cells, potentially offering relief to patients living with allergic diseases. Results are published in Nature Immunology.

The research team created a single cell transcriptomic atlas, a comprehensive database of genes that are turned "on" and "off" in individual cells in the body, using inflamed tissues from patients with nine different chronic allergic diseases. They used this atlas to identify Th2-multipotent progenitor (Th2-MPP) cells, which chronically expressed two transcription factors, TCF7 and LEF1. These transcription factors allowed Th2-MPP cells to exhibit characteristics similar to stem cells in cancer and chronic infection, acting as progenitor cells that can give rise to other kinds of cells. The team also performed detailed studies on Th2 cells from nasal tissue in patients with chronic rhinosinusitis. They found that Th2-MPP cells could be the precursor for multiple types of Th2 cells that cause disease symptoms.

"We still have much to learn about the contribution of progenitor cells to chronic human inflammation, but we are hopeful that the study of this area of immunity could provide opportunities for future disease-modifying therapeutic approaches," said senior author Patrick Brennan, MD, PhD, a physician-researcher in the Brigham Division of Allergy and Clinical Immunology.

"Our work suggests that Th2-MPP cells have the potential to sustain type 2 inflammation in the face of chronic antigen exposure and lays the foundation for further investigation to better understand their contribution to disease," said lead author Radomir Kratchmarov, MD, a research fellow in the Brigham Division of Allergy and Clinical Immunology.
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New and improved way to grow the cells that give rise to the kidney's filtration system | ScienceDaily

"By enhancing our capability to grow NPCs from human stem cells, we create a new avenue for understanding and combating congenital kidney diseases and cancer," said corresponding and lead author Zhongwei Li, an assistant professor of medicine, and stem cell biology and regenerative medicine at the Keck School of Medicine of USC.

In the study, funded in part by the National Institutes of Health, Li Lab postdocs Biao Huang and Zipeng Zeng and their collaborators improved the chemical cocktail for generating and growing NPCs in the laboratory.

This improved cocktail enables the sustained growth of both mouse and human NPCs in a simple 2-dimensional format. This marks a major improvement over the previous 3-dimensional system, which was not only more cumbersome, but also limited the ability to perform genome editing on the cells.

The cocktail also enables the expansion of induced NPCs (iNPCs) from human pluripotent stem cells. These iNPCs closely resemble native human NPCs. With this approach, iNPCs can be generated from any individual starting with a simple blood or skin biopsy. This approach will facilitate the creation of patient-specific kidney disease models and enhance efforts to identify nephron targeted drugs.

Moreover, the cocktail is powerful enough to reprogram a differentiated type of kidney cell known as a podocyte into an NPC-like state.

Demonstrating the practical applications of their breakthrough, the scientists performed genome editing on the NPCs to screen for genes related to kidney development and disease. This screening identified previously implicated genes, as well as novel candidates.




In a further demonstration, the scientists introduced the genetic mutations responsible for polycystic kidney disease (PKD) into the NPCs. These NPCs developed into mini-kidney structures, known as organoids, exhibiting cysts -- the hallmark symptom of PKD. The team then used the organoids to screen for drug-like compounds that inhibited cyst formation.

"This breakthrough has potential for advancing kidney research in many critical ways -- from accelerating drug discovery to unraveling the genetic underpinnings of kidney development, disease, and cancer," said Li. "Importantly, it also provides supplies of NPCs as critical building blocks to build synthetic kidneys for kidney replacement therapy."

Eighty percent of this work was supported by federal funding from the National Institutes of Health (NIH) (grant numbers DK054364, and T32HD060549) and the NIH Common Fund's High-Risk High-Reward Research program (grant number DP2DK135739). Additional support came from University Kidney Research Organization (UKRO) foundation funding, a Keck School of Medicine of USC Dean's Pilot Award, a USC Stem Cell Challenge Grant, a USC Provost's Undergrad Research Fellowship, a Chan Zuckerberg Initiative seed network grant (CZIF2019-002430), and a CIRM Bridges Award.

McMahon is a scientific advisor or consultant for Novartis, eGENESIS, Trestle Biotherapeutics, GentiBio, and IVIVA Medical. Li, Huang, Zeng, McMahon, Hallows, and Pastor-Soler have applied for intellectual property protection for technologies described in this study.
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Loneliness grows as we age | ScienceDaily
Loneliness in adulthood follows a U-shaped pattern: it's higher in younger and older adulthood, and lowest during middle adulthood, reports a new Northwestern Medicine study that examined nine longitudinal studies from around the world.


						
The study also identified several risk factors for heightened loneliness across the whole lifespan, including social isolation, sex, education and physical impairment.

"What was striking was how consistent the uptick in loneliness is in older adulthood," said corresponding author Eileen Graham, associate professor of medical social sciences at Northwestern University Feinberg School of Medicine. "There's a wealth of evidence that loneliness is related to poorer health, so we wanted to better understand who is lonely and why people are becoming lonelier as they age out of midlife so we can hopefully start finding ways to mitigate it."

Lacking connection can increase the risk for premature death to levels comparable to smoking daily, according to the office of the U.S. Surgeon General, who one year ago called for action to address America's loneliness epidemic. Graham said her findings underscore the need for targeted interventions to reduce social disparities throughout adulthood to hopefully reduce levels of loneliness, especially among older adults.

Perhaps one day general practitioners could assess levels of loneliness during regular wellness visits to help identify those who might be most at risk, Graham said.

The study will be published April 30 in the journal Psychological Science. 

Factors associated with higher persistent loneliness

The study found individuals with higher persistent loneliness were disproportionately women, more isolated, less educated, had lower income, had more functional limitations, were divorced or widowed, were smokers, or had poorer cognitive, physical or mental health.




'How does loneliness change across the lifespan?'

The study replicated this U-shaped pattern across nine datasets from studies conducted in the U.K., Germany, Sweden, the Netherlands, Australia, Israel and more. Only one of the datasets was from the U.S., which Graham said points to how widespread the loneliness epidemic is globally.

"Our study is unique because it harnessed the power of all these datasets to answer the same question -- 'How does loneliness change across the lifespan, and what factors contribute to becoming more or less lonely over time?'," she said.

All of the nine longitudinal studies were conducted before the onset of the COVID-19 pandemic, when many researchers found loneliness became even more pronounced.

Why is middle adulthood less lonely?

While this study didn't specifically examine why middle-aged adults are the least lonely, Graham said it could be because the many demands on a middle-aged person's life often involve social interactions, such as being married, going to work and making friends with the parents of children's friends.




But the relationship between social interaction and loneliness is complex. "You can have a lot of social interaction and still be lonely or, alternatively, be relatively isolated and not feel lonely," Graham said.

As for younger adulthood being a lonelier time, Graham and the study's co-author Tomiko Yoneda said the study data start right at the end of adolescence, when young adults are often navigating several important life transitions (e.g., education, careers, friend groups, relationship partners and families).

"As people age and develop through young adulthood into midlife, they start to set down roots and become established, solidifying adult friend groups, social networks and life partners," said Yoneda, assistant professor of psychology at University of California, Davis. "We do have evidence that married people tend to be less lonely, so for older adults who are not married, finding ongoing points of meaningful social contact will likely help mitigate the risk of persistent loneliness."
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An omega-6 fatty acid may reduce the risk for bipolar disorder | ScienceDaily
A genetic propensity to higher circulating levels of lipids containing arachidonic acid, an omega-6 polyunsaturated fatty acid found in eggs, poultry, and seafood, has been found to be linked with a lower risk for bipolar disorder, according to a new study in Biological Psychiatry, published by Elsevier. This new evidence paves the way for potential lifestyle or dietary interventions.


						
Bipolar disorder is a debilitating mood disorder characterized by recurring episodes of mania and depression. Although its etiology is still unclear, previous studies have shown that bipolar disease is highly heritable. The findings of this study indicate a link between bipolar disorder and altered metabolite levels, supporting the notion that circulating metabolites play an important etiological role in bipolar disease and other psychiatric disorders.

Lead investigator David Stacey, PhD, Australian Centre for Precision Health, University of South Australia; UniSA Clinical and Health Sciences; and South Australian Health and Medical Research Institute, Adelaide, Australia, explains, "Accumulating evidence indicates a role for metabolites in bipolar disorder and other psychiatric disorders. By identifying metabolites that play causal roles in bipolar disorder, we hoped to be able to highlight potential lifestyle or dietary interventions."

By applying Mendelian randomization, a powerful causal inference method, the researchers identified 33 out of 913 metabolites studied present in the blood that were associated with bipolar disorder, most of them lipids.

Researchers also found that a bipolar disorder risk gene cluster (FADS1/2/3), which encodes enzymes associated with lipid metabolism, mediated the association between bipolar disorder and the levels of arachidonic acid and other metabolites.

Commenting on the findings, John Krystal, MD, Editor of Biological Psychiatry, says, "Arachidonic acid is typically a widely present omega-6 fatty acid in the body and brain that contributes to the health of cell membranes. This study provides a fascinating step forward in the effort to develop blood biomarkers of bipolar disorder risk, particularly in those patients with bipolar disorder and risk gene variations in the FADS1/2/3 gene cluster."

Dr. Stacey notes, "Intriguingly, we observed a pattern whereby a genetic propensity to higher levels of lipids containing an arachidonic acid fatty acid side chain was associated with a lower risk of bipolar disorder, while the inverse was true of lipids containing a linoleic acid side chain. Since arachidonic acid is synthesized from linoleic acid in the liver, this suggests arachidonic acid synthesizing pathways are important for bipolar disorder."

Given its presence in human milk, arachidonic acid is considered essential for infant brain development and is added to infant formula in many countries. Therefore, it may exert an effect on bipolar disorder risk by affecting neurodevelopmental pathways, which would be consistent with contemporary views of bipolar disorder as a neurodevelopmental disorder. Arachidonic acid can be sourced directly from meat and seafood products or synthesized from dietary linoleic acid (e.g., nuts, seeds, and oils).

Dr. Stacey concludes, "To our knowledge, ours is the first study to highlight a potential causal role between arachidonic acid and bipolar disorder. Preclinical studies and randomized controlled trials will be necessary to determine the preventive or therapeutic value of arachidonic acid supplements, perhaps with a particular focus on people with a compromised arachidonic acid synthesizing pathway or with poor natural dietary sources. Our findings also support potential avenues for precision health interventions focused on early life nutrition to ensure that infants and children are receiving enough arachidonic acid and other polyunsaturated fatty acids to support optimal brain development, which may also reduce the risk of bipolar disorder."
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Clumps of this molecule inhibit strep's DNA-cleaving enzymes | ScienceDaily
An entirely new approach to inhibiting DNA-cleaving enzymes works through the aggregation of an otherwise non-toxic molecule. This Kobe University discovery may lead to a much-needed method for curbing Streptococcus growth.


						
Enzymes are the body's tools to make almost all reactions happen. But the same is true for bacteria like Streptococcus, which causes toxic shock syndrome, a rapidly progressing and deadly condition. When the body's white blood cells try to capture the bacteria by casting nets made out of their own DNA, Streptococcus uses a DNA-cleaving enzyme to cut through the net. Blocking this enzyme has been a hot target for the development of drugs for the fight against the disease, but nothing has been found that is specific to the DNA-cleaving enzyme and that doesn't harm the body in other ways.

Kobe University biochemical engineer MARUYAMA Tatsuo thinks he and his team may have found an approach. While doing research on a drug called "Mn007," they noticed that it had the ability to inhibit a bovine DNA-cleaving enzyme that is functionally very similar to the one used by Streptococcus. Maruyama explains: "It was a coincidence, but we discovered that only aggregates ("clumps") of Mn007 inhibit the enzyme. This is a completely new mechanism for inhibition and so we decided to investigate if this might be a promising candidate for the treatment of streptococcal infections."

Their results, published in the journal JACS Au, are promising and curious. They first confirmed that it is really only aggregates that inhibit the enzyme, that the action is specific to this particular DNA-cleaving enzyme, and that it is not mediated by interaction with the DNA or other substances. Next, the Kobe University team made sure that Mn007 could also inhibit the bacterial enzyme. And finally, they tried whether this could, in principle, be applied to Streptococcus infections. Knowing from previous studies that Mn007 is not toxic to the body's cells, they grew the bacteria in human blood containing white blood cells and added Mn007 to some of the samples. And indeed, when the drug was present, the bacteria showed significantly less growth than without it, indicating that aggregates of Mn007 helped the white blood cells reign in the bacteria's growth.

These lab studies open an exciting door to further research. First, even though they discovered a completely new mechanism of inhibiting the activity of the DNA-cleaving enzyme, also called a "DNase," nobody knows yet what this mechanism behind the specific inhibition by the aggregates is. Maruyama says, "Currently, the research group is trying to understand how Mn007 aggregates interact with the DNase and inhibit its enzymatic activity by simulating the behavior of the molecule."

But a bigger question looms on the horizon: whether the drug can actually be applied as an effective treatment. The researchers write hopefully: "Mn007 would be the first case of a DNase inhibitor applied for therapeutic use. Because Streptococcus pyogenes infections worsen rapidly (within a few days), even temporary suppression of bacterial growth would significantly improve patient outcomes." They close by saying, "We believe that molecular aggregation will provide a rational approach for the discovery and development of novel inhibitors for those enzymes, leading to a new strategy in drug development."
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Regulating cholesterol levels might be the key to improving cancer treatment | ScienceDaily
A team of researchers from Aarhus University has made a remarkable discovery that could improve cancer treatment and the treatment of a number of other illnesses.


						
The key lies in regulating cholesterol levels, which can help make existing treatments more effective.

"We've identified a new mechanism that can regulate a crucial immune pathway in the fight against cancer, and this gives us a deeper understanding of how we can activate the body's own defence against the disease," explains Professor Martin Roelsgaard Jakobsen from the Department of Biomedicine and one of the last three authors of the study.

Special focus on an essential protein

The researchers have focused on the so-called STING protein, an important element of the immune system's defence against cancer cells.

By manipulating cholesterol levels, the researchers were able to improve the function of the STING protein, thereby opening up new ways of bolstering the body's natural defences against cancer.

Effective cancer treatment depends on the strength of the patient's immune system and how well it can be boosted to kill cancer cells.




According to Martin Roelsgaard Jakobsen, cancer treatment requires a combination of treatment strategies that trigger local immune activation in the tumour, attract cytotoxic T cells, and stimulate broader activation of immune cells.

And this is where the new mechanism presents new opportunities.

"The STING protein has already shown promise in cancer treatment, but we haven't yet discovered how to activate it in a clinical context. Our research provides a new approach to boosting the activity of the STING protein, giving us another way of harnessing the body's natural defences against cancer," he explains.

Result of cross-disciplinary collaboration

The study is the result of an interdisciplinary collaboration between researchers at Aarhus University and Aalborg University, including Martin Roelsgaard Jakobsen and Emil Kofod-Olsen, who are specialists in STING signalling and cancer immunology, and Baocun Zhang and Soren Riis Paludan, who have in-depth knowledge of the molecular biology of the STING protein and its role in a number of illnesses.

The combination of different disciplines has been crucial in linking cholesterol levels with immune responses to cancer.




"Our discovery is a direct result of bringing together experts from different fields. The collaboration has created a unique understanding of how we can fight back against cancer more effectively," says Martin Roelsgaard Jakobsen.

Could pave the way for several drugs

The discovery of how cholesterol affects the STING protein not only opens new doors to cancer treatment. Researchers also expect the mechanism to play a role in the fight against a number of other illnesses.

"Thanks to increased knowledge about both the mechanism of action in the STING protein and how the protein contributes to a number of illnesses, it is now more likely that a number of new drugs against those illnesses can be developed," says Professor Soren Riis Paludan.

This would include autoimmune diseases and neurodegenerative diseases, in which the immune system also plays a crucial role.
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A new anticoagulant with no risk of bleeding | ScienceDaily
Anticoagulant treatments are crucial for managing many conditions, such as heart disease, stroke and venous thrombosis. Current options, however, carry an inherent risk of serious bleeding due to trauma or unforeseen events. A team from the University of Geneva (UNIGE) and the University of Sydney has developed a new anticoagulant, designed to have an on-demand reversible activity, with a fast-acting ''antidote''. This approach could revolutionise the use of anticoagulants in surgery or other applications. The mechanism of activation and deactivation of the active principle could also be used in immunotherapy. These results are published in Nature Biotechnology.


						
Anticoagulant therapies are essential for managing many conditions, such as heart disease, stroke, and venous thrombosis. However, current treatment options, such as heparin and warfarin, have major drawbacks, including the need for regular monitoring of blood coagulation and the risk of serious bleeding in the event of overdose or trauma. Around 15% of emergency hospital visits for adverse drug effect are attributable to complication with anticoagulant treatments (an estimated 235 000 case/year in the US), emphasizing the importance of developing new, safer, and more effective therapeutic options.

The group led by Nicolas Winssinger, professor in the Department of organic chemistry at the UNIGE Faculty of Science, in collaboration with Richard Payne, professor at the University of Sydney, has recently developed a new anticoagulant active ingredient with an ''antidote'' to reverse its effect rapidly and specifically. This new active ingredient, presented in Nature Biotechnology, consists of two molecules targeting distinct sites of thrombin, a protein whose action is central for blood coagulation. After binding to thrombin, these two molecules combine to inhibit its activity, thereby reducing its coagulant effect. The antidote intervenes by dissociating these two molecules, thus neutralising the action of the active ingredient.

''This breakthrough goes beyond the development of a new anticoagulant and its associated antidote. The supramolecular approach proposed is remarkably flexible and can be easily adapted to other therapeutic targets. It is particularly promising in the field of immunotherapy,'' explains Nicolas Winssinger, who directed this research.

A revolution for surgery

This new anticoagulant could offer a more reliable and easier-to-use option for surgical procedures. Heparin, commonly used in this field, is a mixture of polymers of different lengths extracted from pig intestine. The result is a highly variable action, requiring coagulation tests during surgery. The new synthetic anticoagulant developed by UNIGE could help solve the problems of purity and availability associated with heparin.

One of the breakthroughs in this work lies in the use of peptide nucleic acid (PNA) to link the two molecules that bind to thrombin. Two strands of PNA can come together via relatively weak bonds that are easy to break. The research team has shown that by introducing correctly designated strands of free PNA, it is possible to dissociate the two thrombin-binding molecules associated with each other. The free PNA strand thus deactivates the drug's action. This is a major innovation in the field.

Useful for immunotherapy

Beyond the problem of anticoagulation, this supramolecular concept of activating/deactivating the active principle could be of major interest in the field of immunotherapy, particularly for CAR-T therapies. Although CAR-T therapies are major advances in the treatment of certain cancers in recent years, their use is associated with a significant risk of immune system overreaction (cytokine storm), which can be life-threatening. The ability to rapidly deactivate a treatment with an accessible antidote could therefore represent a crucial advance in improving the safety and efficacy of these therapies.
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Researchers identify over 2,000 genetic signals linked to blood pressure in study of over one million people | ScienceDaily
Queen Mary-led study reveals the most detailed picture yet of genetic contributors to blood pressure. The findings lead to improved polygenic risk scores, which will better predict blood pressure and risk for hypertension.


						
Researchers led by Queen Mary University of London and supported by the National Institute for Health and Care Research (NIHR) have discovered over a hundred new regions of the human genome, also known as genomic loci, that appear to influence a person's blood pressure. In total, over 2,000 independent genetic signals for blood pressure are now reported, demonstrating that blood pressure is a highly complex trait influenced by thousands of different genetic variants.

The study, published in Nature Genetics, is one of the largest such genomic studies of blood pressure to date, including data from over 1 million individuals and laying the groundwork for researchers to better understand how blood pressure is regulated.

To understand the genetics of blood pressure, the researchers combined four large datasets from genome-wide association studies (GWAS) of blood pressure and hypertension. After analysing the data, they found over 2,000 genomic loci linked to blood pressure, including 113 new regions. The analyses also implicated hundreds of previously unreported genes that affect blood pressure. Such insights could point to potential new drug targets, and help to advance precision medicine in the early detection and prevention of hypertension (high blood pressure).

From these analyses, the researchers were able to calculate polygenic risk scores, which combine the effects of all genetic variants together to predict blood pressure and risk for hypertension. For example, these risk scores show that individuals with highest genetic risk have mean systolic blood pressure levels which are ~17 mmHg higher than those with lowest genetic risk, and a 7-fold increased risk of hypertension. Therefore, these polygenic risk scores can discriminate between patients according to their hypertension risk, and reveal clinically meaningful differences in blood pressure.

"We have now revealed a much larger proportion of the genetic contribution of blood pressure than was previously known," says Helen Warren, Senior Lecturer in Statistical Genetics at Queen Mary University of London and senior last author of the study. "We are making our polygenic risk scores data publicly available. There are many different potential applications of genetic risk scores, so it will be exciting to see how our blood pressure scores can be used to address more clinically relevant questions in the future."

"This large study builds on over 18 years of blood pressure GWAS research. Our results provide new resources for understanding biological mechanisms and importantly new polygenic risk scores for early identification and stratification of people at risk for cardiovascular diseases" says Patricia Munroe, Professor of Molecular Medicine at Queen Mary University of London, also a senior author of the paper.

Polygenic risk scores have potential to serve as a useful tool in precision medicine, but more diverse genomic data is needed for them to be applicable broadly in routine health care. While the collected data was mostly from people of European ancestry (due to limited availability of diverse datasets when the study was started), the researchers found that the polygenic risk scores were also applicable to people of African ancestry, who have previously been underrepresented in genetic studies. This African ancestry result was confirmed through analysing data from the National Institute of Health's (NIH) All of Us Research Program in the USA, which aims to build one of the largest biomedical data resources and accelerate research to improve human health.

An estimated 30% of adults in the UK have high blood pressure, known as hypertension. High blood pressure often runs in families, meaning that there is a genetic component to developing the condition in addition to environmental contributions such as a high-salt diet, lack of exercise, smoking and stress. When blood pressure is consistently too high, it can damage the heart and blood vessels throughout the body, increasing a person's risk for heart disease, kidney disease, stroke and other conditions.

The study combined previously published genetic data from the UK Biobank, a large-scale biomedical database and research resource containing genetic and health information from half a million UK participants (N~450,000 individuals); the International Consortium for Blood Pressure (N~300,000 individuals combined from 77 different cohort studies); and the U.S. Department of Veterans Affairs' Million Veteran Program (N~220,000 individuals), with new data from Vanderbilt University Medical Center's biorepository, BioVU (N~50,000 individuals).
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Scientists find cancer-like features in atherosclerosis, spurring opportunity for new treatment approaches | ScienceDaily
Researchers have discovered that the smooth muscle cells that line the arteries of people with atherosclerosis can change into new cell types and develop traits similar to cancer that worsen the disease. Atherosclerosis is characterized by a narrowing of arterial walls and can increase risk of coronary artery disease, stroke, peripheral artery disease, or kidney disorders. The findings, supported by the National Institutes of Health (NIH), could pave the way for the use of anti-cancer drugs to counteract the tumor-like mechanisms driving the buildup of plaque in the arteries, the major cause of cardiovascular disease.


						
"This discovery opens up a whole new dimension for our understanding about therapeutic strategies for the prevention and treatment of atherosclerosis," said Ahmed Hasan, M.D., Ph.D., program director in the Division of Cardiovascular Sciences at the National Heart, Lung, and Blood Institute, part of NIH. "Previous research has suggested that atherosclerosis and cancer may share some similarities, but this association has not been fully described until now."

Using a combination of molecular techniques in mouse models and tissue samples taken from patients with atherosclerosis, the researchers of the new study characterized the molecular mechanisms that drive the smooth muscle cells to transition into cancer-like cell types.

The researchers found increased rates of DNA damage and genomic instability -- two hallmarks of cancer -- in the converted smooth muscle cells of atherosclerotic plaque when compared to healthy tissue. Genomic instability is the increased tendency for DNA mutations and other genetic changes to occur during cell division.

Probing further, they also found that cancer-associated genes became more active as the smooth muscle cells were being reprogrammed into the cells that made up the plaque. Using a mouse model expressing a known cancer mutation accelerated the reprogramming and worsened atherosclerosis. Finally, treating atherosclerotic mice with the anti-cancer drug niraparib, which targets DNA damage, showed potential for preventing and treating atherosclerosis.

"In fact, we saw that niraparib actually shrinks the atherosclerotic plaques in mice," said Huize Pan, Ph.D., assistant professor of medicine at Vanderbilt University Medical Center, Nashville, Tennessee, and first author of the study.

Muredach Reilly, M.D., professor of Medicine at Columbia University, New York City, and senior author on the study, explained that understanding the molecular mechanisms that are driving the transition of smooth muscle cells can provide opportunities to disrupt tumor-like pathways and change how the cell behaves, in turn preventing or slowing progression of atherosclerosis.
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Researchers target neurogenesis in new approach to treat Parkinson's disease | ScienceDaily
Researchers at the University of Toronto have found a way to better control the preclinical generation of key neurons depleted in Parkinson's disease, pointing toward a new approach for a disease with no cure and few effective treatments.


						
The researchers used an antibody to selectively activate a receptor in a molecular signaling pathway to develop dopaminergic neurons. These neurons produce dopamine, a neurotransmitter critical to brain health.

Researchers around the world have been working to coax stem cells to differentiate into dopaminergic neurons, to replace those lost in patients living with Parkinson's disease. But efforts have been hindered in part by an inability to target specific receptors and areas of the brain.

"We used synthetic antibodies that we had previously developed to target the Wnt signaling pathway," said Stephane Angers, principal investigator on the study and director of the Donnelly Centre for Cellular and Molecular Biology.

"We can selectively activate this pathway to direct stem cells in the midbrain to develop into neurons by targeting specific receptors in the pathway," said Angers, who is also a professor in the Leslie Dan Faculty of Pharmacy and the Temerty Faculty of Medicine, and holds the Charles H. Best Chair of Medical Research at U of T. "This activation method has not been explored before."

The study was recently published in the journal Development.

Parkinson's disease is the second-most common neurological disorder after Alzheimer's, affecting over 100,000 Canadians. It particularly impacts older men, progressively impairing movement and causing pain as well as sleep and mental health issues.




Most previous research efforts to activate the Wnt signaling pathway have relied on a GSK3 enzyme inhibitor. This method involves multiple signaling pathways for stem cell proliferation and differentiation, which can lead to unintended effects on the newly produced neurons and activation of off-target cells.

"We developed an efficient method for stimulating stem cell differentiation to produce neural cells in the midbrain," said Andy Yang, first author on the study and a PhD student at the Donnelly Centre. "Moreover, cells activated via the FZD5 receptor closely resemble dopaminergic neurons of natural origin."

Another promising finding of the study was that implanting the artificially-produced neurons in a rodent model with Parkinson's disease led to improvement of the rodent's locomotive impairment.

"Our next step would be to continue using rodent or other suitable models to compare the outcomes of activating the FZD5 receptor and inhibiting GSK3," said Yang. "These experiments will confirm which method is more effective in improving symptoms of Parkinson's disease ahead of clinical trials."

This research was supported by the University of Toronto Medicine by Design program, which receives funding from the Canada First Research Excellence Fund, and the Canadian Institutes of Health Research.
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Tsetse fly protein provides anticoagulant with its own on-off switch | ScienceDaily
Researchers at the University of Sydney and University of Geneva have developed a new anticoagulant, whose anticlotting action can be rapidly stopped 'on demand'. The result could lead to new surgical and post-operative drugs that minimise the risk of serious bleeding.


						
The research team applied a completely new method to discover the molecule. The anticoagulant combines a short protein molecule (a peptide) from a tsetse fly -- a blood-feeding insect -- with a second, synthesised peptide. The bonds holding the two peptides together can be broken on demand, providing the anticoagulant ingredient with its own on-off switch.

This new drug-discovery approach is a potential game-changer in surgery and for suppressing blood clots. It could also be applied in other fields such as immunotherapy.

The results are published today in Nature Biotechnology.

In addition to surgical applications, anticoagulant therapies are essential for managing a wide range of conditions, such as heart disease, stroke and venous thrombosis. However, current treatment options, such as heparin and warfarin, have major drawbacks, including the need for regular monitoring of blood coagulation and the risk of serious bleeding in the event of overdose.

About 15 percent of emergency hospital admissions due to adverse drug reactions are attributable to complications from anticoagulant treatments, emphasising the importance of developing new, safer and more effective therapeutic options.

Professor Rich Payne from the School of Chemistry is an NHMRC Investigator Leadership Fellow and Deputy Director of the ARC Centre of Excellence for Innovations in Peptide and Protein Science (CIPPS) and is a coauthor of the research.




He said: "What's exciting here is that we have applied a completely novel approach to drug discovery. The anticoagulant we have developed uses what we call supramolecular chemistry. This allows the two active molecules needed to suppress coagulation to self-assemble.

"The architecture also means we can apply an antidote that can quickly disassemble the joined molecules, triggering a rapid cessation of the active combination and the anticoagulant effect.

"This has never been done before in drug discovery."

Research lead, Professor Nicolas Winssinger from the Department of Organic Chemistry at the University of Geneva, said: "This result goes beyond the development of a new anticoagulant and its associated antidote. The supramolecular approach proposed is remarkably flexible and can be easily adapted to other therapeutic targets. It is particularly promising in the field of immunotherapy."

Revolution for surgery

The new anticoagulant could offer a more reliable and easier-to-use option for surgical procedures. Heparin, commonly used in this field, is a mixture of polymers of different lengths extracted from pig intestine. The use of heparin in the clinic is problematic due to the risk of serious bleeding side effects and requires coagulation tests during surgery. The new synthetic anticoagulant developed by the Geneva and Sydney team could help solve the problems of purity and availability associated with heparin.




One of the breakthroughs in this work lies in the use of a peptide nucleic acid (PNA) to link the two molecules that bind and block the action of thrombin, the enzyme that produces fibrin that makes up our blood clots.

In this case, the tsetse-fly-derived peptide molecule and a synthetic ketobenzothiazole containing peptide bind to two distinct sites on thrombin as a 'supramolecule' connected by a PNA double helical linker, similar in shape to DNA.

These two strands of PNA that make up the double helix can come together via relatively weak -- non-covalent -- bonds that can be broken when needed. The research team has shown that by introducing correctly matched strands of free PNA, it is possible to dissociate the two thrombin-binding molecules. The two free PNA strands are no longer active as anticoagulants. This is a major innovation in the field.

The tsetse fly peptide was developed in laboratories at the University of Sydney. Tests for the efficacy of the supramolecular anticoagulant were also tested at Sydney in human and mouse blood samples and also in vivo in mice.

Useful for immunotherapy

Beyond the problem of anticoagulation, this supramolecular concept of activating and deactivating the active principle could be of significant interest in the field of immunotherapy, particularly for CAR-T therapies.

Although CAR-T therapies are one of the major advances in the treatment of certain cancers in recent years, their use is associated with a significant risk of immune system storm, which can be fatal. The ability to rapidly deactivate treatment with an accessible antidote could be a crucial advance in improving the safety and efficacy of CART-T therapies.
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Childcare pick-up: A 1-hour window to build healthier eating habits | ScienceDaily
Millions of working parents know the routine: bustle the kids off to childcare in the morning, work all day, then fight the daily traffic jams to get the kids back home. Something to drink, maybe a snack to munch, can help ease the commute.


						
Understandably, few parents take the time to think about the nutrients or calories involved, but experts at Cincinnati Children's decided to take a closer look. Their eyebrow-raising findings were published April 27, 2024, in the journal Children's Health Care.

The researchers took a fresh look at older data contained in daily food journals kept by more than 300 families of children who attended 30 childcare centers that participated in the Preschool Eating and Activity Study (2009-2011). They found that the hour after parents and caregivers picked up their children stood out as a high-calorie, relatively less healthy part of the child's overall diet.

Overall, these children, ages 3 to 5, consumed more than 1,471 calories across the entire day -- an amount on the high end of recommended daily limits. Of that amount, 290 calories, on average, were consumed in the hour after leaving day care. That's about 20% of the day's entire calorie intake.

Adding concern: after-care food and drink accounted for about 22% of the day's added sugar and about one-third of the sweet and salty snack foods the children ate.

"Every parent knows how busy that time of day can feel. Parents can feel stressed, the kids may be cranky, hungry, or tired. There's nothing wrong with treats once in a while," says senior author Kristen Copeland, MD, Division of General and Community Pediatrics. "But that car ride home also can be an opportunity to instill healthier habits instead of less healthy ones."

If busy parents want to try a small change that might make a big difference, consider stocking the car with veggie sticks, cheese, fruit slices, and low-sugar drinks such as water or milk. A few minutes of preparation can make it easier to skip the high-calorie drive-throughs and sugar-loaded packaged snacks.

"Children of preschool age are in a highly habit-forming time of their lives. They thrive on routine," Copeland says. "Children often look forward to the car ride home, which makes that time an opportunity to start a healthy snacking habit that could last a lifetime."
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        Webb telescope probably didn't find life on an exoplanet -- yet
        Recent reports of NASA's James Webb Space Telescope finding signs of life on a distant planet understandably sparked excitement. A new study challenges this finding, but also outlines how the telescope might verify the presence of the life-produced gas.

      

      
        The big quantum chill: Scientists modify common lab refrigerator to cool faster with less energy
        Scientists have dramatically reduced the time and energy required to chill materials to temperatures near absolute zero. Their prototype refrigerator could prove a boon for the burgeoning quantum industry, which widely uses ultracold materials.

      

      
        Science has an AI problem: This group says they can fix it
        A team of 19 prominent researchers has published guidelines for the responsible use of machine learning in science. They say it could avert a crisis that's smoldering in every field.

      

      
        Physicists build new device that is foundation for quantum computing
        Scientists have adapted a device called a microwave circulator for use in quantum computers, allowing them for the first time to precisely tune the exact degree of nonreciprocity between a qubit, the fundamental unit of quantum computing, and a microwave-resonant cavity. The ability to precisely tune the degree of nonreciprocity is an important tool to have in quantum information processing. In doing so, the team derived a general and widely applicable theory that simplifies and expands upon olde...

      

      
        Researchers unlock potential of 2D magnetic devices for future computing
        A research team has created an innovative method to control tiny magnetic states within ultrathin, two-dimensional van der Waals magnets -- a process akin to how flipping a light switch controls a bulb.

      

      
        A 'cosmic glitch' in gravity
        Researchers have discovered a potential 'cosmic glitch' in the universe's gravity, explaining its strange behavior on a cosmic scale.

      

      
        Virtual reality environment for teens may offer an accessible, affordable way to reduce stress
        Working with teens, researchers designed RESeT: a snowy virtual world with six activities intended to improve mood. In a 3-week study of 44 teens, researchers found that most of the teens used the technology about twice a week without being prompted and reported lower stress levels after using the environment.

      

      
        Earth-like environment likely on ancient Mars
        A research team using the ChemCam instrument onboard NASA's Curiosity rover discovered higher-than-usual amounts of manganese in lakebed rocks within Gale Crater on Mars, which indicates that the sediments were formed in a river, delta, or near the shoreline of an ancient lake.

      

      
        Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows
        The body clock has a significant impact on the performance of NBA players. Data shows vastly better win ratio for home teams from the Western Time Zone Area (PDT) when playing an EDT team, compared to vice versa.

      

      
        Improved AI process could better predict water supplies
        A new computer model uses a better artificial intelligence process to measure snow and water availability more accurately across vast distances in the West, information that could someday be used to better predict water availability for farmers and others. The researchers predict water availability from areas in the West where snow amounts aren't being physically measured.

      

      
        Activity in a room stirs up nanoparticles left over from consumer sprays
        Common household products containing nanoparticles -- grains of engineered material so miniscule they are invisible to the eye -- could be contributing to a new form of indoor air pollution, according to a new study.

      

      
        Missing link in species conservation: Pharmacists, chemists could turn tide on plant, animal extinction
        As the world faces the loss of a staggering number of species of animals and plants to endangerment and extinction, one scientist has an urgent message: Chemists and pharmacists should be key players in species conservation efforts.

      

      
        Researchers develop an AI model to reduce uncertainty in evapotranspiration prediction
        Evapotranspiration (ET) includes evaporation from soil and open water pools such as lakes, rivers, and ponds, as well as transpiration from plant leaves. The difference between precipitation and ET indicates the water balance available for societal needs, including agricultural and industrial production. However, measuring ET is challenging. A new study presents a computer model that uses artificial intelligence (AI) for ET prediction based on remote sensing estimates.

      

      
        Webb captures top of iconic horsehead nebula in unprecedented detail
        NASA's James Webb Space Telescope has captured the sharpest infrared images to date of a zoomed-in portion of one of the most distinctive objects in our skies, the Horsehead Nebula. These observations show the top of the 'horse's mane' or edge of this iconic nebula in a whole new light, capturing the region's complexity with unprecedented spatial resolution.

      

      
        Scientists solve chemical mystery at the interface of biology and technology
        Organic electrochemical transistors (OECTs) allow current to flow in devices like implantable biosensors. But scientists long knew about a quirk of OECTs that no one could explain: When an OECT is switched on, there is a lag before current reaches the desired operational level. When switched off, there is no lag. Current drops immediately. Researchers report that they have discovered the reason for this activation lag, and in the process are paving the way to custom-tailored OECTs for a growing l...

      

      
        Methane emissions from landfill could be turned into sustainable jet fuel in plasma chemistry leap
        Researchers have developed a chemical process using plasma that could create sustainable jet fuel from methane gas emitted from landfills, potentially creating a low-carbon aviation industry.

      

      
        Big data reveals true climate impact of worldwide air travel
        A new study that looked at nearly 40 million flights in 2019 calculated the greenhouse gas emissions from air travel for essentially every country on the planet. At 911 million tons, the total emissions from aviation are 50 per cent higher than the 604 million tons reported to the United Nations for that year.

      

      
        Under examination: Buckling -- when structures suddenly collapse
        An engineer has designed a model to guide better design of thin-walled structures, like planes, cars and submersibles, to avoid catastrophe like sudden collapse due to buckling.

      

      
        Machine listening: Making speech recognition systems more inclusive
        One group commonly misunderstood by voice technology are individuals who speak African American English, or AAE. Researchers designed an experiment to test how AAE speakers adapt their speech when imagining talking to a voice assistant, compared to talking to a friend, family member, or stranger. The study tested familiar human, unfamiliar human, and voice assistant-directed speech conditions by comparing speech rate and pitch variation. Analysis of the recordings showed that the speakers exhibit...

      

      
        Biodegradable 'living plastic' houses bacterial spores that help it break down
        A new type of bioplastic could help reduce the plastic industry's environmental footprint. Researchers have developed a biodegradable form of thermoplastic polyurethane (TPU) filled with bacterial spores that, when exposed to nutrients present in compost, germinate and break down the material at the end of its life cycle.

      

      
        NASA's Webb maps weather on planet 280 light-years away
        Researchers have successfully used NASA's James Webb Space Telescope to map the weather on the hot gas-giant exoplanet WASP-43 b.

      

      
        Innovation promises to prevent power pole-top fires
        Engineers in Australia have found a new way to make power-pole insulators resistant to fire and electrical sparking, promising to prevent dangerous pole-top fires and reduce blackouts. Pole-top fires pose significant challenges to power providers and communities worldwide. In March, pole-top fires cut power from 40,000 homes and businesses in Perth, Australia. The 2020 Royal Commission into National Natural Disaster Arrangements found that power outages experienced by 280,000 customers from vario...

      

      
        A virus could help save billions of gallons of wastewater produced by fracking
        An estimated 168 billion gallons of wastewater -- or produced water -- is generated annually by the Permian Basin fracking industry, according to a 2022 report. The major waste stream has proved both difficult and costly to treat because of the chemical complexity of the water.

      

      
        Discovery of mechanism plants use to change seed oil could impact industrial, food oils
        Researchers have discovered a new mechanism of oil biosynthesis and found a way to genetically engineer a type of test plant to more efficiently produce different kinds of seed oil that it otherwise wouldn't make. While the engineering is proof-of-concept, this discovery could lead to improved production of valuable oils used in food and by a range of industries. The modified plant overcame metabolic bottlenecks and produced significant amounts of an oil similar to castor oil that it doesn't natu...

      

      
        New technology makes 3D microscopes easier to use, less expensive to manufacture
        3D microscopes are used in applications from the life sciences to semiconductor manufacturing. Now engineers are developing patented and patent-pending innovations making them work faster to capture even more 3D images and less expensive to manufacture.

      

      
        Trotting robots reveal emergence of animal gait transitions
        A four-legged robot trained with machine learning has learned to avoid falls by spontaneously switching between walking, trotting, and pronking -- a milestone for roboticists as well as biologists interested in animal locomotion.

      

      
        E-bike incentives prove to be worth the investment
        Electric bicycle rebates have exploded in popularity in North America as transportation planners try to get people out of their cars and into healthier, more climate-friendly alternatives. However, questions remain: Are new cycling habits sustainable? Who benefits most from these incentives? And are they worth the cost? Researchers now have some answers.

      

      
        Research on RNA editing illuminates possible lifesaving treatments for genetic diseases
        The research explores how CRISPR can be used to edit RNA.

      

      
        Scientists harness the wind as a tool to move objects
        Researchers have developed a technique to move objects around with a jet of wind. The new approach makes it possible to manipulate objects at a distance and could be integrated into robots to give machines ethereal fingers.

      

      
        Laser imaging could offer early detection for at-risk artwork
        A bright yellow pigment favored a century ago by Impressionists such as Matisse and Van Gogh is losing its luster. Researchers have developed a laser imaging technique that can detect the first tiny signs of the pigment's breakdown before they're visible to the eye. The work could help art conservators take earlier steps to make the color last.

      

      
        Gemini south reveals origin of unexpected differences in giant binary stars
        Astronomers have confirmed that differences in binary stars' composition can originate from chemical variations in the cloud of stellar material from which they formed. The results help explain why stars born from the same molecular cloud can possess different chemical composition and host different planetary systems, as well as pose challenges to current stellar and planet formation models.

      

      
        Researchers develop a new way to instruct dance in Virtual Reality
        Virtual reality dance made easier with crowd wave technique. Open source code can be downloaded for Quest 2 and 3.

      

      
        'Seeing the invisible': New tech enables deep tissue imaging during surgery
        Hyperspectral imaging (HSI) is a state-of-the-art imaging technique useful for determining the composition of a variety of objects. Specifically, over-thousand-nanometer (OTN) HSI is particularly useful for detecting organic substances and in medical imaging. In a new study, researchers have developed the world's first rigid endoscope for visible-to-OTN HSI, utilizing supercontinuum lighting and an acoustic-opto tunable filter. This innovative system can pave the way for advanced medical imaging,...

      

      
        Details of hurricane Ian's aftermath captured with new remote sensing method
        Using aerial imagery data and LiDAR, a study remotely identified the hardest-hit areas of Southwest Florida's Estero Island in the aftermath of Hurricane Ian. Researchers estimated the extent of structural damage and compared pre- and post-storm beach structural changes. They identified 2,427 structures that were impacted. The value of the heavily damaged structures was estimated at more than $200 million. The study has applied an advanced multi-faceted approach that links damage assessment to po...

      

      
        When does a conductor not conduct?
        A new study uncovers a switchable, atomically-thin metal-organic material that could be used in future low-energy electronic technologies. The study shows that electron interactions in this material create an unusual electrically-insulating phase in which electrons are 'frozen'. By reducing the population of electrons, the authors are able to unfreeze the remaining electrons, allowing for controlled transitions between insulating and electrically-conductive phases: the key to the on-off binary op...

      

      
        Scientists develop strong yet reusable adhesive from smart materials
        Scientists have developed a smart, reusable adhesive more than ten times stronger than a gecko's feet adhesion, pointing the way for development of reusable superglue and grippers capable of holding heavy weights across rough and smooth surfaces. The research team found a way to maximize the adhesion of the smart adhesives by using shape-memory polymers, which can stick and detach easily when needed simply by heating them. This smart adhesive can support extremely heavy weights, opening new possi...

      

      
        Physicists show that light can generate electricity even in translucent materials
        Some materials are transparent to light of a certain frequency. When such light is shone on them, electrical currents can still be generated, contrary to previous assumptions. Scientists have managed to prove this.

      

      
        Speeding up spectroscopic analysis
        Ultrafast laser spectroscopy allows the ascertainment of dynamics over extremely short time scales, making it a very useful tool in many scientific and industrial applications. A major disadvantage is the considerable measuring time this technique usually requires, which often leads to lengthy acquisition times spanning minutes to hours. Researchers have now developed a technique to speed up spectroscopic analysis.

      

      
        Probing the effects of interplanetary space on asteroid Ryugu
        Samples reveal evidence of changes experienced by the surface of asteroid Ryugu, some probably due to micrometeoroid bombardment.

      

      
        Computer scientists unveil novel attacks on cybersecurity
        Researchers have found two novel types of attacks that target the conditional branch predictor found in high-end Intel processors, which could be exploited to compromise billions of processors currently in use.

      

      
        The end of the quantum tunnel
        Quantum mechanical effects such as radioactive decay, or more generally: 'tunneling', display intriguing mathematical patterns. Researchers now show that a 40-year-old mathematical discovery can be used to fully encode and understand this structure.

      

      
        New algorithm cuts through 'noisy' data to better predict tipping points
        A new algorithm can identify the most predictive data points that a tipping point is near.

      

      
        From disorder to order: Flocking birds and 'spinning' particles
        Researchers have demonstrated that ferromagnetism, an ordered state of atoms, can be induced by increasing particle motility and that repulsive forces between atoms are sufficient to maintain it. The discovery not only extends the concept of active matter to quantum systems but also contributes to the development of novel technologies that rely on the magnetic properties of particles, such as magnetic memory and quantum computing.

      

      
        Energy trades could help resolve Nile conflict
        Scientists have shed light on a new, transformative approach that could help resolve a dispute over the Nile river's water resources.

      

      
        Tomography-based digital twins of Nd-Fe-B magnets
        Scientists have succeeded in simulating the magnetization reversal of Nd-Fe-B magnets using large-scale finite element models constructed based on tomographic data obtained by electron microscopy. Such simulations have shed light on microstructural features that hinder the coercivity, which quantifies a magnet's resistance to demagnetization in opposing magnetic fields. New tomography-based models are expected to guide toward the development of sustainable permanent magnets with ultimate performa...

      

      
        Barcodes expand range of high-resolution sensor
        A technique vastly expands the range of optical sensors used in measuring chemical signatures and molecules.

      

      
        Imaging technique shows new details of peptide structures
        Researchers outline how they used a chemical probe to light up interlocking peptides. Their technique will help scientists differentiate synthetic peptides from toxic types found in Alzheimer's disease.

      

      
        New circuit boards can be repeatedly recycled
        Researchers have developed a new PCB that performs on par with traditional materials and can be recycled repeatedly with negligible material loss. Researchers used a solvent that transforms a type of vitrimer -- a cutting-edge class of polymer -- into a jelly-like substance without damage, allowing solid components to be plucked out for reuse or recycling. With these 'vPCBs' (vitrimer printed circuit boards), researchers recovered 98% of the vitrimer and 100% of the glass fiber.

      

      
        Getting dynamic information from static snapshots
        Researchers have created TopicVelo, a powerful new method of using the static snapshots from scRNA-seq to study how cells and genes change over time. This will help researchers better study how embryos develop, cells differentiate, cancers form, and the immune system reacts.

      

      
        Surprising evolutionary pattern in yeast study
        Research study reports intriguing findings made through innovative artificial intelligence analysis about yeasts -- small fungi that are key contributors to biotechnology, food production, and human health. These findings on simple yeast organisms not only challenge widely accepted ideas about yeast evolution, but also provides access to an incredibly rich yeast analysis dataset that could have major implications for future evolutionary biology and bioinformatics research for years to come.
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Webb telescope probably didn't find life on an exoplanet -- yet | ScienceDaily
Recent reports of NASA's James Webb Space Telescope finding signs of life on a distant planet understandably sparked excitement. A new study challenges this finding, but also outlines how the telescope might verify the presence of the life-produced gas.


						
The UC Riverside study, published in the Astrophysical Journal Letters, may be a disappointment to extraterrestrial enthusiasts but does not rule out the near-future possibility of discovery.

In 2023 there were tantalizing reports of a biosignature gas in the atmosphere of planet K2-18b, which seemed to have several conditions that would make life possible.

Many exoplanets, meaning planets orbiting other stars, are not easily comparable to Earth. Their temperatures, atmospheres, and climates make it hard to imagine Earth-type life on them.

However, K2-18b is a bit different. "This planet gets almost the same amount of solar radiation as Earth. And if atmosphere is removed as a factor, K2-18b has a temperature close to Earth's, which is also an ideal situation in which to find life," said UCR project scientist and paper author Shang-Min Tsai.

K2-18b's atmosphere is mainly hydrogen, unlike our nitrogen-based atmosphere. But there was speculation that K2-18b has water oceans, like Earth. That makes K2-18b a potentially "Hycean" world, which means a combination of a hydrogen atmosphere and water oceans.

Last year, a Cambridge team revealed methane and carbon dioxide in the atmosphere of K2-18b using JWST -- other elements that could point to signs of life.




"What was icing on the cake, in terms of the search for life, is that last year these researchers reported a tentative detection of dimethyl sulfide, or DMS, in the atmosphere of that planet, which is produced by ocean phytoplankton on Earth," Tsai said. DMS is the main source of airborne sulfur on our planet and may play a role in cloud formation.

Because the telescope data were inconclusive, the UCR researchers wanted to understand whether enough DMS could accumulate to detectable levels on K2-18b, which is about 120 light years away from Earth. As with any planet that far away, obtaining physical samples of atmospheric chemicals is impossible.

"The DMS signal from the Webb telescope was not very strong and only showed up in certain ways when analyzing the data," Tsai said. "We wanted to know if we could be sure of what seemed like a hint about DMS."

Based on computer models that account for the physics and chemistry of DMS, as well as the hydrogen-based atmosphere, the researchers found that it is unlikely the data show the presence of DMS. "The signal strongly overlaps with methane, and we think that picking out DMS from methane is beyond this instrument's capability," Tsai said.

However, the researchers believe it is possible for DMS to accumulate to detectable levels. For that to happen, plankton or some other life form would have to produce 20 times more DMS than is present on Earth.

Detecting life on exoplanets is a daunting task, given their distance from Earth. To find DMS, the Webb telescope would need to use an instrument better able to detect infrared wavelengths in the atmosphere than the one used last year. Fortunately, the telescope will use such an instrument later this year, revealing definitively whether DMS exists on K2-18b.

"The best biosignatures on an exoplanet may differ significantly from those we find most abundant on Earth today. On a planet with a hydrogen-rich atmosphere, we may be more likely to find DMS made by life instead of oxygen made by plants and bacteria as on Earth," said UCR astrobiologist Eddie Schwieterman, a senior author of the study.

Given the complexities of searching far-flung planets for signs of life, some wonder about the researchers continued motivations.

"Why do we keep exploring the cosmos for signs of life? Imagine you're camping in Joshua Tree at night, and you hear something. Your instinct is to shine a light to see what's out there. That's what we're doing too, in a way," Tsai said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240502113121.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The big quantum chill: Scientists modify common lab refrigerator to cool faster with less energy | ScienceDaily
By modifying a refrigerator commonly used in both research and industry, researchers at the National Institute of Standards and Technology (NIST) have drastically reduced the time and energy required to cool materials to within a few degrees above absolute zero. The scientists say that their prototype device, which they are now working to commercialize with an industrial partner, could annually save an estimated 27 million watts of power, $30 million in global electricity consumption and enough cooling water to fill 5,000 Olympic swimming pools.


						
From stabilizing qubits (the basic unit of information in a quantum computer) to maintaining the superconducting properties of materials and keeping NASA's James Webb Space Telescope cool enough to observe the heavens, ultracold refrigeration is essential to the operation of many devices and sensors. For decades, the pulse tube refrigerator (PTR) has been the workhorse device for achieving temperatures as cold as the vacuum of outer space.

These refrigerators cyclically compress (heat) and expand (cool) high pressure helium gas to achieve the "Big Chill," broadly analogous to the way a household refrigerator uses the transformation of freon from liquid to vapor to remove heat. For more than 40 years, the PTR has proven its reliability, but it is also power-hungry, consuming more electricity than any other component of an ultralow temperature experiment.

When NIST researcher Ryan Snodgrass and his colleagues took a closer look at the refrigerator, they found that manufacturers had built the device to be energy efficient only at its final operating temperature of 4 kelvin (K), or 4 degrees above absolute zero. The team found that these refrigerators are extremely inefficient at higher temperatures -- a big issue because the cooldown process begins at room temperature.

During a series of experiments, Snodgrass, along with NIST scientists Joel Ullom, Vincent Kotsubo and Scott Backhaus, discovered that at room temperature, the helium gas was under such high pressure that some of it was shunted through a relief valve instead of being used for cooling. By changing the mechanical connections between the compressor and the refrigerator, the team ensured that none of the helium would be wasted, greatly improving the efficiency of the refrigerator.

In particular, the researchers continually adjusted a series of valves that control the amount of helium gas flowing from the compressor to the refrigerator. The scientists found that if they allowed the valves to have a larger opening at room temperature and then gradually closed them as cooling proceeded, they could reduce the cooldown time to between one half and one quarter of what it is now. Currently, scientists must wait a day or more for new quantum circuits to be cold enough to test. Since the progress of scientific research can be limited by the time it takes to reach cryogenic temperatures, the faster cooldown provided by this technology could broadly impact many fields, including quantum computing and other areas of quantum research. The technology developed by the NIST team could also allow scientists to replace large pulse tube refrigerators with much smaller ones, which require less supporting infrastructure, Snodgrass said.

The need for these refrigerators will greatly expand as research on quantum computing, along with its reliance on cryogenic technology, continues to grow. The modified PTR would then save a much greater amount of money, electrical energy and cooling water. In addition to supporting a burgeoning quantum economy, the device would also expedite research because scientists would no longer have to wait days or weeks for qubits and other quantum components to cool.
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Science has an AI problem: This group says they can fix it | ScienceDaily
AI holds the potential to help doctors find early markers of disease and policymakers to avoid decisions that lead to war. But a growing body of evidence has revealed deep flaws in how machine learning is used in science, a problem that has swept through dozens of fields and implicated thousands of erroneous papers.


						
Now an interdisciplinary team of 19 researchers, led by Princeton University computer scientists Arvind Narayanan and Sayash Kapoor, has published guidelines for the responsible use of machine learning in science.

"When we graduate from traditional statistical methods to machine learning methods, there are a vastly greater number of ways to shoot oneself in the foot," said Narayanan, director of Princeton's Center for Information Technology Policy and a professor of computer science. "If we don't have an intervention to improve our scientific standards and reporting standards when it comes to machine learning-based science, we risk not just one discipline but many different scientific disciplines rediscovering these crises one after another."

The authors say their work is an effort to stamp out this smoldering crisis of credibility that threatens to engulf nearly every corner of the research enterprise. A paper detailing their guidelines appeared May 1 in the journal Science Advances.

Because machine learning has been adopted across virtually every scientific discipline, with no universal standards safeguarding the integrity of those methods, Narayanan said the current crisis, which he calls the reproducibility crisis, could become far more serious than the replication crisis that emerged in social psychology more than a decade ago.

The good news is that a simple set of best practices can help resolve this newer crisis before it gets out of hand, according to the authors, who come from computer science, mathematics, social science and health research.

"This is a systematic problem with systematic solutions," said Kapoor, a graduate student who works with Narayanan and who organized the effort to produce the new consensus-based checklist.




The checklist focuses on ensuring the integrity of research that uses machine learning. Science depends on the ability to independently reproduce results and validate claims. Otherwise, new work cannot be reliably built atop old work, and the entire enterprise collapses. While other researchers have developed checklists that apply to discipline-specific problems, notably in medicine, the new guidelines start with the underlying methods and apply them to any quantitative discipline.

One of the main takeaways is transparency. The checklist calls on researchers to provide detailed descriptions of each machine learning model, including the code, the data used to train and test the model, the hardware specifications used to produce the results, the experimental design, the project's goals and any limitations of the study's findings. The standards are flexible enough to accommodate a wide range of nuance, including private datasets and complex hardware configurations, according to the authors.

While the increased rigor of these new standards might slow the publication of any given study, the authors believe wide adoption of these standards would increase the overall rate of discovery and innovation, potentially by a lot.

"What we ultimately care about is the pace of scientific progress," said sociologist Emily Cantrell, one of the lead authors, who is pursuing her Ph.D. at Princeton. "By making sure the papers that get published are of high quality and that they're a solid base for future papers to build on, that potentially then speeds up the pace of scientific progress. Focusing on scientific progress itself and not just getting papers out the door is really where our emphasis should be."

Kapoor concurred. The errors hurt. "At the collective level, it's just a major time sink," he said. That time costs money. And that money, once wasted, could have catastrophic downstream effects, limiting the kinds of science that attract funding and investment, tanking ventures that are inadvertently built on faulty science, and discouraging countless numbers of young researchers.

In working toward a consensus about what should be included in the guidelines, the authors said they aimed to strike a balance: simple enough to be widely adopted, comprehensive enough to catch as many common mistakes as possible.

They say researchers could adopt the standards to improve their own work; peer reviewers could use the checklist to assess papers; and journals could adopt the standards as a requirement for publication.

"The scientific literature, especially in applied machine learning research, is full of avoidable errors," Narayanan said. "And we want to help people. We want to keep honest people honest."
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Physicists build new device that is foundation for quantum computing | ScienceDaily
Scientists led by the University of Massachusetts Amherst have adapted a device called a microwave circulator for use in quantum computers, allowing them for the first time to precisely tune the exact degree of nonreciprocity between a qubit, the fundamental unit of quantum computing, and a microwave-resonant cavity. The ability to precisely tune the degree of nonreciprocity is an important tool to have in quantum information processing. In doing so, the team, including collaborators from the University of Chicago, derived a general and widely applicable theory that simplifies and expands upon older understandings of nonreciprocity so that future work on similar topics can take advantage of the team's model, even when using different components and platforms. The research was published recently in Science Advances.


						
Quantum computing differs fundamentally from the bit-based computing we all do every day. A bit is a piece of information typically expressed as a 0 or a 1. Bits are the basis for all the software, websites and emails that make up our electronic world.

By contrast, quantum computing relies on "quantum bits," or "qubits," which are like regular bits except that they are represented by the "quantum superposition" of two states of a quantum object. Matter in a quantum state behaves very differently, which means that qubits aren't relegated to being only 0s or 1s -- they can be both at the same time in a way that sounds like magic, but which is well defined by the laws of quantum mechanics. This property of quantum superposition leads to the increased power capabilities of quantum computers.

Furthermore, a property called "nonreciprocity" can create additional avenues for quantum computing to leverage the potential of the quantum world.

"Imagine a conversation between two people," says Sean van Geldern, graduate student in physics at UMass Amherst and one of the paper's authors. "Total reciprocity is when each of the people in that conversation is sharing an equal amount of information. Nonreciprocity is when one person is sharing a little bit less than the other."

"This is desirable in quantum computing," says senior author Chen Wang, assistant professor of physics at UMass Amherst, "because there are many computing scenarios where you want to give plenty of access to data without giving anyone the power to alter or degrade that data."

To control nonreciprocity, lead author Ying-Ying Wang, graduate student in physics at UMass Amherst, and her co-authors ran a series of simulations to determine the design and properties their circulator would need to have in order for them to vary its nonreciprocity. They then built their circulator and ran a host of experiments not just to prove their concept, but to understand exactly how their device enabled nonreciprocity. In the course of doing so, they were able to revise their model, which contained 16 parameters detailing how to build their specific device, to a simpler and more general model of only six parameters. This revised, more general model is much more useful than the initial, more specific one, because it is widely applicable to a range of future research efforts.




The "integrated nonreciprocal device" that the team built looks like a "Y." At the center of the "Y" is the circulator, which is like a traffic roundabout for the microwave signals mediating the quantum interactions. One of the legs is the cavity port, a resonant superconducting cavity hosting an electromagnetic field. Another leg of the "Y" holds the qubit, printed on a sapphire chip. The final leg is the output port.

"If we vary the superconducting electromagnetic field by bombarding it with photons," says Ying-Ying Wang, "we see that that qubit reacts in a predictable and controllable way, which means that we can adjust exactly how much reciprocity we want. And the simplified model that we produced describes our system in such a way that the external parameters can be calculated to tune an exact degree of nonreciprocity."

"This is the first demonstration of embedding nonreceptivity into a quantum computing device," says Chen Wang, "and it opens the door to engineering more sophisticated quantum computing hardware."

Funding for this research was provided by the U.S. Department of Energy, the Army Research Office, Simons Foundation, Air Force Office of Scientific Research, the U.S. National Science Foundation, and the Laboratory for Physical Sciences Qubit Collaboratory.
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Researchers unlock potential of 2D magnetic devices for future computing | ScienceDaily
Imagine a future where computers can learn and make decisions in ways that mimic human thinking, but at a speed and efficiency that are orders of magnitude greater than the current capability of computers.


						
A research team at the University of Wyoming created an innovative method to control tiny magnetic states within ultrathin, two-dimensional (2D) van der Waals magnets -- a process akin to how flipping a light switch controls a bulb.

"Our discovery could lead to advanced memory devices that store more data and consume less power or enable the development of entirely new types of computers that can quickly solve problems that are currently intractable," says Jifa Tian, an assistant professor in the UW Department of Physics and Astronomy and interim director of UW's Center for Quantum Information Science and Engineering.

Tian was corresponding author of a paper, titled "Tunneling current-controlled spin states in few-layer van der Waals magnets," that was published today (May 1) in Nature Communications, an open access, multidisciplinary journal dedicated to publishing high-quality research in all areas of the biological, health, physical, chemical, Earth, social, mathematical, applied and engineering sciences.

Van der Waals materials are made up of strongly bonded 2D layers that are bound in the third dimension through weaker van der Waals forces. For example, graphite is a van der Waals material that isbroadly used in industry in electrodes, lubricants, fibers, heat exchangers and batteries. The nature of the van der Waals forces between layers allows researchers to use Scotch tape to peel the layers into atomic thickness.

The team developed a device known as a magnetic tunnel junction, which uses chromium triiodide -- a 2D insulating magnet only a few atoms thick -- sandwiched between two layers of graphene. By sending a tiny electric current -- called a tunneling current -- through this sandwich, the direction of the magnet's orientation of the magnetic domains (around 100 nanometers in size) can be dictated within the individual chromium triiodide layers, Tian says.

Specifically, "this tunneling current not only can control the switching direction between two stable spin states, but also induces and manipulates switching between metastable spin states, called stochastic switching," says ZhuangEn Fu, a graduate student in Tian's research lab and now a postdoctoral fellow at the University of Maryland.




"This breakthrough is not just intriguing; it's highly practical. It consumes three orders of magnitude smaller energy than traditional methods, akin to swapping an old lightbulb for an LED, marking it a potential game-changer for future technology," Tian says. "Our research could lead to the development of novel computing devices that are faster, smaller and more energy-efficient and powerful than ever before. Our research marks a significant advancement in magnetism at the 2D limit and sets the stage for new, powerful computing platforms, such as probabilistic computers."

Traditional computers use bits to store information as 0's and 1's. This binary code is the foundation of all classic computing processes. Quantum computers use quantum bits that can represent both "0" and "1" at the same time, increasing processing power exponentially.

"In our work, we've developed what you might think of as a probabilistic bit, which can switch between '0' and '1' (two spin states) based on the tunneling current controlled probabilities," Tian says. "These bits are based on the unique properties of ultrathin 2D magnets and can be linked together in a way that is similar to neurons in the brain to form a new kind of computer, known as a probabilistic computer.

"What makes these new computers potentially revolutionary is their ability to handle tasks that are incredibly challenging for traditional and even quantum computers, such as certain types of complex machine learning tasks and data processing problems," Tian continues. "They are naturally tolerant to errors, simple in design and take up less space, which could lead to more efficient and powerful computing technologies."

Hua Chen, an associate professor of physics at Colorado State University, and Allan MacDonald, a professor of physics at the University of Texas-Austin, collaborated to develop a theoretical model that elucidates how tunneling currents influence spin states in the 2D magnetic tunnel junctions. Other contributors were from Penn State University, Northeastern University and the National Institute for Materials Science in Namiki, Tsukuba, Japan.

The study was funded through grants from the U.S. Department of Energy; Wyoming NASA EPSCoR (Established Program to Stimulate Competitive Research); the National Science Foundation; and the World Premier International Research Center Initiative and the Ministry of Education, Culture, Sports, Science and Technology, both in Japan.
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A 'cosmic glitch' in gravity | ScienceDaily
A group of researchers at the University of Waterloo and the University of British Columbia have discovered a potential "cosmic glitch" in the universe's gravity, explaining its strange behaviour on a cosmic scale.


						
For the last 100 years, physicists have relied upon Albert Einstein's theory of "general relativity" to explain how gravity works throughout the universe. General relativity, proven accurate by countless tests and observations, suggests that gravity impacts not simply three physical dimensions but also a fourth dimension: time.

"This model of gravity has been essential for everything from theorizing the Big Bang to photographing black holes," said Robin Wen, the lead author on the project and a recent Waterloo Mathematical Physics graduate.

"But when we try to understand gravity on a cosmic scale, at the scale of galaxy clusters and beyond, we encounter apparent inconsistencies with the predictions of general relativity. It's almost as if gravity itself stops perfectly matching Einstein's theory. We are calling this inconsistency a 'cosmic glitch': gravity becomes around one per cent weaker when dealing with distances in the billions of light years. "

For more than twenty years, physicists and astronomers have been trying to create a mathematical model that explains the apparent inconsistencies of the theory of general relativity. Many of those efforts have taken place at Waterloo, which has a long history of cutting-edge gravitational research resulting from ongoing interdisciplinary collaboration between applied mathematicians and astrophysicists.

"Almost a century ago, astronomers discovered that our universe is expanding," said Niayesh Afshordi, a professor of astrophysics at the University of Waterloo and researcher at the Perimeter Institute.

"The farther away galaxies are, the faster they are moving, to the point that they seem to be moving at nearly the speed of light, the maximum allowed by Einstein's theory. Our finding suggests that, on those very scales, Einstein's theory may also be insufficient."

The research team's new model of a "cosmic glitch" modifies and extends Einstein's mathematical formulas in a way that resolves the inconsistency of some of the cosmological measurements without affecting existing successful uses of general relativity.

"Think of it as being like a footnote to Einstein's theory," Wen said. "Once you reach a cosmic scale, terms and conditions apply."

"This new model might just be the first clue in a cosmic puzzle we are starting to solve across space and time," Afshordi said.
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Virtual reality environment for teens may offer an accessible, affordable way to reduce stress | ScienceDaily
Social media. The climate crisis. Political polarization. The tumult of a pandemic and online learning. Teens today are dealing with unprecedented stressors, and over the past decade their mental health has been in sustained decline. Levels of anxiety and depression rose after the onset of the COVID-19 pandemic. Compounding the problem is a shortage of mental health providers -- for every 100,000 children in the U.S., there are only 14 child and adolescent psychiatrists.


						
In response to this crisis, University of Washington researchers studied whether virtual reality might help reduce stress for teens and boost mental health. Working with adolescents, the team designed a snowy virtual world with six activities -- such as stacking rocks and painting -- based on practices shown to improve mental health.

In a 3-week study of 44 Seattle teens, researchers found that teens used the technology an average of twice a week without being prompted and reported lower stress levels and improved mood while using it, though their levels of anxiety and depression didn't decline overall.

The researchers published their findings April 22 in the journal JMIR XR and Spatial Computing. The system is not publicly available.

"We know what works to help support teens, but a lot of these techniques are inaccessible because they're locked into counseling, which can be expensive, or the counselors just aren't available," said lead author Elin Bjorling, a UW senior research scientist in the human centered design and engineering department. "So we tried to take some of these evidence-based practices, but put them in a much more engaging environment, like VR, so the teens might want to do them on their own."

The world of Relaxation Environment for Stress in Teens, or RESeT, came from conversations the researchers had with groups of teens over two years at Seattle Public Library sites. From these discussions, the team built RESeT as an open winter world with a forest that users could explore by swinging their arms (a behavior known to boost mood) to move their avatar. A signpost with six arrows on it sent users to different activities, each based on methods shown to improve mental health, such as dialectical behavior therapy and mindfulness-based stress reduction.

In one exercise, "Riverboat," users put negative words in paper boats and send them down a river. Another, "Rabbit Hole," has players stand by a stump; the longer they're still, the more rabbits appear.




"In the co-design process, we learned some teens were really afraid of squirrels, which I wouldn't have thought of," Bjorling said. "So we removed all the squirrels. I still have a Post-It in my office that says 'delete squirrels.' But all ages and genders loved rabbits, so we designed Rabbit Hole, where the reward for being calm and paying attention is a lot of rabbits surrounding you."

To test the potential effects of RESeT on teens' mental health, the team enrolled 44 teens between ages 14 and 18 in the study. Each teen was given a Meta Quest 2 headset and asked to use RESeT three to five times a week. Because the researchers were trying to see if teens would use RESeT regularly on their own, they did not give prompts or incentives to use the headsets after the start of the study. Teens were asked to complete surveys gauging their stress and mood before and after each session.

On average, the teens used RESeT twice a week for 11.5 minutes at a time. Overall, they reported feeling significantly less stressed while using RESeT, and also reported smaller improvements in mood. They said they liked using the headset in general. However, the study found no significant effects on anxiety and depression.

"Reduced stress and improved mood are our key findings and exactly what we hoped for," said co-author Jennifer Sonney, an associate professor in the UW School of Nursing who works with children and families. "We didn't have a big enough participant group or a design to study long-term health impacts, but we have promising signals that teens liked using RESeT and could administer it themselves, so we absolutely want to move the project forward."

The researchers aim to conduct a larger, longer-term study with a control group to see if a VR system could impart lasting effects on mood and stress. They're also interested in incorporating artificial intelligence to personalize the VR experience and in exploring offering VR headsets in schools or libraries to improve community access.

Additional co-authors were Himanshu Zade, a UW lecturer and researcher at Microsoft; Sofia Rodriguez, a senior manager at Electronic Arts who completed this research as a UW master's student in human centered design and engineering; Michael D. Pullmann, a research professor in psychiatry and behavioral sciences at the UW School of Medicine; and Soo Hyun Moon, a senior product designer at Statsig who completed this research as a UW master's student in human centered design and engineering. This research was funded by the National Institute of Mental Health through the UW ALACRITY Center, which supports UW research on mental health.
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Earth-like environment likely on ancient Mars | ScienceDaily
A research team using the ChemCam instrument onboard NASA's Curiosity rover discovered higher-than-usual amounts of manganese in lakebed rocks within Gale Crater on Mars, which indicates that the sediments were formed in a river, delta, or near the shoreline of an ancient lake. The results were published today in Journal of Geophysical Research: Planets.


						
"It is difficult for manganese oxide to form on the surface of Mars, so we didn't expect to find it in such high concentrations in a shoreline deposit," said Patrick Gasda, of Los Alamos National Laboratory's Space Science and Applications group and lead author on the study. "On Earth, these types of deposits happen all the time because of the high oxygen in our atmosphere produced by photosynthetic life, and from microbes that help catalyze those manganese oxidation reactions.

"On Mars, we don't have evidence for life, and the mechanism to produce oxygen in Mars's ancient atmosphere is unclear, so how the manganese oxide was formed and concentrated here is really puzzling. These findings point to larger processes occurring in the Martian atmosphere or surface water and shows that more work needs to be done to understand oxidation on Mars," Gasda added.

ChemCam, which was developed at Los Alamos and CNES (the French space agency), uses a laser to form a plasma on the surface of a rock, and collects that light in order to quantify elemental composition in rocks.

The sedimentary rocks explored by the rover are a mix of sands, silts, and muds. The sandy rocks are more porous, and groundwater can more easily pass through sands compared to the muds that make up most of the lakebed rocks in the Gale Crater. The research team looked at how manganese could have been enriched in these sands -- for example, by percolation of groundwater through the sands on the shore of a lake or mouth of a delta -- and what oxidant could be responsible for the precipitation of manganese in the rocks.

On Earth, manganese becomes enriched because of oxygen in the atmosphere, and this process is often sped up by the presence of microbes. Microbes on Earth can use the many oxidation states of manganese as energy for metabolism; if life was present on ancient Mars, the increased amounts of manganese in these rocks along the lake shore would have been a helpful energy source for life.

"The Gale lake environment, as revealed by these ancient rocks, gives us a window into a habitable environment that looks surprisingly similar to places on Earth today," said Nina Lanza, principal investigator for the ChemCam instrument. "Manganese minerals are common in the shallow, oxic waters found on lake shores on Earth, and it's remarkable to find such recognizable features on ancient Mars."
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Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows | ScienceDaily
The body clock has a significant impact on the performance of NBA players, according to study published in the peer-reviewed journal Chronobiology International.


						
The authors say their findings, from more than 25,000 matches, show elite basketball coaches and teams should consider the physical and mental effects of time zone travel when planning games and preparing for games.

A first of its kind, the research is based on the achievements at home and away of NBA (National Basketball Association) league players across 21 consecutive seasons. Considered the most competitive in the world, NBA athletes frequently travel to matches across the five US time zones used by NBA teams.

The findings show that there is a near 10% better win ratio difference for home teams from the western time zone area (PDT) when playing against a team from the eastern EDT time zone, compared to when an EDT team hosts a PDT team.
    	When PDT teams play at home against EDT teams the winning percentage is 63.5%.
    	When EDT teams host a PDT team, the winning percentage drops to 55.0%.

In addition, the findings also show that teams win more home games when players' sleep-wake cycles -- linked to their circadian rhythm (CR) -- are 'ahead' of the local time. This is after they have returned west from competing in a city further east where the local time is earlier.

For example, if the LA Lakers play an away match at Miami (EDT) and then return to Los Angeles (PDT) to play a home game without much CR adaptation time (CR is ahead of the local time), the Lakers play the next home game with a CR advantage against whomever their opponents are.

Teams do not have the same success when players' internal body clocks are either behind or synchronized with the local time where their home arena or stadium is based, according to the results.




Experts from Dokuz Eylul University and Yildiz Technical University, in Turkey, led the study. Dr Firat Ozdalyan, a Sport Physiology expert from Dokuz Eylul, explains that they found NBA teams need to become used to the local time when they play away games to perform well.

"One of the most important results of this research for the home games of the NBA teams is that while traveling to the west increases the performance, traveling to the east decreases the performance," he states.

"Another notable finding is that the success of NBA teams increases when they are fully adapted to the local time for away games.

"Home teams who will be exposed to such a CR phase shift (traveling from west to east) should be mindful of these potential performance detriments when constructing game plans.

"It can be suggested that coaches (of away teams) should bear this (the low shooting success) in mind during the game preparation period."

A circadian rhythm (CR) is the body's sleep-wake pattern over a 24-hour day. A CR phase shift means bedtime and wake-up times move earlier or later in the day.




This means the body clock gets out of sync with the environment which can lead to sleeplessness, daytime tiredness and other issues. The body clock needs 24 hours to adapt for every one-hour time zone change.

The study investigated the effect of a CR shift on the performance of professional NBA athletes.

Data was analyzed from 25,016 regular games across 21 consecutive seasons between 2000 to 2021. Information included the date, location, game result and home or away team. Time zones of the cities where all games were played were identified to calculate the CR phase shifts of the teams.

The expert team say teams in the Pacific time zone may have an advantage in regular season home games such as the Los Angeles Lakers, Portland Trail Blazers, and Seattle Supersonics.

Anaerobic performance could explain why home teams who travel from east to west do better, say the authors. This type of activity which is crucial for scoring, defending and other feats peaks later in the day.

The authors add that the body clock adapts more easily to a long rather than a short day. The day becomes longer traveling east to west and a natural circadian rhythm is slightly longer than 24 hours. So this means basketball players are traveling in the direction their bodies want to go.

As for away teams, the authors say that travel fatigue is more likely to blame for poor performance than phase shifts in CR.

Players who have rest time between games or have not traveled across time zones for an away match are more able to synchronize their body with the local time. As such, they are not as tired and play better.

A limitation of this research is that the traveling schedules of the teams are not known. Since this information was not available, it was not possible to determine how long the teams stayed in which city/time zone; how much they adapted to the local UTC; and what extent they were exposed to a CR phase shift with real data. Therefore, the team used a predictive model for the traveling plans and CR adaptations of the teams by following the rules determined by previous research.

Another limitation is that the games were not separated according to teams' ability differences.
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Improved AI process could better predict water supplies | ScienceDaily
A new computer model uses a better artificial intelligence process to measure snow and water availability more accurately across vast distances in the West, information that could someday be used to better predict water availability for farmers and others.


						
Publishing in the Proceedings of the AAAI Conference on Artificial Intelligence, the interdisciplinary group of Washington State University researchers predict water availability from areas in the West where snow amounts aren't being physically measured.

Comparing their results to measurements from more than 300 snow measuring stations in the Western U.S., they showed that their model outperformed other models that use the AI process known as machine learning. Previous models focused on time-related measures, taking data at different time points from only a few locations. The improved model uses both time and space into account, resulting in more accurate predictions.

The information is critically important for water planners throughout the West because "every drop of water" is appropriated for irrigation, hydropower, drinking water, and environmental needs, said Krishu Thapa, a Washington State University computer science graduate student who led the study.

Water management agencies throughout the West every spring make decisions on how to use water based on how much snow is in the mountains.

"This is a problem that's deeply related to our own way of life continuing in this region in the Western U.S.," said co-author Kirti Rajagopalan, professor in WSU's Department of Biological Systems Engineering. "Snow is definitely key in an area where more than half of the streamflow comes from snow melt. Understanding the dynamics of how that's formed and how that changes, and how it varies spatially is really important for all decisions."

There are 822 snow measurement stations throughout the Western U.S. that provide daily information on the potential water availability at each site, a measurement called the snow-water equivalent (SWE). The stations also provide information on snow depth, temperature, precipitation and relative humidity.




However, the stations are sparsely distributed with approximately one every 1,500 square miles. Even a short distance away from a station, the SWE can change dramatically depending on factors like the area's topography.

"Decision makers look at a few stations that are nearby and make a decision based on that, but how the snow melts and how the different topography or the other features are playing a role in between, that's not accounted for, and that can lead to over predicting or under predicting water supplies," said co-author Bhupinderjeet Singh, a WSU graduate student in biological systems engineering. "Using these machine learning models, we are trying to predict it in a better way."

The researchers developed a modeling framework for SWE prediction and adapted it to capture information in space and time, aiming to predict the daily SWE for any location, whether or not there is a station there. Earlier machine learning models could only focus on the one temporal variable, taking data for one location for multiple days and using that data, making predictions for the other days.

"Using our new technique, we're using both and spatial and temporal models to make decisions, and we are using the additional information to make the actual prediction for the SWE value," said Thapa. "With our work, we're trying to transform that physically sparse network of stations to dense points from which we can predict the value of SWE from those points that don't have any stations."

While this work won't be used for directly informing decisions yet, it is a step in helping with future forecasting and improving the inputs for models for predicting stream flows, said Rajagopalan. The researchers will be working to extend the model to make it spatially complete and eventually make it into a real-world forecasting model.

The work was conducted through the AI Institute for Transforming Workforce and Decision Support (AgAID Institute) and supported by the USDA's National Institute of Food and Agriculture.
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Activity in a room stirs up nanoparticles left over from consumer sprays | ScienceDaily
Common household products containing nanoparticles -- grains of engineered material so miniscule they are invisible to the eye -- could be contributing to a new form of indoor air pollution, according to a Rutgers study.


						
In a study published in the journal Science of the Total Environment, a team of Rutgers researchers found people walking through a space, where a consumer product containing nanoparticles was recently sprayed, stirred residual specks off carpet fibers and floor surfaces, projecting them some three to five feet in the air. A child playing on the floor nearby would be more greatly affected than the adult, experiments showed.

"If an adult is walking in a room, and steps on some of these deposited particles, we found that the particles will be re-suspended in the air and rise as high as that person's breathing zone," said Gediminas Mainelis, a professor in the Department of Environmental Science at Rutgers School of Environmental and Biological Sciences, who led the study. "A child playing on the floor inhales even more because the concentrations of particles are greater closer to the ground."

While it's still too early to gauge the long-term effects of these particles on people's health, Mainelis said the results are important to contemplate. "At this point, it's more about increasing awareness so that people know just what they are using," he said.

A nanoparticle is a fleck of material ranging in size approximately between 1 and 100 nanometers. A nanometer is one-billionth of a meter. The human eye only can see particles larger than ~50,000 nanometers. A sheet of office paper is about 100,000 nanometers thick.

Nanoparticles are in a wide range of popular household products such as cleaners, disinfectants, sunscreen, hairsprays, and cosmetic mists and powders.

Nanomaterials, often made from silver, copper or zinc, have become widely used in industry because of the unusual properties they exhibit when manipulated on a microscopic level.




Scientists have found particles altered at the "nanoscale" can differ in important ways from the properties exhibited by the material in bulk. Some nanoparticles are stronger or have different magnetic properties compared with other forms or sizes of the same material. They can conduct heat or electricity more efficiently. They've been found to become more chemically reactive, reflect light better or change color.

Since nanoparticles differ substantially from the properties of the same material in aggregated form, researchers worry that nanoparticles may differ in terms of being more strongly toxic, with consequences for human health.

"There is very limited knowledge of the potential for exposure to nanoparticles from consumer products and resulting health effects," said Mainelis, who has been studying these substances since 2012.

Scientists have long been familiar with the fact that pollutant particles deposited on flooring surfaces could be resuspended by walking, Mainelis said. What wasn't known was whether particles from nanotechnology-enabled consumer sprays could be resuspended. Also, the factors affecting resuspension weren't well understood.

To learn more, Mainelis and his team constructed an enclosed, air-controlled chamber in a section of his laboratory with both carpeting and vinyl flooring. They used a small robot to simulate the actions of a child. And, wearing Tyvek suits and respirators, they walked the surface after seven products containing nanoparticles of silver, zinc, and copper were sprayed into the air, and measured the results.

They confirmed nanoparticles were released by the tested sprays and reached the human breathing zone. They found children could be exposed to higher particle mass concentrations than adults during spraying and resuspension of deposited particles. The study also showed resuspension of particles from carpets produced a higher concentration of particles than from the vinyl flooring. The researchers also concluded that the concentration of particles resuspended by their motion depended on the product.

The research can guide individuals on approaches to protect health, Mainelis said.

"We can use this knowledge to minimize our exposures, in this case to various nanomaterials," Mainelis said. "Overall, this work could help us understand the resulting exposures and support future studies on human exposure reduction." Other researchers on the study included Jie McAtee, a postdoctoral associate, and Ruikang He, a doctoral student who graduated in 2023 and is now a postdoctoral associate in China, both in the Department of Environmental Science at the Rutgers School of Environmental and Biological Science.
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Missing link in species conservation: Pharmacists, chemists could turn tide on plant, animal extinction | ScienceDaily
As the world faces the loss of a staggering number of species of animals and plants to endangerment and extinction, one University of Michigan scientist has an urgent message: Chemists and pharmacists should be key players in species conservation efforts.


						
"Medicinal chemistry expertise is desperately needed on the frontlines of extinction," said Timothy Cernak, assistant professor of medicinal chemistry at the U-M College of Pharmacy. "Animals are dying at staggering rates, but they don't have to. Modern bioscience has achieved enormous breakthroughs in treating disease in humans, and the same medications, and the science behind them, can be applied in the wild."

Local and global efforts to reduce environmental damage are underway, but they are too slow to save the many ailing populations in the wild, he said.

"We are in the middle of a mass extinction. We are chasing mass die-offs around the world. Lowland gorillas, Argentinian penguins, the akikiki bird in Hawaii, loggerhead turtles in Florida. The list goes on, and many precious plants are also hanging by a thread," he said. "So it's critical to bring the power of modern pharmaceuticals and the dosing expertise of medicinal chemistry into conservation efforts."

Cernak and a team of young scientists, including a local high school student, make the case for establishing and nurturing the emerging field of conservation medicine in a research article published this week in the Journal of Medicinal Chemistry.

"It's hard-core science. It's bringing the lens of medicinal chemistry and modern pharmaceuticals into the conversation to save other species," Cernak said. "Drivers of the current mass extinction include habitat loss, global warming and overharvesting, but one specific root cause -- wildlife disease -- seems ripe for intervention. Medicinal chemistry is that intervention."

Cernak, in one of many roles and research projects, receives samples of dead and ailing species from around the world. Using the same methods and models used to find compounds that work against human disease, his lab at U-M, which recently brought a veterinarian on board, tests chemical compounds on samples to see which ones respond to disease-causing organisms. A major focus is fungus, the single-largest killer of amphibians.




In their paper, the authors propose a new role for chemistry and pharmacy on the frontlines of preventing extinction: "A long-term solution to mass extinction is to fix climate change and habitat loss using new technologies and new policies. As a bandage for the short term, chemistry in service of endangered species is needed.

"Medicinal chemists interested in preventing extinction are encouraged to talk to zookeepers, foresters, veterinarians, entomologists, wildlife rehabilitators and conservationists to learn about the challenges and solutions where conservation medicine could make an impact, and to share their wisdom from the frontlines of drug discovery."

Cernak is pushing for a new, impactful field of science.

"At the higher level, my mission is to have pharmaceutical companies be involved in this space and young scientists view this as the field they want to go into -- a field that doesn't really exist at this point," he said. "A more immediate goal is fundraising and more research as the field and the value of the field is established."

From deadly fungus decimating Panamanian golden frogs, cancerous tumors killing loggerhead turtles and the numerous pests and illnesses sickening plants such as the hemlock tree, there is no shortage of challenges for conservation medicine to tackle.

One of those challenges may be preventing a disease from threatening public health.




"In January, 96% of sea lion pups in Argentina died in January from avian flu. If it reaches humans, what are we going to do?" Cernak said. "There may be just five akikiki songbirds left in the wild. They are dying from malaria and pox, diseases that can be treated in humans."

Studying wildlife diseases could also provide critical insights to medicinal chemists focused on human health, he said, and possibly a new paradigm where drug development and dosing prediction models, which are currently trained heavily on pharmacokinetics in rodents, could be diversified.

"The problem is that too often, conservationists who are trying desperately to treat and save dwindling populations aren't equipped with the latest pharmaceutical science and tools," he said. "Given current knowledge gaps, they may not know which drug will work best or what the right dosage might be for an endangered species."

Bringing chemists and pharmacists into the conservation fold isn't meant to diminish veterinarians and conservation groups, but to blend their experience and expertise and achieve the same goals of saving lives -- and the ecosystem, Cernak said.

"Modern medicine could prevent the extinction of endangered species. Wildlife disease is a major driver of the current mass extinction yet therapeutic intervention in nonhuman species remains poorly understood," he said. "In zoos, botanical gardens and animal rehabilitation centers, many diseases are treatable, but the understanding of medicine for endangered species lags far behind our current understanding of human medicine."

At this moment, Cernak's lab is not only researching faster, safer pharmaceutical development for humans but also testing the Panamanian golden frogs afflicted with a fungus that threatens their existence.

Cernak supports the Centers for Disease Control and Prevention's concept of One Health, which recognizes the connection between the health of people, animals and the environment.

"We look at plants and animals the same," he said. "The concept of One Health Pharmacy -- plants, humans and animals -- is we treat any that are sick or in need."

Cernak's lab has advanced the use of artificial intelligence and other technology in speeding up the process of drug discovery. He said that only increases the opportunities to help animals and plants sooner than later.

"Streamlining drug and agrochemical discovery with automation and artificial intelligence is likely to usher in a future era of accelerated medicinal invention tailored to specific patient populations," Cernak and team wrote in their paper.

"While it may still be decades away, one can imagine a future where it is possible to feed a chatbot prompts like, 'Invent a single-dose antiviral for elephant endotheliotropic herpesvirus with optimal pharmacokinetic properties for Asian elephants.' Exciting applications of medicinal chemistry on threatened and endangered species are beginning to offer hope."

Cernak's co-authors include: Tesko Chaganti, a student at Canton High School, Canton, Michigan; Chun-Yi Tsai, a graduate student in U-M's Department of Chemistry; Yu-Pu Juang, a postdoctoral researcher in the Cernak Lab; and Mohamed Abdelalim, a visiting research investigator at U-M.
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Researchers develop an AI model to reduce uncertainty in evapotranspiration prediction | ScienceDaily
When scientists look at the Earth's available water for ecosystem services, they don't just look at precipitation. They must also account for water moving from the ground to the atmosphere, a process known as evapotranspiration (ET). ET includes evaporation from soil and open water pools such as lakes, rivers, and ponds, as well as transpiration from plant leaves. The difference between precipitation and ET indicates the water balance available for societal needs, including agricultural and industrial production. However, measuring ET is challenging. A new study from the University of Illinois Urbana-Champaign presents a computer model that uses artificial intelligence (AI) for ET prediction based on remote sensing estimates.


						
"Ground-based ET estimates capture the local fluxes of water transferred to the atmosphere but are limited in scale. In contrast, satellite data provide ET information on a global scale. Still, they are often incomplete due to clouds or sensor malfunction, and the satellite cycle over an area may require several days. We conducted this research to predict missing data and to generate daily continuous ET data that accounts for the dynamics of land use and atmospheric air movement," said lead author Jeongho Han, a doctoral student in the Department of Agricultural and Biological Engineering (ABE), part of the College of Agricultural, Consumer and Environmental Sciences and The Grainger College of Engineering at Illinois.

The researchers created the "Dynamic Land Cover Evapotranspiration Model Algorithm" (DyLEMa) based on decision-tree machine learning models. This algorithm is intended to predict missing spatial and temporal ET data using trained seasonal machine learning models. DyLEMa was evaluated to the scale of Illinois on a daily 30 x 30-meter grid for 20 years using data from NASA, the U.S. Geological Survey, and the National Oceanic and Atmospheric Administration.

"DyLEMa is much more detailed and complex than other models. It distinguishes between different land uses, including forest, urban, and agriculture, and different crops, such as corn and soybean. The model includes precipitation, temperature, humidity, solar radiation, vegetation stage, and soil properties. This allows us to capture the surface dynamics accurately and predict ET based on multiple variables. This is especially important for agricultural landscapes where crops change rapidly," said co-author Jorge Guzman, research assistant professor in ABE.

The researchers tested the model's accuracy by comparing its results with existing data. For validation over time, they used ground measurements from 2009 to 2016 at four sites in Illinois. Also, to test spatial accuracy, they created artificial scenarios where they inserted a synthetic cloud in a cloud-free image, then applied their algorithm and compared the results with the original data. Overall, DyLEMa reduced ET prediction uncertainty in cumulated ET estimates from an average of +30% (overpredicted) to around -7% (underpredicted) compared to existing measurements, indicating much greater accuracy.

The study is part of a larger project on soil erosion funded by the USDA National Institute of Food and Agriculture. Maria Chu, an associate professor in ABE, is the principal investigator on that project and co-author of the new paper.

"ET controls the soil moisture content and vice versa, which impacts surface processes such as runoff and erosion. Our next step is to integrate our data in a distributed hydrological model for better estimation of soil erosion," Chu said.

"One of the challenges with land management practices is that people may not see the benefit of implementing changes right away. But with this model, we can show that what you are doing now will have a long-term impact, for instance, 10 or 20 years from now and at locations far from your farm. This is the power of using data and computing capacity for engaging communities and informing policy measures," Chu added.

The researchers worked with the National Center for Supercomputing Applications (NCSA) and the Illinois Campus Cluster Program (ICCP) to process data and train models. They plan to make their data, including output for 20 years in Illinois, available for other researchers.
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Webb captures top of iconic horsehead nebula in unprecedented detail | ScienceDaily
NASA's James Webb Space Telescope has captured the sharpest infrared images to date of a zoomed-in portion of one of the most distinctive objects in our skies, the Horsehead Nebula. These observations show the top of the "horse's mane" or edge of this iconic nebula in a whole new light, capturing the region's complexity with unprecedented spatial resolution.


						
Webb's new images show part of the sky in the constellation Orion (The Hunter), in the western side of a dense region known as the Orion B molecular cloud. Rising from turbulent waves of dust and gas is the Horsehead Nebula, otherwise known as Barnard 33, which resides roughly 1,300 light-years away.

The nebula formed from a collapsing interstellar cloud of material, and glows because it is illuminated by a nearby hot star. The gas clouds surrounding the Horsehead have already dissipated, but the jutting pillar is made of thick clumps of material and therefore is harder to erode. Astronomers estimate that the Horsehead has about five million years left before it too disintegrates. Webb's new view focuses on the illuminated edge of the top of the nebula's distinctive dust and gas structure.

The Horsehead Nebula is a well-known photodissociation region, or PDR. In such a region, ultraviolet (UV) light from young, massive stars creates a mostly neutral, warm area of gas and dust between the fully ionized gas surrounding the massive stars and the clouds in which they are born. This UV radiation strongly influences the chemistry of these regions and acts as a significant source of heat.

These regions occur where interstellar gas is dense enough to remain mostly neutral, but not dense enough to prevent the penetration of UV light from massive stars. The light emitted from such PDRs provides a unique tool to study the physical and chemical processes that drive the evolution of interstellar matter in our galaxy, and throughout the universe from the early era of vigorous star formation to the present day.

Due to its proximity and its nearly edge-on geometry, the Horsehead Nebula is an ideal target for astronomers to study the physical structures of PDRs and the molecular evolution of the gas and dust within their respective environments, and the transition regions between them. It is considered one of the best regions in the sky to study how radiation interacts with interstellar matter.

Thanks to Webb's MIRI and NIRCam instruments, an international team of astronomers has revealed for the first time the small-scale structures of the illuminated edge of the Horsehead. As UV light evaporates the dust cloud, dust particles are swept out away from the cloud, carried with the heated gas. Webb has detected a network of thin features tracing this movement. The observations have also allowed astronomers to investigate how the dust blocks and emits light, and to better understand the multidimensional shape of the nebula.

Next, astronomers intend to study the spectroscopic data that has been obtained to gain insights into the evolution of the physical and chemical properties of the material observed across the nebula.

These observations were taken in the Webb GTO program 1192, and the results were published today in Astronomy & Astrophysics.
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Scientists solve chemical mystery at the interface of biology and technology | ScienceDaily
Researchers who want to bridge the divide between biology and technology spend a lot of time thinking about translating between the two different "languages" of those realms.


						
"Our digital technology operates through a series of electronic on-off switches that control the flow of current and voltage," said Rajiv Giridharagopal, a research scientist at the University of Washington. "But our bodies operate on chemistry. In our brains, neurons propagate signals electrochemically, by moving ions -- charged atoms or molecules -- not electrons."

Implantable devices from pacemakers to glucose monitors rely on components that can speak both languages and bridge that gap. Among those components are OECTs -- or organic electrochemical transistors -- which allow current to flow in devices like implantable biosensors. But scientists long knew about a quirk of OECTs that no one could explain: When an OECT is switched on, there is a lag before current reaches the desired operational level. When switched off, there is no lag. Current drops almost immediately.

A UW-led study has solved this lagging mystery, and in the process paved the way to custom-tailored OECTs for a growing list of applications in biosensing, brain-inspired computation and beyond.

"How fast you can switch a transistor is important for almost any application," said project leader David Ginger, a UW professor of chemistry, chief scientist at the UW Clean Energy Institute and faculty member in the UW Molecular Engineering and Sciences Institute. "Scientists have recognized the unusual switching behavior of OECTs, but we never knew its cause -- until now."

In a paper published April 17 in Nature Materials, Ginger's team at the UW -- along with Professor Christine Luscombe at the Okinawa Institute of Science and Technology in Japan and Professor Chang-Zhi Li at Zhejiang University in China -- report that OECTs turn on via a two-step process, which causes the lag. But they appear to turn off through a simpler one-step process.

In principle, OECTs operate like transistors in electronics: When switched on, they allow the flow of electrical current. When switched off, they block it. But OECTs operate by coupling the flow of ions with the flow of electrons, which makes them interesting routes for interfacing with chemistry and biology.




The new study illuminates the two steps OECTs go through when switched on. First, a wavefront of ions races across the transistor. Then, more charge-bearing particles invade the transistor's flexible structure, causing it to swell slightly and bringing current up to operational levels. In contrast, the team discovered that deactivation is a one-step process: Levels of charged chemicals simply drop uniformly across the transistor, quickly interrupting the flow of current.

Knowing the lag's cause should help scientists design new generations of OECTs for a wider set of applications.

"There's always been this drive in technology development to make components faster, more reliable and more efficient," Ginger said. "Yet, the 'rules' for how OECTs behave haven't been well understood. A driving force in this work is to learn them and apply them to future research and development efforts."

Whether they reside within devices to measure blood glucose or brain activity, OECTs are largely made up of flexible, organic semiconducting polymers -- repeating units of complex, carbon-rich compounds -- and operate immersed in liquids containing salts and other chemicals. For this project, the team studied OECTs that change color in response to electrical charge. The polymer materials were synthesized by Luscombe's team at the Okinawa Institute of Science and Technology and Li's at Zhejiang University, and then fabricated into transistors by UW doctoral students Jiajie Guo and Shinya "Emerson" Chen, who are co-lead authors on the paper.

"A challenge in the materials design for OECTs lies in creating a substance that facilitates effective ion transport and retains electronic conductivity," said Luscombe, who is also a UW affiliate professor of chemistry and of materials science and engineering. "The ion transport requires a flexible material, whereas ensuring high electronic conductivity typically necessitates a more rigid structure, posing a dilemma in the development of such materials."

Guo and Chen observed under a microscope -- and recorded with a smartphone camera -- precisely what happens when the custom-built OECTs are switched on and off. It showed clearly that a two-step chemical process lies at the heart of the OECT activation lag.




Past research, including by Ginger's group at the UW, demonstrated that polymer structure, especially its flexibility, is important to how OECTs function. These devices operate in fluid-filled environments containing chemical salts and other biological compounds, which are more bulky compared to the electronic underpinnings of our digital devices.

The new study goes further by more directly linking OECT structure and performance. The team found that the degree of activation lag should vary based on what material the OECT is made of, such as whether its polymers are more ordered or more randomly arranged, according to Giridharagopal. Future research could explore how to reduce or lengthen the lag times, which for OECTs in the current study were fractions of a second.

"Depending on the type of device you're trying to build, you could tailor composition, fluid, salts, charge carriers and other parameters to suit your needs," said Giridharagopal.

OECTs aren't just used in biosensing. They are also used to study nerve impulses in muscles, as well as forms of computing to create artificial neural networks and understand how our brains store and retrieve information. These widely divergent applications necessitate building new generations of OECTs with specialized features, including ramp-up and ramp-down times, according to Ginger.

"Now that we're learning the steps needed to realize those applications, development can really accelerate," said Ginger.

Guo is now a postdoctoral researcher at the Lawrence Berkeley National Laboratory and Chen is now a scientist at Analog Devices. Other co-authors on the paper are Connor Bischak, a former UW postdoctoral researcher in chemistry who is now an assistant professor at the University of Utah; Jonathan Onorato, a UW doctoral alum and scientist at Exponent; and Kangrong Yan and Ziqui Shen of Zhejiang University. The research was funded by the U.S. National Science Foundation, and polymers developed at Zhejiang University were funded by the National Science Foundation of China.
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Methane emissions from landfill could be turned into sustainable jet fuel in plasma chemistry leap | ScienceDaily
In a world first, University of Sydney researchers have developed a chemical process using plasma that could create sustainable jet fuel from methane gas emitted from landfills, potentially creating a low-carbon aviation industry.


						
Methane is a far more potent greenhouse gas than carbon dioxide (CO2). According to the International Energy Agency, the concentration of methane in the atmosphere is currently around two-and-a-half times greater than pre-industrial levels and is increasing steadily, with waste emissions and the burning of fossil fuels accounting for a significant proportion.

The research was published in the Journal of the American Chemical Society.

Australia recently joined the international methane mitigation agreement with the United States, the European Union, Japan and the Republic of Korea.

Lead author, Professor PJ Cullen from the University of Sydney's School of Chemical and Biomolecular Engineering and Net Zero Initiative said: "Globally, landfills are a major emitter of greenhouse gases, mainly a mixture of CO2 and methane. We have developed a process that would take these gases and convert them into fuels, targeting sectors that are difficult to electrify, like aviation."

"Modern landfill facilities already capture, upgrade and combust their gas emissions for electricity generation, however, our process creates a much more environmentally impactful and commercially valuable product," he said.

Global landfill emissions are estimated at 10-20 million tonnes of greenhouse gases per year, a value comparable to the emissions of the global energy sector.




Aviation currently accounts for approximately three percent of the world's emissions. Creating a "closed loop" fuel based on existing emissions would eliminate the need for traditional and sustainable jet fuels, which add further emissions into the atmosphere.

How plasma makes the process work

The process would work by extracting methane from a landfill site, known as a methane well, which uses a shaft-like mechanism to extract gases.

"The beauty of this is that this simple process captures almost the exact composition that we need for our process," said Professor Cullen.

"Non-thermal plasma is an electricity-driven technology which can excite gas at both a low temperature and atmospheric pressure. Essentially, what this means is this approach facilitates the conversion of the gas into value-added products by inducing plasma discharge within forming gas bubbles. The process doesn't require heat or pressure, meaning it requires less energy, making it highly compatible with renewable energy power sources."

DISCLOSURE

Authors PJ Cullen, Emma Lovell and Tianqi Zhang are associated with PlasmaLeap Technologies, the supplier of the plasma technology employed to generate plasma bubbles in this study.

The authors acknowledge the MagRes node at Sydney Analytical Core Research Facility for access to the NMR infrastructure, Michelle Wood at Sydney Analytical for additional assistance in ATR-FTIR and Aditya Rawal at the University of New South Wales Mark Wainwright Analytical Centre for solid-state NMR measurements.
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Big data reveals true climate impact of worldwide air travel | ScienceDaily
For the first time ever, researchers have harnessed the power of big data to calculate the per-country greenhouse gas emissions from aviation for 197 countries covered by an international treaty on climate change.


						
When countries signed the 1992 United Nations Framework Convention on Climate Change treaty, high-income countries were required to report their aviation-related emissions. But 151 middle and lower income countries, including China and India, were not required to report these emissions, although they could do so voluntarily.

This matters because the United Nations Framework Convention on Climate Change relies on country reports of emissions during negotiations on country-specific emissions cuts.

"Our work fills the reporting gaps, so that this can inform policy and hopefully improve future negotiations," says Jan Klenner, a PhD candidate at NTNU's Industrial Ecology Programme and the first author of the new article, which was recently published in Environmental Research Letters.

The new data show that countries such as China, for example, which did not report its 2019 aviation-related emissions, was second only to the United States when it came to total aviation-related emissions.

"Now we have a much clearer picture of aviation emissions per country, including previously unreported emissions, which tells you something about how we can go about reducing them," said Helene Muri, a research professor at the Norwegian University of Science and Technology's Industrial Ecology Programme. Muri was one of Klenner's supervisors and a co-author of the paper.

Big surprises -- or not

As might be expected, the United States is at the top of the list of emitters when it comes to the total sum of aviation emissions for both international and domestic flights.




"When we looked at how emissions are distributed per capita, we could see that economic well-being leads to more aviation activity," Klenner said.

That analysis also showed that wealthy Norway, with just 5.5 million people, was third place overall, just behind the US and Australia, when domestic emissions were calculated on a per-capita basis.

Klenner tested the model he developed for this analysis by using data from Norway. He published a paper reporting those results in 2022.

You might think that Norway's geography -- a long, narrow country with lots of mountains and a sparsely populated northern area -- would be the culprit behind the numbers. But Klenner's 2022 analysis showed that fully 50 per cent of Norway's domestic flights were between the country's major cities, Oslo, Trondheim, Stavanger, Bergen and Tromso.

"The per person emissions in Norway were incredibly high," Muri, who also co-authored that paper, said. "With this data set we can confirm that from a Norwegian perspective we have a lot of work to do, because we are third in the world when it comes to emissions per person from domestic emissions."

A role for big data

Anders Hammer Stromman, a professor at NTNU's Industrial Ecology Programme and Klenner's co-supervisor, said one important aspect of the study is that it shows how big data can be used to help in regulating climate emissions. Stromman was also a co-author of the new paper.




"I think it very nicely illustrates the potential in this type of work, where we have previously relied on statistical offices and reporting loops that can take a year or more to get this kind of information," he said. "This model allows us to do instant emissions modeling -- we can calculate the emissions from global aviation as it happens."

The model, called AviTeam, is the first to provide information for the 45 lesser-developed countries that have never inventoried their greenhouse gas emissions from aviation. Stromman says the model provides these countries with information that might be otherwise difficult or impossible for them to collect.

The abillity to calculate nearly real-time aviation emissions could also provide an important tool as the industry makes changes to de-carbonize.

"In the transition where we're talking about the introduction of new fuels and new technologies, this type of big data allows us to identify those types of corridors or operations where it makes sense to test those strategies first," Stromman said.
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Under examination: Buckling -- when structures suddenly collapse | ScienceDaily
A University of Houston engineer has designed a model to guide better design of thin-walled structures, like planes, cars and submersibles, to avoid catastrophe like sudden collapse, from buckling.


						
Last summer when the Titan submersible suffered a catastrophic implosion on its way to take passengers to see the Titanic shipwreck it was a dramatic example of the failure of a thin-walled structure. Those structures, which may be in the shapes of spherical or cylindrical shells, can efficiently carry relatively large loads, but their slenderness makes them susceptible to buckling-induced collapse.

The submersible is not the only thin-walled structure you may interact with. Whenever you step into a car or hop aboard a plane, you are entering one. They all looked perfectly formed on the drawing board, but when manufactured, they don't all come out quite so perfectly and can contain geometric imperfections. The structures will buckle at much smaller forces because of these imperfections than they would if they were perfectly shaped.

Until now it's been impossible to accurately predict the detrimental effects of geometric imperfections, but Roberto Ballarini, Thomas and Laura Hsu Professor and department chair of Civil and Environmental Engineering, is changing that. He is reporting in the Proceedings of the National Academy of Sciences (PNAS) a theoretical equation, based on the results of computer simulations, that predicts the average buckling strength of a shell based on the parameters that describe the imperfections.

Of course, advanced math is involved.

"We derived equations that allow us to predict the resistance to buckling of structures in terms of the parameters that are involved including the shapes and distribution of their imperfections," reports Ballarini. "Given the parameters that describe the imperfections, the equations we constructed using the results of the simulations "spit out" the average buckling resistance of the structures."

Ballarini coauthored the PNAS paper with doctoral student Zheren Baizhikova and Jia-Liang Le, a professor at the University of Minnesota.




"Localized deformation and randomly shaped imperfections are salient features of buckling type instabilities in thin-walled load-bearing structures. However, it is generally agreed that their complex interactions in response to mechanical loading are not yet sufficiently understood, as evidenced by buckling-induced catastrophic failures which continue today," the authors wrote.

Ballarini added, "One must not forget that a structure's resistance to buckling failure is also affected by the strength and stiffness of the material from which it is made."

Consider for example the tragic failure of the Titan submersible.

"Its integrity may have been compromised by the damage to the material used for its hull that accumulated during the many trips it took prior to collapse. The material used for the Titan's hull was a carbon fiber composite. It is well known that under compression, loading the fibers in such composites are susceptible to micro-buckling and that they may delaminate from the matrix that surrounds them. If the Titan's hull experienced such damage under the extreme compressive pressures it experienced during its dives, then its stiffness and strength would have significantly decreased, and together with the inevitable geometric imperfections introduced during its manufacturing, may have contributed to its buckling-induced implosion," Ballarini said. For a given shell, buckling initiates where the geometric imperfection is most severe, and since the spatial distribution of geometric imperfections is random, so is the location of the initial buckling zone.

"This randomness has profound implications for the statistics of the critical buckling pressure of the shell," said Ballarini, whose computer simulations and theoretical analysis allowed the research team to craft a probabilistic model for the statistical distribution of buckling resistance that offers promise for creating lightweight and sustainable structures while ensuring their structural reliability without unnecessary over-design.
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Machine listening: Making speech recognition systems more inclusive | ScienceDaily
Interactions with voice technology, such as Amazon's Alexa, Apple's Siri, and Google Assistant, can make life easier by increasing efficiency and productivity. However, errors in generating and understanding speech during interactions are common. When using these devices, speakers often style-shift their speech from their normal patterns into a louder and slower register, called technology-directed speech.


						
Research on technology-directed speech typically focuses on mainstream varieties of U.S. English without considering speaker groups that are more consistently misunderstood by technology. In JASA Express Letters, published on behalf of the Acoustical Society of America by AIP Publishing, researchers from Google Research, the University of California, Davis, and Stanford University wanted to address this gap.

One group commonly misunderstood by voice technology are individuals who speak African American English, or AAE. Since the rate of automatic speech recognition errors can be higher for AAE speakers, downstream effects of linguistic discrimination in technology may result.

"Across all automatic speech recognition systems, four out of every ten words spoken by Black men were being transcribed incorrectly," said co-author Zion Mengesha. "This affects fairness for African American English speakers in every institution using voice technology, including health care and employment."

"We saw an opportunity to better understand this problem by talking to Black users and understanding their emotional, behavioral, and linguistic responses when engaging with voice technology," said co-author Courtney Heldreth.

The team designed an experiment to test how AAE speakers adapt their speech when imagining talking to a voice assistant, compared to talking to a friend, family member, or stranger. The study tested familiar human, unfamiliar human, and voice assistant-directed speech conditions by comparing speech rate and pitch variation. Study participants included 19 adults identifying as Black or African American who had experienced issues with voice technology. Each participant asked a series of questions to a voice assistant. The same questions were repeated as if speaking to a familiar person and, again, to a stranger. Each question was recorded for a total of 153 recordings.

Analysis of the recordings showed that the speakers exhibited two consistent adjustments when they were talking to voice technology compared to talking to another person: a slower rate of speech with less pitch variation (more monotone speech).

"These findings suggest that people have mental models of how to talk to technology," said co-author Michelle Cohn. "A set 'mode' that they engage to be better understood, in light of disparities in speech recognition systems."

There are other groups misunderstood by voice technology, such as second-language speakers. The researchers hope to expand the language varieties explored in human-computer interaction experiments and address barriers in technology so that it can support everyone who wants to use it.
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Biodegradable 'living plastic' houses bacterial spores that help it break down | ScienceDaily
A new type of bioplastic could help reduce the plastic industry's environmental footprint. Researchers led by the University of California San Diego have developed a biodegradable form of thermoplastic polyurethane (TPU), a soft yet durable commercial plastic used in footwear, floor mats, cushions and memory foam. It is filled with bacterial spores that, when exposed to nutrients present in compost, germinate and break down the material at the end of its life cycle.


						
The work is detailed in a paper published on April 30 in Nature Communications.

The biodegradable TPU was made with bacterial spores from a strain of Bacillus subtilis that has the ability to break down plastic polymer materials.

"It's an inherent property of these bacteria," said study co-senior author Jon Pokorski, a nanoengineering professor at the UC San Diego Jacobs School of Engineering and co-lead of the university's Materials Research Science and Engineering Center (MRSEC). "We took a few strains and evaluated their ability to use TPUs as a sole carbon source, then picked the one that grew the best."

The researchers used bacterial spores, a dormant form of bacteria, due to their resistance to harsh environmental conditions. Unlike fungal spores, which serve a reproductive role, bacterial spores have a protective protein shield that enables bacteria to survive while in a vegetative state.

To make the biodegradable plastic, the researchers fed Bacillus subtilis spores and TPU pellets into a plastic extruder. The ingredients were mixed and melted at 135 degrees Celsius, then extruded as thin strips of plastic.

To assess the material's biodegradability, the strips were placed in both microbially active and sterile compost environments. The compost setups were maintained at 37 degrees Celsius with a relative humidity ranging from 44 to 55%. Water and other nutrients in the compost triggered germination of the spores within the plastic strips, which reached 90% degradation within five months.




"What's remarkable is that our material breaks down even without the presence of additional microbes," said Pokorski. "Chances are, most of these plastics will likely not end up in microbially rich composting facilities. So this ability to self-degrade in a microbe-free environment makes our technology more versatile."

Although the researchers still need to study what gets left behind after the material degrades, they note that any lingering bacterial spores are likely harmless. Bacillus subtilis is a strain used in probiotics and is generally regarded as safe to humans and animals -- it can even be beneficial to plant health.

In this study, the bacterial spores were evolutionary engineered to survive the high temperatures necessary for TPU production. The researchers used a technique called adaptive laboratory evolution to create a strain that is resilient to extrusion temperatures. The process involves growing the spores, subjecting them to extreme temperatures for escalating periods of time, and allowing them to naturally mutate. The strains that survive this process are then isolated and put through the cycle again.

"We continually evolved the cells over and over again until we arrived at a strain that is optimized to tolerate the heat," said study co-senior author Adam Feist, a bioengineering research scientist at the UC San Diego Jacobs School of Engineering. "It's amazing how well this process of bacterial evolution and selection worked for this purpose."

The spores also serve as a strengthening filler, similar to how rebar reinforces concrete. The result is a TPU variant with enhanced mechanical properties, requiring more force to break and exhibiting greater stretchability.

"Both of these properties are greatly improved just by adding the spores," said Pokorski. "This is great because the addition of spores pushes the mechanical properties beyond known limitations where there was previously a trade off between tensile strength and stretchability."

While the current study focused on producing smaller lab-scale quantities to understand feasibility, the researchers are working on optimizing the approach for use at an industrial scale. Ongoing efforts include scaling up production to kilogram quantities, evolving the bacteria to break down plastic materials faster, and exploring other types of plastics beyond TPU.

"There are many different kinds of commercial plastics that end up in the environment -- TPU is just one of them," said Feist. "One of our next steps is to broaden the scope of biodegradable materials we can make with this technology."

This work was supported by the U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy and Advanced Manufacturing Office (DE-EE0009296), UC San Diego Materials Research Science and Engineering Center (MRSEC) and the National Science Foundation (DMR-2011924).
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NASA's Webb maps weather on planet 280 light-years away | ScienceDaily
An international team of researchers has successfully used NASA's James Webb Space Telescope to map the weather on the hot gas-giant exoplanet WASP-43 b.


						
Precise brightness measurements over a broad spectrum of mid-infrared light, combined with 3D climate models and previous observations from other telescopes, suggest the presence of thick, high clouds covering the nightside, clear skies on the dayside, and equatorial winds upwards of 5,000 miles per hour mixing atmospheric gases around the planet.

The investigation is just the latest demonstration of the exoplanet science now possible with Webb's extraordinary ability to measure temperature variations and detect atmospheric gases trillions of miles away.

Tidally Locked "Hot Jupiter"

WASP-43 b is a "hot Jupiter" type of exoplanet: similar in size to Jupiter, made primarily of hydrogen and helium, and much hotter than any of the giant planets in our own solar system. Although its star is smaller and cooler than the Sun, WASP-43 b orbits at a distance of just 1.3 million miles -- less than 1/25th the distance between Mercury and the Sun.

With such a tight orbit, the planet is tidally locked, with one side continuously illuminated and the other in permanent darkness. Although the nightside never receives any direct radiation from the star, strong eastward winds transport heat around from the dayside.

Since its discovery in 2011, WASP-43 b has been observed with numerous telescopes, including NASA's Hubble and now-retired Spitzer space telescopes.




"With Hubble, we could clearly see that there is water vapor on the dayside. Both Hubble and Spitzer suggested there might be clouds on the nightside," explained Taylor Bell, researcher from the Bay Area Environmental Research Institute and lead author of a study published today in Nature Astronomy. "But we needed more precise measurements from Webb to really begin mapping the temperature, cloud cover, winds, and more detailed atmospheric composition all the way around the planet."

Mapping Temperature and Inferring Weather

Although WASP-43 b is too small, dim, and close to its star for a telescope to see directly, its short orbital period of just 19.5 hours makes it ideal for phase curve spectroscopy, a technique that involves measuring tiny changes in brightness of the star-planet system as the planet orbits the star.

Since the amount of mid-infrared light given off by an object depends largely on how hot it is, the brightness data captured by Webb can then be used to calculate the planet's temperature.

The team used Webb's MIRI (Mid-Infrared Instrument) to measure light from the WASP-43 system every 10 seconds for more than 24 hours. "By observing over an entire orbit, we were able to calculate the temperature of different sides of the planet as they rotate into view," explained Bell. "From that, we could construct a rough map of temperature across the planet."

The measurements show that the dayside has an average temperature of nearly 2,300 degrees Fahrenheit (1,250 degrees Celsius) -- hot enough to forge iron. Meanwhile, the nightside is significantly cooler at 1,100 degrees Fahrenheit (600 degrees Celsius). The data also helps locate the hottest spot on the planet (the "hotspot"), which is shifted slightly eastward from the point that receives the most stellar radiation, where the star is highest in the planet's sky. This shift occurs because of supersonic winds, which move heated air eastward.




"The fact that we can map temperature in this way is a real testament to Webb's sensitivity and stability," said Michael Roman, a co-author from the University of Leicester in the U.K.

To interpret the map, the team used complex 3D atmospheric models like those used to understand weather and climate on Earth. The analysis shows that the nightside is probably covered in a thick, high layer of clouds that prevent some of the infrared light from escaping to space. As a result, the nightside -- while very hot -- looks dimmer and cooler than it would if there were no clouds.

Missing Methane and High Winds

The broad spectrum of mid-infrared light captured by Webb also made it possible to measure the amount of water vapor (H2O) and methane (CH4) around the planet. "Webb has given us an opportunity to figure out exactly which molecules we're seeing and put some limits on the abundances," said Joanna Barstow, a co-author from the Open University in the U.K.

The spectra show clear signs of water vapor on the nightside as well as the dayside of the planet, providing additional information about how thick the clouds are and how high they extend in the atmosphere.

Surprisingly, the data also shows a distinct lack of methane anywhere in the atmosphere. Although the dayside is too hot for methane to exist (most of the carbon should be in the form of carbon monoxide), methane should be stable and detectable on the cooler nightside.

"The fact that we don't see methane tells us that WASP-43b must have wind speeds reaching something like 5,000 miles per hour," explained Barstow. "If winds move gas around from the dayside to the nightside and back again fast enough, there isn't enough time for the expected chemical reactions to produce detectable amounts of methane on the nightside."

The team thinks that because of this wind-driven mixing, the atmospheric chemistry is the same all the way around the planet, which wasn't apparent from past work with Hubble and Spitzer.

The MIRI observation of WASP-43 b was conducted as part of the Webb Early Release Science programs, which are providing researchers with a vast set of robust, open-access data for studying a wide array of cosmic phenomena.
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Innovation promises to prevent power pole-top fires | ScienceDaily
Engineers in Australia have found a new way to make power-pole insulators resistant to fire and electrical sparking, promising to prevent dangerous pole-top fires and reduce blackouts.


						
Pole-top fires pose significant challenges to power providers and communities worldwide. In March, pole-top fires cut power from 40,000 homes and businesses in Perth.

The 2020 Royal Commission into National Natural Disaster Arrangements found that power outages experienced by 280,000 customers from various energy providers during Black Summer fires were mainly triggered by events involving insulators and poles.

RMIT University Vice-Chancellor's Postdoctoral Fellow Dr Tariq Nazir said these fires can occur when consecutive hot, dry and windy days are followed by damp and misty conditions.

"Dust and pollution builds up on power-line insulators, which enables electricity to spark and heat metal fixtures that can cause wooden power poles to catch fire," he said.

In collaboration with researchers at the University of New South Wales, Nazir has improved the performance and safety of insulation materials for power poles at the lab scale. Their results and analysis are published in the high-impact international journal Advanced Composites and Hybrid Materials.

"Power utilities wash insulators on overhead power lines as a vital maintenance procedure to prevent problems like contamination and electrical sparking, which can cause pole-top fires and power outages," said Nazir from RMIT's School of Engineering.




"Our proposed silicone rubber composite material offers a potential solution that could save power companies time, maintenance resources and ultimately money from prevent damage to their assets."

The composite material comprises chopped fiberglass, aluminium hydroxide and a type of clay derived from volcanic ash as additives.

"Our innovation could serve as a protective coating or paint for ceramic and glass insulators, providing extra defence against environmental factors such as moisture, pollution and fire," Nazir said.

"We are keen to engage with fire-retardant coating manufacturers, electrical utilities, electrical insulation designers, manufacturers of electrical insulation products and regulatory agencies to further develop and prototype this work."

How is this innovation different?

Nazir said their research's novelty was in exploring the flame retardancy of insulator materials.




"Others are working mainly in electrical discharge resistance of material," he said.

"I am trying to achieve both sides, whilst maintaining the required electrical insulation level of composites."

Next steps

With the help of prospective partners, the team will aim to transition to larger-scale production processes for commercial applications and conduct more comprehensive durability testing under simulated outdoor conditions.

"Application-specific testing will assess suitability for various scenarios, and integration with existing systems will be explored," Nazir said.

Nazir and his colleagues are behind another fire-protection innovation co-developed with the company Flame Security International -- a fire-retardant paint that is already commercially available in Australia.
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A virus could help save billions of gallons of wastewater produced by fracking | ScienceDaily
An estimated 168 billion gallons of wastewater -- or produced water -- is generated annually by the Permian Basin fracking industry, according to a 2022 report by the Texas Produced Water Consortium. The major waste stream has proved both difficult and costly to treat because of the chemical complexity of the water.


						
In a new study published in the journal Water, researchers at The University of Texas at El Paso have identified a novel means of treating the wastewater generated by oil and gas production: bacteriophages.

Ramon Antonio Sanchez, a doctoral candidate within UTEP's chemistry program, is the first author on the publication, detailing how bacteriophages, viruses that are often highly specific and lethal to a single species of bacteria, can be used as a rapid and cost-effective method to treat produced water on an industrial scale.

Sanchez said if the work is successful, it would give the oil and gas industry a means of treating, reusing and recycling produced water, rather than the current industry practice of disposing the majority of produced water by injecting it into the ground post oil exploration.

The research focuses on two of the most prominent bacteria found within produced water across the oil and gas industry -- Pseudomonas aeruginosa and Bacillus megaterium. P. aeruginosa has the ability to corrode stainless steel and presents a challenge for the longevity of pipelines and other metal-based infrastructure, while B. megaterium, can decompose hydrocarbons -- the basis for oil.

Sanchez, along with one of his collaborators, Zacariah Hildenbrand, Ph.D., a UTEP alum, were inspired to use bacteriophages based on their applications in the medical industry, where they are used to combat infections caused by multi-drug resistant bacteria.

"Since the bacteria are living organisms, over time they developed a resistance, in the form of a less penetrable membrane, to traditional disinfectants," Sanchez explained. "But the bacteriophages, which are viruses themselves, attach to specific receptors on the surface of the host cell and evolve alongside the bacteria they are trying to infect, meaning that any resistance acquired by the bacteria triggers the modification of bacteriophages to keep the infection going."

The team's experiments with bacteriophages have been effective, achieving the inactivation of both P. aeruginosa and B. megaterium in laboratory settings. For Sanchez, who graduates this spring with his Ph.D., the work will continue in the industry where his focus will be on replicating his laboratory results out in the field. He will also try to expand the number of microorganisms that can be treated in produced water by securing a larger catalog of bacteriophages.

The team admits the approach does have its challenges. There are currently a limited amount of commercially available Bacteriophages, which is critical since bacteriophages are often highly specific to a single species of bacteria. There are also other species of bacteria in produced water that remain to be tested.
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Discovery of mechanism plants use to change seed oil could impact industrial, food oils | ScienceDaily
Researchers have discovered a new mechanism of oil biosynthesis and found a way to genetically engineer a type of test plant to more efficiently produce different kinds of seed oil that it otherwise wouldn't make.


						
While the engineering is proof-of-concept, this discovery could lead to improved production of valuable oils used in food and by a range of industries. The study, led by Washington State University researchers, was published in the journal Nature Communications.

"Scientists have been working on producing novel seed oil compositions for decades, but most of the time you only get small amounts of the desired oil," said Phil Bates, a WSU professor and lead author on the study.

Bates and his co-authors found that Physaria fendleri, a plant related to canola, can naturally change the fatty acid composition in its seed oil after it is already made, something nobody knew any plant could do. They discovered the genetic mechanism Physaria uses to makes those changes, then genetically engineered a related plant called Arabidopsis to make the same fatty acid changes.

The modified Arabidopsis overcame metabolic bottlenecks and produced significant amounts of an oil similar to castor oil that it doesn't naturally produce.

Plant oils are used in food, pharmaceutical, cosmetic, industrial, chemical and biofuel industries. Plant oils' value stems from its fatty acid composition. Around 90% of oil is valuable for industrial uses in crops like castor beans, Bates said. But if the desirable oil-making genes are transferred into another plant, only small amounts of the oil produced is usable by industry. The newly discovered mechanism of oil biosynthesis shows a way to bump that production back up.

"We've always thought that when plants accumulate oil during seed development, that's the end product," said Bates, a faculty member in WSU's Institute of Biological Chemistry. "But we found that Physaria, after making oil, removes some of the fatty acids within the oil and replaces that with others."

Those oils could replace the reliance of growing dangerous crops, like castor. Castor plants are banned in the U.S. because they also produce ricin, a dangerous poison. Castor oil is valuable in industrial lubricants, but expensive because only a few nations can grow the plants, either legally or environmentally.




"We can use this new biosynthetic process as a tool to change oil composition," Bates said. "We're at the starting point of putting this into crop plants. We want to eventually produce healthy fatty acids beyond industrial uses."

Bates and his colleagues are also looking at other plants to see if they do similar remodeling of oils after production.

"We haven't identified any others yet, but we've never looked before," Bates said. "This is a new discovery that nobody knew plants could do. We want to see if common crop plants, like canola, can do this remodeling as well."

Other potential uses for this process include food for people and biofuels, especially aviation fuel.

The project was a collaboration between Bates lab and the Smertenko lab both in the Institute of Biological Chemistry at WSU as well as two labs from the U.S. Department of Agriculture.

Funding for work on this paper came from the USDA National Institute of Food and Agriculture, National Science Foundation and the U. S. Department of Energy.
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New technology makes 3D microscopes easier to use, less expensive to manufacture | ScienceDaily
Researchers in Purdue University's College of Engineering are developing patented and patent-pending innovations that make 3D microscopes faster to operate and less expensive to manufacture.


						
Traditional, large depth-of-field 3D microscopes are used across academia and industry, with applications ranging from the life sciences to quality control processes used in semiconductor manufacturing. Song Zhang, professor in Purdue's School of Mechanical Engineering, said they are too slow to capture 3D images and too expensive to build due to the requirement of a high-precision translation stage.

"Such drawbacks in a microscope slow the measurement process, making it difficult to use for applications that require high speeds, such as in situ quality control," Zhang said.

Research about the Purdue 3D microscope and its innovations has been published in the peer-reviewed Optics Letters and the August 2023 and March 2024 issues of the peer-reviewed Optics and Lasers in Engineering. The National Science Foundation awarded a grant to conduct the research.

The Purdue innovation

Zhang said the Purdue 3D microscope automatically completes three steps: focusing in on an object, determining the optimal capture process and creating a high-quality 3D image for the end user.

"In contrast, a traditional microscope requires users to carefully follow instructions provided by the manufacturer to perform a high-quality capture," Zhang said.




Zhang and his colleagues use an electronically tunable lens, or ETL, that changes the focal plane of the imaging system without moving parts. He said using the lens makes the 3D microscope easier to use and less expensive to build.

"Our suite of patents covers methods on how to calibrate the ETL, how to create all-in-focus 3D images quickly and how to speed up the data acquisition process by leveraging the ETL hardware information," Zhang said. "The end result is the same as a traditional microscope: 3D surface images of a scene. Ours is different because of its high speed and relatively low cost."

The next developmental steps

Zhang and his team have developed algorithms and created a prototype system in their lab. They are looking to translate their research into a commercial product.

"This will require an industrial partner," Zhang said. "We are certainly interested in helping this process, including sharing our know-how and research results to make the transition smooth."

Zhang disclosed the innovations to the Purdue Innovates Office of Technology Commercialization, which has applied for and received patents to protect the multiple pieces of intellectual property.
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Trotting robots reveal emergence of animal gait transitions | ScienceDaily
With the help of a form of machine learning called deep reinforcement learning (DRL), the EPFL robot notably learned to transition from trotting to pronking -- a leaping, arch-backed gait used by animals like springbok and gazelles -- to navigate a challenging terrain with gaps ranging from 14-30cm. The study, led by the BioRobotics Laboratory in EPFL's School of Engineering, offers new insights into why and how such gait transitions occur in animals.


						
"Previous research has introduced energy efficiency and musculoskeletal injury avoidance as the two main explanations for gait transitions. More recently, biologists have argued that stability on flat terrain could be more important. But animal and robotic experiments have shown that these hypotheses are not always valid, especially on uneven ground," says PhD student Milad Shafiee, first author on a paper published in Nature Communications.

Shafiee and co-authors Guillaume Bellegarda and BioRobotics Lab head Auke Ijspeert were therefore interested in a new hypothesis for why gait transitions occur: viability, or fall avoidance. To test this hypothesis, they used DRL to train a quadruped robot to cross various terrains. On flat terrain, they found that different gaits showed different levels of robustness against random pushes, and that the robot switched from a walk to a trot to maintain viability, just as quadruped animals do when they accelerate. And when confronted with successive gaps in the experimental surface, the robot spontaneously switched from trotting to pronking to avoid falls. Moreover, viability was the only factor that was improved by such gait transitions.

"We showed that on flat terrain and challenging discrete terrain, viability leads to the emergence of gait transitions, but that energy efficiency is not necessarily improved," Shafiee explains. "It seems that energy efficiency, which was previously thought to be a driver of such transitions, may be more of a consequence. When an animal is navigating challenging terrain, it's likely that its first priority is not falling, followed by energy efficiency."

A bio-inspired learning architecture

To model locomotion control in their robot, the researchers considered the three interacting elements that drive animal movement: the brain, the spinal cord, and sensory feedback from the body. They used DRL to train a neural network to imitate the spinal cord's transmission of brain signals to the body as the robot crossed an experimental terrain. Then, the team assigned different weights to three possible learning goals: energy efficiency, force reduction, and viability. A series of computer simulations revealed that of these three goals, viability was the only one that prompted the robot to automatically -- without instruction from the scientists -- change its gait.

The team emphasizes that these observations represent the first learning-based locomotion framework in which gait transitions emerge spontaneously during the learning process, as well as the most dynamic crossing of such large consecutive gaps for a quadrupedal robot.

"Our bio-inspired learning architecture demonstrated state-of-the-art quadruped robot agility on the challenging terrain," Shafiee says.

The researchers aim to expand on their work with additional experiments that place different types of robots in a wider variety of challenging environments. In addition to further elucidating animal locomotion, they hope that ultimately, their work will enable the more widespread use of robots for biological research, reducing reliance on animal models and the associated ethics concerns.
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E-bike incentives prove to be worth the investment | ScienceDaily
Electric bicycle rebates have exploded in popularity in North America as transportation planners try to get people out of their cars and into healthier, more climate-friendly alternatives. However, there is limited understanding of the full impacts of these incentives.


						
Are new cycling habits sustainable? Who benefits most from these incentives? And are they worth the cost?

Researchers at UBC's Research on Active Transportation (REACT) Lab have some answers. They surveyed participants in an e-bike incentive program offered by the District of Saanich, B.C. and found that most new e-bike users continued to regularly use their bikes as a substitute for car travel, even a year after purchase. Low-income households reduced their car trips and decreased carbon emissions the most. And incentives are a cost-effective way of reducing carbon emissions.

Reduced car travel

The Saanich program, available in 2021 and 2022, offered three different rebates to offset the cost of new e-bikes, depending on one's income. The basic rebate amounted to $350, while the lowest-income households could receive up to $1,600.

Results showed a significant surge in e-bike adoption, with 93 per cent of users being new to e-bikes, and 60 per cent new to cycling altogether.

One year after purchase, users continued to be satisfied with their e-bikes, integrating them into their routines for three to four days a week. They reduced weekly car travel by an average of 48 kilometres per week, a reduction of 30-40 per cent.




"The incentive not only encouraged people to switch to e-bikes, it also resulted in remarkable changes in travel behaviour that persisted long after the purchase," said Dr. Alex Bigazzi, principal investigator and associate professor of civil engineering at UBC who leads REACT.

The incentives had the greatest impact on lower-income groups. Among those who received the $1,600 incentive, eight out of 10 would not have purchased an e-bike without it, compared to just two out of 10 who received the $350 incentive.

Lower carbon emissions

With less driving, users reduced their travel-related greenhouse gas (GHG) emissions by an average of 16 kilograms of CO2 per week, one year after buying their e-bikes. Notably, those who received the biggest incentives reduced car use and carbon emissions the most.

"The larger incentives aimed at lower-income families did a great job getting new riders in the saddle and gave them a lower-cost alternative to using their cars," Dr. Bigazzi said.

More cost-effective than EV rebates

A common criticism of e-bike incentives is their high cost relative to their climate benefits, but the Saanich program was competitive with other transportation subsidies in Canada at a cost of approximately $190 to $720 per tonne of GHG emissions.

"This suggests that e-bike incentives are more cost-effective in reducing emissions compared to electric car incentives, and that's without including a range of cycling-related benefits such as increased physical activity, reduced local air pollutants and decreased travel costs," Dr. Bigazzi said.

The REACT Lab has partnered with the Province of B.C. and other researchers to study the provincewide e-bike incentive program. The broader scope will allow researchers to look at factors including variations in climate and terrain and the availability of safe cycling routes, to better understand their influences.
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Research on RNA editing illuminates possible lifesaving treatments for genetic diseases | ScienceDaily
A team at Montana State University published research that shows how RNA, the close chemical cousin to DNA, can be edited using CRISPRs. The work reveals a new process in human cells that has potential for treating a wide variety of genetic diseases.


						
Postdoctoral researchers Artem Nemudryi and Anna Nemudraia conducted the research alongside Blake Wiedenheft, professor in the Department of Microbiology and Cell Biology in MSU's College of Agriculture. The paper, titled "Repair of CRISPR-guided RNA breaks enables site-specific RNA excision in human cells," was published online in the journal Science and constitutes the latest advance in the team's ongoing exploration of CRISPR applications for programmable genetic engineering.

CRISPR, which stands for Clustered Regularly Interspaced Short Palindromic Repeats, is a type of immune system that bacteria use to recognize and fight off viruses. Wiedenheft, one of the nation's leading CRISPR researchers, said that the system has been used for years to cut and edit DNA, but that applying similar technology to RNA is unprecedented. DNA editing uses a CRISPR-associated protein called Cas9, while editing RNA requires the use of a different CRISPR system, called type-III.

"In our previous work, we used type-III CRISPRs to edit viral RNA in a test tube," said Nemudryi. "But we wondered, can we program manipulation of RNA in a living human cell?"

To explore that question, the team programmed type-III CRISPR proteins to cut RNA containing a mutation that causes cystic fibrosis, restoring cell function.

"We were confident that we could use these CRISPR systems to cut RNA in a programmable manner, but we were all surprised when we sequenced the RNA and realized that the cell had stitched the RNA back together in a way that removed the mutation," said Wiedenheft.

Nemudryi noted that RNA is transient within the cell; it is constantly being destroyed and replaced.




"The general belief is that there's not much point in repairing RNA," he said. "We speculated that RNA would be repaired in living human cells, and it turned out to be true."

Wiedenheft has mentored the two postdoctoral researchers since their arrival at MSU nearly six years ago, and said that the impact of their scientific contributions will lead to significant and continued advancements.

"The work done by Artem and Anna suggests that RNA repair might be a fundamental aspect of biology and that harnessing this activity may lead to new lifesaving cures," said Wiedenheft. "Artem and Anna are two of the most brilliant scientists I have ever encountered, and I'm confident that their work is going to have a lasting impact on humanity."

RNA editing has important applications in the search for treatments of genetic diseases, Nemudryi said. RNA is a temporary copy of a cell's DNA, which serves as a template. Manipulating the template by editing DNA could cause unwanted and potentially irreversible collateral changes, but because RNA is a temporary copy, he said, edits made are essentially reversible and carry far less risk.

"People used Cas9 to break DNA and study how cells repair these breaks. Then, based on these patterns, they improved Cas9 editors," said Nemudraia. "Here, we hope the same will happen with RNA editing. We created a tool that allows us to study how the cells repair their RNA, and we hope to use this knowledge to make RNA editors more efficient."

In the new publication, the team shows that a mutation causing cystic fibrosis can be successfully removed from the RNA. But this is only one of thousands of known mutations that cause disease. The question of how many of them could be addressed with this new RNA editing technology will guide future work for Nemudryi and Nemudraia as they finish their postdoctoral training at MSU and prepare for faculty positions at the University of Florida this fall. Both credited Wiedenheft as a life-changing mentor.

"Blake taught us not to be afraid of testing any ideas," said Nemudraia. "As a scientist, you should be brave and not be afraid to fail. RNA editing and repair is the terra incognita. It's scary but also exciting. You feel you're working on the edge of science, pushing the limits to where nobody has been before."
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Scientists harness the wind as a tool to move objects | ScienceDaily
Researchers have developed a technique to move objects around with a jet of wind. The new approach makes it possible to manipulate objects at a distance and could be integrated into robots to give machines ethereal fingers.


						
'Airflow or wind is everywhere in our living environment, moving around objects like pollen, pathogens, droplets, seeds and leaves. Wind has also been actively used in industry and in our everyday lives -- for example, in leaf blowers to clean leaves. But so far, we can't control the direction the leaves move -- we can only blow them together into a pile,' says Professor Quan Zhou from Aalto University, who led the study.

The first step in manipulating objects with wind is understanding how objects move in the airflow. To that end, a research team at Aalto University recorded thousands of sample movements in an artificially generated airflow and used these to build templates of how objects move on a surface in a jet of air.

The team's analysis showed that even though the airflow is generally chaotic, it's still regular enough to move objects in a controlled way in different directions -- even back towards the nozzle blowing out the air.

'We designed an algorithm that controls the direction of the air nozzle with two motors. The jet of air is blown onto the surface from several meters away and to the side of the object, so the generated airflow field moves the object in the desired direction. The control algorithm repeatedly adjusts the direction of the air nozzle so that the airflow moves the objects along the desired trajectory,' explains Zhou.

'Our observations allowed us to use airflow to move objects along different paths, like circles or even complex letter-like paths. Our method is versatile in terms of the object's shape and material -- we can control the movement of objects of almost any shape,' he continues.

The technology still needs to be refined, but the researchers are optimistic about the untapped potential of their nature-inspired approach. It could be used to collect items that are scattered on a surface, such as pushing debris and waste to collection points. It could also be useful in complex processing tasks where physical contact is impossible, such as handling electrical circuits.

'We believe that this technique could get even better with a deeper understanding of the characteristics of the airflow field, which is what we're working on next,' says Zhou.
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Laser imaging could offer early detection for at-risk artwork | ScienceDaily
Look closely at Impressionist paintings in museums compared with photos of them taken 50 years ago, and you might notice something odd: some are losing their bright yellow hues.


						
Take the dramatic sunset in Edward Munch's famous painting "The Scream." Portions of the sky that were once a vivid orangish yellow have faded to off-white.

Likewise, some of the sunny yellow that Henri Matisse brushed between the reclining nudes in his painting "The Joy of Life" is now more of a drab beige.

Several other paintings from this period are facing similar issues. The bright yellow paint these artists used was made from the chemical compound cadmium sulfide. The pigment was beloved by many European artists of the late 19th and early 20th centuries. Claude Monet, Vincent van Gogh, and Pablo Picasso all brushed their canvasses with it.

"So many painters really loved this pigment," said Yue Zhou, who earned her Ph.D. in the lab of Duke chemistry professor Warren Warren.

But as the decades passed, many artists and art conservators realized they had a problem: Their cadmium yellow brushstrokes didn't look as vibrant as they once did.

The passage of time exposes artwork to light, moisture, dust and other elements of nature that can make pigments vulnerable to fading and discoloration.




In a new study, Duke University researchers show that a laser microscopy technique they developed could offer a means of early detection, making it possible to identify the first tiny signs of color change even before they're visible to the eye.

Several techniques exist to study what pigments were used in a painting and how much they've broken down. But they typically involve scraping off a tiny chip of paint with a scalpel to analyze its composition. That method can damage the piece and limits the area to be studied, Zhou said.

"It's a little like surgery," she added.

Enter pump-probe microscopy. It can peer into layers of paint and detect chemical changes that mark the onset of a pigment's decay, without taking cross-sections of the original artwork.

The technique uses ultra-fast pulses of harmless visible or near-infrared light, lasting less than a trillionth of a second, and measures how they interact with pigments in the paint. The resulting signals can be used as chemical fingerprints to identify which compounds are present.

By focusing the laser beam at different locations and depths within the sample, the researchers are able to create 3D maps of certain pigments and monitor what's happening at scales as small as a hundredth of a millimeter.




For the new study, published April 26 in the Journal of Physics: Photonics, the researchers used pump-probe microscopy to analyze samples of cadmium yellow paint subjected to an artificial aging process.

In a lab on Duke's west campus, Zhou stirred up samples of the famous color. Taking a bottle of powdered cadmium sulfide pigment off a shelf, she mixed it with linseed oil and then brushed it on microscope slides to dry.

Some samples were left in a dark and dry environment, protected from moisture and light damage. But the rest were placed in a special chamber and exposed to light and high humidity -- factors known to wreak havoc on unstable colors.

The researchers then imaged the paint samples using pump-probe microscopy to track the degradation progress on a microscopic scale.

Compared with control samples, the samples that got the aging treatment emerged looking the worse for wear. After four weeks in the aging chamber, they had faded to lighter shades of yellow.

But even before these changes became noticeable, clear signs of decay were already apparent in the pump-probe data, Zhou said.

The cadmium sulfide signal started to wane as early as week one, eventually decreasing by more than 80% by week four.

The signal loss is a result of chemical changes in the pigments, Zhou said. Moisture triggers the transformation of cadmium sulfide, which is yellow, into cadmium sulfate, which is white -- resulting in a whitish or dull cast.

Senior co-authors Warren and Martin Fischer originally developed the technique to analyze pigments in human tissue, not works of art -- to inspect skin moles for signs of cancer. But then they realized the same approach could be used for art conservation.

There is a caveat: while the technique spots early changes in a nondestructive way, conservators can't easily recreate the bulky laser setup in their own museums.

In the future, the team says it might be possible to develop a cheaper, more portable version that can be used to study paintings that are too vulnerable or large to transport and analyze off site.

Of course, any color loss that has already happened can't be reversed. But one day, art conservators might have a new tool to spot these changes earlier and take steps to slow or stop the process in its beginning stages.

The research has potential applications beyond artists' pigments. Looking at cadmium yellow degradation in century-old paintings could help researchers better understand modern materials that are vulnerable to the elements too, such as the cadmium sulfide used in solar cells, Warren said.
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Gemini south reveals origin of unexpected differences in giant binary stars | ScienceDaily
Using the Gemini South telescope a team of astronomers have confirmed for the first time that differences in binary stars' composition can originate from chemical variations in the cloud of stellar material from which they formed. The results help explain why stars born from the same molecular cloud can possess different chemical composition and host different planetary systems, as well as pose challenges to current stellar and planet formation models.


						
It is estimated that up to 85% of stars exist in binary star systems, some even in systems with three or more stars. These stellar pairs are born together out of the same molecular cloud from a shared abundance of chemical building blocks, so astronomers would expect to find that they have nearly identical compositions and planetary systems. However, for many binaries that isn't the case. While some proposed explanations attribute these dissimilarities to events occurring after the stars evolved, a team of astronomers have confirmed for the first time that they can actually originate from before the stars even began to form.

Led by Carlos Saffe of the Institute of Astronomical, Earth and Space Sciences (ICATE-CONICET) in Argentina, the team used the Gemini South telescope in Chile, one half of the International Gemini Observatory, supported in part by the U.S. National Science Foundation and operated by NSF NOIRLab. With the new, precise Gemini High Resolution Optical SpecTrograph (GHOST) the team studied the different wavelengths of light, or spectra, given off by a pair of giant stars, which revealed significant differences in their chemical make-up. "GHOST's extremely high-quality spectra offered unprecedented resolution," said Saffe, "allowing us to measure the stars' stellar parameters and chemical abundances with the highest possible precision." These measurements revealed that one star had higher abundances of heavy elements than the other. To disentangle the origin of this discrepancy, the team used a unique approach.

Previous studies have proposed three possible explanations for observed chemical differences between binary stars. Two of them involve processes that would occur well into the stars' evolution: atomic diffusion, or the settling of chemical elements into gradient layers depending on each star's temperature and surface gravity; and the engulfment of a small, rocky planet, which would introduce chemical variations in a star's composition.

The third possible explanation looks back at the beginning of the stars' formation, suggesting that the differences originate from primordial, or pre-existing, areas of nonuniformity within the molecular cloud. In simpler terms, if the molecular cloud has an uneven distribution of chemical elements, then stars born within that cloud will have different compositions depending on which elements were available at the location where each formed.

So far, studies have concluded that all three explanations are probable; however, these studies focused solely on main-sequence binaries. The 'main-sequence' is the stage where a star spends most of its existence, and the majority of stars in the Universe are main-sequence stars, including our Sun. Instead, Saffe and his team observed a binary consisting of two giant stars. These stars possess extremely deep and strongly turbulent external layers, or convective zones. Owing to the properties of these thick convective zones, the team was able to rule out two of the three possible explanations.

The continuous swirling of fluid within the convective zone would make it difficult for material to settle into layers, meaning giant stars are less sensitive to the effects of atomic diffusion -- ruling out the first explanation. The thick external layer also means that a planetary engulfment would not change a star's composition much since the ingested material would rapidly be diluted -- ruling out the second explanation. This leaves primordial inhomogeneities within the molecular cloud as the confirmed explanation. "This is the first time astronomers have been able to confirm that differences between binary stars begin at the earliest stages of their formation," said Saffe.




"Using the precision-measurement capabilities provided by the GHOST instrument, Gemini South is now collecting observations of stars at the end of their lives to reveal the environment in which they were born," says Martin Still, NSF program director for the International Gemini Observatory. "This gives us the ability to explore how the conditions in which stars form can influence their entire existence over millions or billions of years."

Three consequences of this study are of particular significance. First, these results offer an explanation for why astronomers see binary stars with such different planetary systems. "Different planetary systems could mean very different planets -- rocky, Earth-like, ice giants, gas giants -- that orbit their host stars at different distances and where the potential to support life might be very different," said Saffe.

Second, these results pose a crucial challenge to the concept of chemical tagging -- using chemical composition to identify stars that came from the same environment or stellar nursery -- by showing that stars with different chemical compositions can still have the same origin.

Finally, observed differences previously attributed to planetary impacts on a star's surface will need to be reviewed, as they might now be seen as having been there from the very beginning of the star's life.

"By showing for the first time that primordial differences really are present and responsible for differences between twin stars, we show that star and planet formation could be more complex than initially thought," said Saffe. "The Universe loves diversity!"
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Researchers develop a new way to instruct dance in Virtual Reality | ScienceDaily
Researchers at Aalto University were looking for better ways to instruct dance choreography in virtual reality. The new WAVE technique they developed will be presented in May at the CHI conference, a major venue for human-computer interaction research.


						
Previous techniques have largely relied on pre-rehearsal and simplification.

'In virtual reality, it is difficult to visualise and communicate how a dancer should move. The human body is so multi-dimensional, and it is difficult to take in rich data in real time,' says Professor Perttu Hamalainen.

The researchers started by experimenting with visualisation techniques familiar from previous dance games. But after several prototypes and stages, they decided to try out the audience wave, familiar from sporting events, to guide the dance.

'The wave-like movement of the model dancers allows you to see in advance what kind of movement is coming next. And you don't have to rehearse the movement beforehand,' says PhD researcher Markus Laattala.

In general, one cannot follow a new choreography in real time because of the delay in human perceptual motor control. The WAVE technique developed by the researchers, on the other hand, is based on anticipating future movement, such as a turn.

'No one had figured out how to guide a continuous, fluid movement like contemporary dance. In the choreography we implemented, making a wave is communication, a kind of micro-canon in which the model dancers follow the same choreography with a split-second delay,' says Hamalainen.




From tai chi to exaggerated movements

A total of 36 people took part in the one-minute dance test, comparing the new WAVE visualization to a traditional virtual version in which there was only one model dancer to follow. The differences between the techniques were clear.

'This implementation is at least suitable for slow-paced dance styles. The dancer can just jump in and start dancing without having to learn anything beforehand. However, in faster movements, the visuals can get confusing, and further research and development is needed to adapt and test the approach with more dance styles' says Hamalainen.

In addition to virtual dance games, the new technique may be applicable to music videos, karaoke, and tai chi.

'It would be optimal for the user if they could decide how to position the model dancers in a way that suits them. And if the idea were taken further, several dancers could send each other moves in social virtual reality. It could become a whole new way of dancing together', says Laattala.

'Current mainstream VR devices only track the movement of the headset and handheld controllers. On the other hand, machine learning data can sometimes be used to infer how the legs move,' says Hamalainen.




'But in dance, inference is more difficult because the movements are stranger than, for example, walking,' adds Laattala.

On the other hand, if you have a mirror in the real dance space, you can follow the movement of your feet using machine vision. The dancer's view could be modified using a virtual mirror.

'A dancer's virtual performance can be improved by exaggeration, for example by increasing flexibility, height of the jumps, or hip movement. This can make them feel that they are more skilled than they are, which research shows has a positive impact on physical activity motivation,' says Hamalainen.

The virtual dance game has been developed using the Magics infrastructure's motion capture kit, where the model dancer is dressed in a costume with sensors. These have been used to record the dance animation. 

The WAVE dance game can be downloaded for Meta Quest 2 and 3 VR devices here: https://github.com/CarouselDancing/WAVE. The Github repository also includes the open source code that anyone can use to develop the game further.

Reference:

Laattala, M., Piitulainen, R., Ady, N., Tamariz, M., & Hamalainen, P. (2024). Anticipatory Movement Visualization for VR Dancing. ACM SIGCHI Annual Conference on Human Factors in Computing Systems.
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'Seeing the invisible': New tech enables deep tissue imaging during surgery | ScienceDaily
Hyperspectral imaging (HSI) is a state-of-the-art technique that captures and processes information across a given electromagnetic spectrum. Unlike traditional imaging techniques that capture light intensity at specific wavelengths, HSI collects a full spectrum at each pixel in an image. This rich spectral data enables the distinction between different materials and substances based on their unique spectral signatures. Near-infrared hyperspectral imaging (NIR-HSI) has attracted significant attention in the food and industrial fields as a non-destructive technique for analyzing the composition of objects. A notable aspect of NIR-HSI is over-thousand-nanometer (OTN) spectroscopy, which can be used for the identification of organic substances, their concentration estimation, and 2D map creation. Additionally, NIR-HSI can be used to acquire information deep into the body, making it useful for the visualization of lesions hidden in normal tissues.


						
Various types of HSI devices have been developed to suit different imaging targets and situations, such as for imaging under a microscope or portable imaging and imaging in confined spaces. However, for OTN wavelengths, ordinary visible cameras lose sensitivity and only a few commercially available lenses exist that can correct chromatic aberration. Moreover, it is necessary to construct cameras, optical systems, and illumination systems for portable NRI-HSI devices, but no device that can acquire NIR-HSI with a rigid scope, crucial for portability, has been reported yet.

Now, in a new study, a team of researchers, led by Professor Hiroshi Takemura from Tokyo University of Science (TUS) and including Toshihiro Takamatsu, Ryodai Fukushima, Kounosuke Sato, Masakazu Umezawa, and Kohei Soga, all from TUS, Hideo Yokota from RIKEN, and Abian Hernandez Guedes and Gustavo M. Calico, both from the University of Las Palmas de Gran Canaria, has recently developed the world's first rigid endoscope system capable of HSI from visible to OTN wavelengths. Their findings were published in Volume 32, Issue 9 of Optics Express on April 17, 2024.

At the core of this innovative system lies a supercontinuum (SC) light source and an acoustic-opto tunable filter (AOTF) that can emit specific wavelengths. Prof. Takemura explains, "An SC light source can output intense coherent white light, whereas an AOTF can extract light containing a specific wavelength. This combination offers easy light transmission to the light guide and the ability to electrically switch between a broad range of wavelengths within a millisecond."

The team verified the optical performance and classification ability of the system, demonstrating its capability to perform HSI in the range of 490-1600 nm, enabling visible as well as NIR-HSI. Additionally, the results highlighted several advantages, such as the low light power of extracted wavelengths, enabling non-destructive imaging, and downsizing capability. Moreover, a more continuous NIR spectrum can be obtained compared to that of conventional rigid-scope-type devices.

To demonstrate their system's capability, the researchers used it to acquire the spectra of six types of resins and employed a neural network to classify the spectra pixel-by-pixel in multiple wavelengths. The results revealed that when the OTN wavelength range was extracted from the HSI data for training, the neural network could classify seven different targets, including the six resins and a white reference, with an accuracy of 99.6%, reproducibility of 93.7%, and specificity of 99.1%. This means that the system can successfully extract molecular vibration information of each resin at each pixel.

Prof. Takemura and his team also identified several future research directions for improving this method, including enhancing image quality and recall in the visible region and refining the design of the rigid endoscope to correct chromatic aberrations over a wide area. With these further advancements, in the coming years, the proposed HSI technology is expected to facilitate new applications in industrial inspection and quality control, working as a "superhuman vision" tool that unlocks new ways of perceiving and understanding the world around us.

"This breakthrough, which combines expertise from different fields through a collaborative, cross-disciplinary approach, enables the identification of invaded cancer areas and the visualization of deep tissues such as blood vessels, nerves, and ureters during medical procedures, leading to improved surgical navigation. Additionally, it enables measurement using light previously unseen in industrial applications, potentially creating new areas of non-use and non-destructive testing," remarks Prof. Takemura. "By visualizing the invisible, we aim to accelerate the development of medicine and improve the quality of life of physicians as well as patients."
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Details of hurricane Ian's aftermath captured with new remote sensing method | ScienceDaily
Category 4 Hurricane Ian made landfall in Florida's Lee County on Sept. 28, 2022, battering the region with wind speeds of 155 miles per hour and storm surge up to 13 feet -- the highest storm surge documented in Southwest Florida in the past 150 years.


						
In the aftermath of a disaster, rapidly assessing damage is critical for rescue, recovery and emergency planning. Damage assessments are typically conducted through field reconnaissance deployments, which can be labor-intensive, costly and risky. Moreover, field-based emergency response assessments can be hindered by delays and other setbacks due to the severity of the damage and the inability to access the hardest hit areas.

Using remote sensing technology, Florida Atlantic University researchers have developed a novel technique that provides rapid, high-resolution assessments of detailed damage after a hurricane. Using aerial imagery data and LiDAR, they identified the hardest-hit areas of Southwest Florida's Estero Island and estimated the extent of structural damage. Researchers also compared pre- and post-storm structural or morphological changes to the beach. The study is the first to apply an advanced multi-faceted approach that links damage assessment to post-storm change in the structure of barrier islands.

Results of the study, published in the Journal of Marine Science and Engineering, identified a total of 2,427 structures on Estero Island that were impacted by Hurricane Ian, with 170 structures suffering extensive damage. A single store was the only structure in the study area classified as "not affected."

Using data from the Lee County tax appraiser, researchers estimated the total assessed value of the heavily damaged structures at more than $200 million.

Overall, 734 buildings had 30 to 50 percent structural damage, the majority of which were single-family and multi-unit residences. Researchers identified 158 buildings that were severely damaged with partial or complete roof failure.

The highest percentage of damaged structures occurred on the central and northern portions of the island, where most of the structures were single-family and multi-family residences. Most of the structures that experienced 0 to 30 percent damage were classified as low-rise condominiums (three stories or less), commercial shopping centers and stores. Among the "severely damaged" and "destroyed" structures were seven mobile home subdivisions.




"Employing this advanced technology of aerial imagery and airborne LiDAR enabled us to collect extensive data from Hurricane Ian's aftermath and analyze large-scale datasets rather quickly," said Tiffany Roberts Briggs, Ph.D., senior author, chair and an associate professor in the Department of Geosciences within FAU's Charles E. Schmidt College of Science.

The 2,427 structures were built between 1963 to 2019. The buildings in the areas where less damage was observed were built between 1963 and 1981. Similarly, in the areas of heavy damage, the majority of the buildings were built between 1963 and 1981. The spatial distribution of ground elevation and year built indicated no apparent trends associated with these two variables.

"We found no correlation between the ground elevation or year built for the extent of damages in this analysis, which emphasizes the role of the extreme inundation and importance of other factors contributing to vulnerability," said Roberts Briggs. "Results from our study can help improve disaster planning by developing new policies and guidelines for coastal development in some of the most vulnerable and storm-exposed areas."

Areas associated with little to no damage were spatially clustered in the southern and central portion of the island, with most structures concentrated on the landward side of the barrier island.

"The southern portion of Estero Island contains multiple saltwater marshes," said Leanne Hauptman, first author and a Ph.D. student in FAU's Department of Geosciences. "Because of these saltwater marshes, storm-wave energy may been substantially dissipated by friction by the time the waves reached the barrier interior, potentially lessening the impact on the structures in that area."

Findings also showed substantial post-storm debris and sand deposition across the entire island, and a notable deposition of sediment across the roadways and on the backside of the barrier, which is not readily returned seaward to the beach under post-storm conditions. Ponding water also was found hundreds of meters inland near buildings and other structures, providing evidence of the extent of inundation resulting from the storm.

"Although our study focused on Estero Island, this new remote sensing approach is generalizable," said Diana Mitsova, Ph.D., corresponding author, chair and professor, FAU Department of Urban and Regional Planning within the Charles E. Schmidt College of Science and an affiliate professor, FAU Department of Geosciences. "As this technology continues to advance and becomes more readily available, it will offer a broad range of high-resolution coverage that can help prioritize emergency response efforts immediately following catastrophic natural disasters and other events."

For the study, analysis of beach morphology was conducted by creating profile graphs to visualize elevation changes over a continuous distance. To measure structural damage, researchers use LiDAR tools to extract building footprints and building heights pre- and post-storm. Building footprints were overlaid on the post-imagery to estimate the total number of damaged buildings as well as the level of damage to each structure.
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When does a conductor not conduct? | ScienceDaily
An Australian-led study has found unusual insulating behaviour in a new atomically-thin material -- and the ability to switch it on and off.


						
Materials that feature strong interactions between electrons can display unusual properties such as the ability to act as insulators even when they are expected to conduct electricity. These insulators, known as Mott insulators, occur when electrons become frozen because of strong repulsion they feel from other electrons nearby, preventing them from carrying a current.

Led by FLEET at Monash University, a new study (published in Nature Communications) has demonstrated a Mott insulating phase within an atomically-thin metal-organic framework (MOF), and the ability to controllably switch this material from an insulator to a conductor. This material's ability to act as an efficient 'switch' makes it a promising candidate for application in new electronic devices such as transistors.

Electron interactions written in the stars

The atomically thin (or '2D') material at the heart of the study is a type of MOF, a class of materials composed from organic molecules and metal atoms.

"Thanks to the versatility of supramolecular chemistry approaches -- in particular applied on surfaces as substrates -- we have an almost infinite number of combinations to construct materials from the bottom-up, with atomic scale precision," explains corresponding author A/Prof Schiffrin. "In these approaches, organic molecules are used as building blocks, By carefully choosing the right ingredients, we can tune the properties of MOFs."

The important tailor-made property of the MOF in this study is its star-shaped geometry, known as a kagome structure. This geometry enhances the influence of electron-electron interactions, directly leading to the realisation of a Mott insulator.




The on-off switch: electron population

The authors constructed the star-shaped kagome MOF from a combination of copper atoms and 9,10-dicyanoanthracene (DCA) molecules. They grew the material upon another atomically thin insulating material, hexagonal boron nitride (hBN), on an atomically flat copper surface, Cu(111).

"We measured the structural and electronic properties of the MOF at the atomic scale using scanning tunnelling microscopy and spectroscopy," explains lead author Dr. Benjamin Lowe, who recently completed his PhD with FLEET. "This allowed us to measure an unexpected energy gap -- the hallmark of an insulator."

The authors' suspicion that the experimentally measured energy gap was a signature of a Mott insulating phase was confirmed by comparing experimental results with dynamical mean-field theory calculations.

"The electronic signature in our calculations showed remarkable agreement with experimental measurements and provided conclusive evidence of a Mott insulating phase," explains FLEET alum Dr. Bernard Field, who performed the theoretical calculations in collaboration with researchers from the University of Queensland and the Okinawa Institute of Science and Technology Graduate University in Japan.

The authors were also able to change the electron population in the MOF by using variations in the chemical environment of the hBN substrate and the electric field underneath the scanning tunnelling microscope tip.




When some electrons are removed from the MOF, the repulsion that the remaining electrons feel is reduced and they become unfrozen -- allowing the material to behave like a metal. The authors were able to observe this metallic phase from a vanishing of the measured energy gap when they removed some electrons from the MOF. Electron population is the on-off switch for controllable Mott insulator to metal phase transitions.

What's next?

The ability of this MOF to switch between Mott insulator and metal phases by modifying the electron population is a promising result that could be exploited in new types of electronic devices (for example, transistors). A promising next step towards such applications would be to reproduce these findings within a device structure in which an electric field is applied uniformly across the whole material.

The observation of a Mott insulator in a MOF which is easy to synthesise and contains abundant elements also makes these materials attractive candidates for further studies of strongly correlated phenomena -- potentially including superconductivity, magnetism, or spin liquids.
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Scientists develop strong yet reusable adhesive from smart materials | ScienceDaily
Scientists from Nanyang Technological University, Singapore (NTU Singapore) have developed a smart, reusable adhesive more than ten times stronger than a gecko's feet adhesion, pointing the way for development of reusable superglue and grippers capable of holding heavy weights across rough and smooth surfaces.


						
The NTU research team, led by Professor K Jimmy Hsia, found a way to maximise the adhesion of the smart adhesives by using shape-memory polymers, which can stick and detach easily when needed simply by heating them.

Writing last month in the scientific journal National Science Review, the team details their breakthrough in adhesion by designing the shape-memory polymer material in the shape of hair-like fibrils.

This smart adhesive can support extremely heavy weights, opening new possibilities for robotic grippers that allow humans to scale walls effortlessly, or climbing robots that can cling onto ceilings for survey or repair applications.

Professor Hsia, President's Chair in Mechanical Engineering, NTU School of Mechanical & Aerospace Engineering (MAE) and School of Chemistry, Chemical Engineering and Biotechnology, said: "This research is based on a fundamental understanding of the mechanisms of adhesion forces on rough surfaces. It can help us develop very strong, yet easily detachable, adhesives adaptable to rough surfaces. The technology will be very useful in adhesive grippers and climbing robots and might one day let humans climb walls like a real-life Spider-Man."

It's rubber, it's glue; it remembers its shape and clings on to you

Shape-memory polymers are materials that can hold 'memories' of their previous form and return to their original shape after they have been deformed by applying external stimuli such as heat, light or electrical current. These properties make them ideal to be used as switchable adhesives that can adapt to various surfaces.




In their testing, the researchers used a shape-memory polymer named E44 epoxy, a stiff and glass-like plastic at room temperature. Upon heating, the material turns into a soft rubber-like state that can conform and lock onto microscopic nooks and crevices. As it cools, it becomes glassy, creating extra-strong adhesive bonds due to a shape-locking effect.

When the material is reheated, it reverts to its rubbery state so it can be pulled away and easily detached from the surface it was clinging to.

The researchers found that the most effective adhesion came from designing the shape-memory polymer into an array of hair-like fibrils. Each fibril had to be carefully designed -- larger fibrils had weaker adhesion, while the smaller fibrils were hard to fabricate and prone to collapse and degradation. The sweet spot was between 0.5 mm and 3 mm in radius, pushing the limits of adhesion while retaining structural integrity.

In their experiments, the researchers found that one fibril with a 19.6 mm2 cross-section could support loads up to 1.56 kg. Every additional fibril allows for more weight to be supported. A palm-sized array of 37 fibrils weighing about 30 g can hold a weight of 60 kg -- an adult human's weight.

The research paper's first author, NTU Research Fellow Dr Linghu Changhong, said: "Our smart adhesive exemplifies how shape-memory polymers can maintain and even enhance adhesion as surface roughness increases. This overcomes the 'adhesion paradox', which scientists have been puzzling over, where there is a decrease in adhesion strength on rough surfaces despite having more surface area for molecules to adhere to. Our tests showed that adhesion strength of the polymer increases along with surface roughness when in a solid state and decreases when in the rubbery state."

Co-corresponding author Professor Gao Huajian, formerly a Distinguished University Professor from NTU's School of MAE and currently the Xinghua University Professor at Tsinghua University,said: "For practical gripping purposes, the adhesive needs to be strong enough to stick onto a surface, yet also easily detach when needed. Switching between the two modes is vital for practical applications. Stronger adhesives can support heavier loading but tend to be harder to detach -- this is what we call a 'switchability conflict'. Our research into shape-memory polymers has resulted in an adhesive that can easily harden to stick onto surfaces, and just as easily soften to detach, all the while being able to bear heavy weights including that of a human being."

Professor Hsia added: "The shape-memory polymer adhesives we designed overcome both the adhesion paradox and the switchability conflict, providing guidelines for developing stronger and more switchable adhesives adaptable to rough surfaces."




Paving the way for sticky climbing gear

Detaching the shape-memory polymer while it is attached to a surface in a glass state takes less than a minute of heating using a hair dryer to bring temperatures up to 60degC.Conversely, for attachment, it takes about three minutes for the material to cool down thoroughly and lock into place.

The temperature at which the polymer changes states can be controlled by adjusting the ratios of the components used to form the polymer. This allows the polymer to be used in extreme environments, such as hot weather conditions. In their testing, the researchers set the temperature at which the polymer detaches to 60degC, a temperature that falls outside most comfortable real-world conditions.

This ability of the material to attach and detach using only heat lets it act as a reusable superglue that does not leave behind sticky residue on walls. It can also be used as soft grippers capable of sticking onto objects with diverse surface textures and reliably holding them for extended periods.

Dr Changhong said: "At this current stage, the heating and cooling times, as well as switching temperature, restrict the number of real-world use cases. However, our findings show that reducing the wait times to mere seconds is possible, and the switching temperatures can be lowered to near body temperature, dramatically opening up application possibilities."

"The stimuli to switch the material from one state to another can also be different, such as using electrical current or light instead," he added.

Moving forward, the research team aims to reduce the cooling time required for adhesion. The team envisions that the adhesive might eventually be used in climbing equipment -- such as gloves and boots -- that will allow climbers to stick onto and scale walls. Robots could also be outfitted with the material to create wall-climbing robots, which are useful in many industries such as construction and building surveying.
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Physicists show that light can generate electricity even in translucent materials | ScienceDaily
Some materials are transparent to light of a certain frequency. When such light is shone on them, electrical currents can still be generated, contrary to previous assumptions. Scientists from Leipzig University and Nanyang Technological University in Singapore have managed to prove this. "This opens new paradigms for constructing opto-electronic and photovoltaic devices, such as light amplifiers, sensors and solar cells," says Inti Sodemann Villadiego, Professor at the Institute of Theoretical Physics at Leipzig University. The scientists have published their findings in the journal Physical Review Letters. 


						
"It is possible to drive electric currents by light even when the material has a vanishingly small absorption of such light. This is an important new insight," adds his colleague Li-kun Shi.

Inti Sodemann Villadiego and his colleagues investigated what are known as "Floquet Fermi liquid" states. A Fermi liquid is a special state of many quantum mechanical particles with properties that can be very different from those of ordinary classical liquids such as water at ambient temperature. Fermi liquids can arise in a wide variety of situations, from common materials such as the electrical fluid of electrons in metals like gold or silver, to more exotic situations such as the fluid of Helium-3 atoms at low temperatures. They can display "spectacular properties," such as becoming superconductors of electricity at low temperatures. The "Floquet Fermi liquid" is a variant of this state realised when the particles of the fluid are periodically shaken, such as what happens to electrons in metals when they are illuminated by ideally periodic light.

"In our publication, we explain several properties of these fluid states," says Professor Sodemann Villadiego. "To study them, we had to develop detailed theoretical models of complex states of electrons shaken by light, which is far from easy."
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Speeding up spectroscopic analysis | ScienceDaily
Ultrafast laser spectroscopy allows the ascertainment of dynamics over extremely short time scales, making it a very useful tool in many scientific and industrial applications. A major disadvantage is the considerable measuring time this technique usually requires, which often leads to lengthy acquisition times spanning minutes to hours. Researchers have developed a technique to speed up spectroscopic analysis. The results of the project led by Hanieh Fattahi, Research group leader at the Max-Planck-Institute of the Science of Light, in collaboration with industrial partners from Germany and France, were recently published in the Journal of Ultrafast Science.


						
Ultrashort pulses play a significant role in spectroscopic applications. Their broad spectral bandwidth enables simultaneous characterization of the sample at various frequencies, eliminating the need for repeated measurements or laser tuning. Moreover, their extreme temporal confinement allows for temporal isolation of the sample's response from the main excitation pulse. This response, which carries comprehensive spectroscopic information lasts from tens of femtoseconds to nano-seconds (10[?]15 to 10[?]9 seconds) and is commonly probed by a shorter pulse at various time delays. When merged with other techniques, such as multi-dimensional coherent spectroscopy or hyperspectral imaging, ultrafast spectroscopy facilitates the identification of unknown constituents. However, the ambition of real-time measurements faces obstacles, primarily due to the extensive data recording required across the high bandwidth spectrum for each pixel, introducing considerable delays in data capture, extending processing time, and increasing data volume.

Researchers have developed a technique to speed up spectroscopic analysis. Kilian Scheffter, a doctoral student working with Hanieh Fattahi, head of the "Femtosecond Fieldoscopy" group at MPL explains: "The response of molecules to ultra-short excitation pulses is typically sparse in many samples, which implies that the response occurs only at specific frequencies known as molecular fingerprints. By strategically randomizing the measurement points in time, an established approach called compressed sensing can efficiently reconstruct the signal by using fewer data points than the limit dictated by the Nyquist criterion. However, the main challenge has been to change the temporal overlap of the probe pulses and the femtosecond excitation pulses randomly. Collaborating with our partners in Germany and France, we've successfully employed acoustic waves to modulate this temporal overlap randomly. This innovation expands the application of compressed sensing to real-time spectroscopic measurement."

"Accelerating time domain spectroscopy offers several advantages, for example in simplifying the label-free imaging of fragile specimens, real-time environmental monitoring and open-air diagnostics of toxic and hazardous gases, and molecular fieldoscopy" says Dr. Hanieh Fattahi.
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Probing the effects of interplanetary space on asteroid Ryugu | ScienceDaily
Samples reveal evidence of changes experienced by the surface of asteroid Ryugu, some probably due to micrometeoroid bombardment.


						
Analyzing samples retrieved from the asteroid Ryugu by the Japanese Space Agency's Hayabusa2 spacecraft has revealed new insights into the magnetic and physical bombardment environment of interplanetary space. The results of the study, carried out by Professor Yuki Kimura at Hokkaido University and co-workers at 13 other institutions in Japan, are published in the journal Nature Communications.

The investigations used electron waves penetrating the samples to reveal details of their structure and magnetic and electric properties, a technique called electron holography.

Hayabusa2 reached asteroid Ryugu on 27 June 2018, collected samples during two delicate touchdowns, and then returned the jettisoned samples to Earth in December 2020. The spacecraft is now continuing its journey through space, with plans for it to observe two other asteroids in 2029 and 2031.

One advantage of collecting samples directly from an asteroid is that it allows researchers to examine long-term effects of its exposure to the environment of space. The 'solar wind' of high energy particles from the sun and bombardment by micrometeoroids cause changes known as space-weathering. It is impossible to study these changes precisely using most of the meteorite samples that land naturally on Earth, partly due to their origin from the internal parts of an asteroid, and also due to the effects of their fiery descent through the atmosphere.

"The signatures of space weathering we have detected directly will give us a better understanding of some of the phenomena occurring in the Solar System," says Kimura. He explains that the strength of the magnetic field in the early solar system decreased as planets formed, and measuring the remnant magnetization on asteroids can reveal information about the magnetic field in the very early stages of the solar system.

Kimura adds, "In future work, our results could also help to reveal the relative ages of surfaces on airless bodies and assist in the accurate interpretation of remote sensing data obtained from these bodies."

One particularly interesting finding was that small mineral grains called framboids, composed of magnetite, a form of iron oxide, had completely lost their normal magnetic properties. The researchers suggest this was due to collision with high velocity micrometeoroids between 2 and 20 micrometers in diameter. The framboids were surrounded by thousands of metallic iron nanoparticles. Future studies of these nanoparticles will hopefully reveal insights into the magnetic field that the asteroid has experienced over long periods of time.

"Although our study is primarily for fundamental scientific interest and understanding, it could also help estimate the degree of degradation likely to be caused by space dust impacting robotic or manned spacecraft at high velocity," Kimura concludes.
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Computer scientists unveil novel attacks on cybersecurity | ScienceDaily
Researchers have found two novel types of attacks that target the conditional branch predictor found in high-end Intel processors, which could be exploited to compromise billions of processors currently in use.


						
The multi-university and industry research team led by computer scientists at University of California San Diego will present their work at the 2024 ACM ASPLOS Conference that begins tomorrow. The paper, "Pathfinder: High-Resolution Control-Flow Attacks Exploiting the Conditional Branch Predictor," is based on findings from scientists from UC San Diego, Purdue University, Georgia Tech, the University of North Carolina Chapel Hill and Google.

They discover a unique attack that is the first to target a feature in the branch predictor called the Path History Register, which tracks both branch order and branch addresses. As a result, more information with more precision is exposed than with prior attacks that lacked insight into the exact structure of the branch predictor.

Their research has resulted in Intel and Advanced Micro Devices (AMD) addressing the concerns raised by the researchers and advising users about the security issues. Today, Intel is set to issue a Security Announcement, while AMD will release a Security Bulletin.

In software, frequent branching occurs as programs navigate different paths based on varying data values. The direction of these branches, whether "taken" or "not taken," provides crucial insights into the executed program data. Given the significant impact of branches on modern processor performance, a crucial optimization known as the "branch predictor" is employed. This predictor anticipates future branch outcomes by referencing past histories stored within prediction tables. Previous attacks have exploited this mechanism by analyzing entries in these tables to discern recent branch tendencies at specific addresses.

In this new study, researchers leverage modern predictors' utilization of a Path History Register (PHR) to index prediction tables. The PHR records the addresses and precise order of the last 194 taken branches in recent Intel architectures. With innovative techniques for capturing the PHR, the researchers demonstrate the ability to not only capture the most recent outcomes but also every branch outcome in sequential order. Remarkably, they uncover the global ordering of all branches. Despite the PHR typically retaining the most recent 194 branches, the researchers present an advanced technique to recover a significantly longer history.

"We successfully captured sequences of tens of thousands of branches in precise order, utilizing this method to leak secret images during processing by the widely used image library, libjpeg," said Hosein Yavarzadeh, a UC San Diego Computer Science and Engineering Department PhD student and lead author of the paper.




The researchers also introduce an exceptionally precise Spectre-style poisoning attack, enabling attackers to induce intricate patterns of branch mispredictions within victim code. "This manipulation leads the victim to execute unintended code paths, inadvertently exposing its confidential data," said UC San Diego computer science Professor Dean Tullsen.

"While prior attacks could misdirect a single branch or the first instance of a branch executed multiple times, we now have such precise control that we could misdirect the 732nd instance of a branch taken thousands of times," said Tullsen.

The team presents a proof-of-concept where they force an encryption algorithm to transiently exit earlier, resulting in the exposure of reduced-round ciphertext. Through this demonstration, they illustrate the ability to extract the secret AES encryption key.

"Pathfinder can reveal the outcome of almost any branch in almost any victim program, making it the most precise and powerful microarchitectural control-flow extraction attack that we have seen so far," said Kazem Taram, an assistant professor of computer science at Purdue University and a UC San Diego computer science PhD graduate.

In addition to Dean Tullsen and Hosein Yavarzadeh, other UC San Diego coauthors are. Archit Agarwal and Deian Stefan. Other coauthors include Christina Garman and Kazem Taram, Purdue University; Daniel Moghimi, Google; Daniel Genkin, Georgia Tech; Max Christman and Andrew Kwong, University of North Carolina Chapel Hill.

This work was partially supported by the Air Force Office of Scientific Research (FA9550- 20-1-0425); the Defense Advanced Research Projects Agency (W912CG-23-C-0022 and HR00112390029); the National Science Foundation (CNS-2155235, CNS-1954712, and CAREER CNS-2048262); the Alfred P. Sloan Research Fellowship; and gifts from Intel, Qualcomm, and Cisco.
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The end of the quantum tunnel | ScienceDaily
Quantum mechanical effects such as radioactive decay, or more generally: 'tunneling', display intriguing mathematical patterns. Two researchers at the University of Amsterdam now show that a 40-year-old mathematical discovery can be used to fully encode and understand this structure.


						
Quantum physics -- easy and hard

In the quantum world, processes can be separated into two distinct classes. One class, that of the so-called 'perturbative' phenomena, is relatively easy to detect, both in an experiment and in a mathematical computation. Examples are plentiful: the light that atoms emit, the energy that solar cells produce, the states of qubits in a quantum computer. These quantum phenomena depend on Planck's constant, the fundamental constant of nature that determines how the quantum world differs from our large-scale world, but in a simple way. Despite the ridiculous smallness of this constant -- expressed in everyday units of kilograms, metres and seconds it takes a value that starts at the 34th decimal place after the comma -- the fact that Planck's constant is not exactly zero is enough to compute such quantum effects.

Then, there are the 'nonperturbative' phenomena. One of the best known is radioactive decay: a process where due to quantum effects, elementary particles can escape the attractive force that ties them to atomic nuclei. If the world were 'classical' -- that is, if Planck's constant were exactly zero -- this attractive force would be impossible to overcome. In the quantum world, decay does occur, but still only occasionally; a single uranium atom, for example, would on average take over four billion years to decay. The collective name for such rare quantum events is 'tunneling': for the particle to escape, it has to 'dig a tunnel' through the energy barrier that keeps it tied to the nucleus. A tunnel that can take billions of years to dig, and makes The Shawshank Redemption look like child's play.

Mathematics to the rescue

Mathematically, nonperturbative quantum effects are much more difficult to describe than their perturbative cousins. Still, over the century that quantum mechanics has existed, physicists have found many ways to deal with these effects, and to describe and predict them accurately. "Still, in this century-old problem, there was work left to be done," says Alexander van Spaendonck, one of the authors of the new publication. "The descriptions of tunneling phenomena in quantum mechanics needed further unification -- a framework in which all such phenomena could be described and investigated using a single mathematical structure."

Surprisingly, such a structure was found in 40-year-old mathematics. In the 1980s, French mathematician Jean Ecalle had set up a framework that he dubbed resurgence, and that had precisely this goal: giving structure to nonperturbative phenomena. So why did it take 40 years for the natural combination of Ecalle's formalism and the application to tunneling phenomena to be taken to their logical conclusion? Marcel Vonk, the other author of the publication, explains: "Ecalle's original papers were lengthy -- over 1000 pages all combined -- highly technical, and only published in French. As a result, it took until the mid-2000s before a significant number of physicists started getting familiar with this 'toolbox' of resurgence. Originally, it was mostly applied to simple 'toy models', but of course the tools were also tried on real-life quantum mechanics. Our work takes these developments to their logical conclusion."

Beautiful structure




That conclusion is that one of the tools in Ecalle's toolbox, that of a 'transseries', is perfectly suited to describe tunneling phenomena in essentially any quantum mechanics problem, and does so always in the same way. By spelling out the mathematical details, the authors found that it became possible not only to unify all tunneling phenomena into a single mathematical object, but also to describe certain 'jumps' in how big the role of these phenomena is -- an effect known as Stokes' phenomenon.

Van Spaendonck: "Using our description Stokes' phenomenon, we were able to show that certain ambiguities that had plagued the 'classical' methods of computing nonperturbative effects -- infinitely many, in fact -- all dropped out in our method. The underlying structure turned out to be even more beautiful than we originally expected. The transseries that describes quantum tunneling turns out to split -- or 'factorize' -- in a surprising way: into a 'minimal' transseries that describes the basic tunneling phenomena that essentially exist in any quantum mechanics problem, and an object that we called the 'median transseries' that describes the more problem-specific details, and that depends for example on how symmetric a certain quantum setting is."

With this mathematical structure completely clarified, the next question is of course where the new lessons can be applied and what physicists can learn from them. In the case of radioactivity, for example, some atoms are stable whereas others decay. In other physical models, the lists of stable and unstable particles may vary as one slightly changes the setup -- a phenomenon known as 'wall-crossing'. What the researchers have in mind next is to clarify this notion of wall-crossing using the same techniques. This difficult problem has again been studied by many groups in many different ways, but now a similar unifying structure might be just around the corner. There is certainly light at the end of the tunnel.
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New algorithm cuts through 'noisy' data to better predict tipping points | ScienceDaily
Whether you're trying to predict a climate catastrophe or mental health crisis, mathematics tells us to look for fluctuations.


						
Changes in data, from wildlife population to anxiety levels, can be an early warning signal that a system is reaching a critical threshold, known as a tipping point, in which those changes may accelerate or even become irreversible.

But which data points matter most? And which are simply just noise?

A new algorithm developed by University at Buffalo researchers can identify the most predictive data points that a tipping point is near. Detailed in Nature Communications, this theoretical framework uses the power of stochastic differential equations to observe the fluctuation of data points, or nodes, and then determine which should be used to calculate an early warning signal.

Simulations confirmed this method was more accurate at predicting theoretical tipping points than randomly selecting nodes.

"Every node is somewhat noisy -- in other words, it changes over time -- but some may change earlier and more drastically than others when a tipping point is near. Selecting the right set of nodes may improve the quality of the early warning signal, as well as help us avoid wasting resources observing uninformative nodes," says the study's lead author, Naoki Masuda, PhD, professor and director of graduate studies in the UB Department of Mathematics, within the College of Arts and Sciences.

The study was co-authored by Neil Maclaren, a postdoctoral research associate in the Department of Mathematics, and Kazuyuki Aihara, executive director of the International Research Center for Neurointelligence at the University of Tokyo.




The work was supported by the National Science Foundation and the Japan Science and Technology Agency.

Warning signals connected via networks

The algorithm is unique in that it fully incorporates network science into the process. While early warning signals have been applied to ecology and psychology for the last two decades, little research has focused on how those signals are connected within a network, Masuda says.

Consider depression. Recent research has considered it and other mental disorders as a network of symptoms influencing each other by creating feedback loops. A loss of appetite could mean the onset of five other symptoms in the near future, depending on how close those symptoms are on the network.

"As a network scientist, I felt network science could offer a unique or perhaps even improved approach to early warning signals," Masuda says.

By thoroughly considering systems as networks, researchers found that simply selecting the nodes with highest fluctuations was not the best strategy. That's because some selected nodes may be too closely related to other selected nodes.

"Even if we combine two nodes with nice early warning signals, we don't necessarily get a more accurate signal. Sometimes combining a node with a good signal and another node with a mid-quality signal actually gives us a better signal," Masuda says.

While the team validated the algorithm with numerical simulations, they say it can readily be applied to actual data because it does not require information about the network structure itself; it only requires two different states of the networked system to determine an optimal set of nodes.

"The next steps will be to collaborate with domain experts such as ecologists, climate scientists and medical doctors to further develop and test the algorithm with their empirical data and get insights into their problems," Masuda says.
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From disorder to order: Flocking birds and 'spinning' particles | ScienceDaily
Researchers Kazuaki Takasan and Kyogo Kawaguchi of the University of Tokyo with Kyosuke Adachi of RIKEN, Japan's largest comprehensive research institution, have demonstrated that ferromagnetism, an ordered state of atoms, can be induced by increasing particle motility and that repulsive forces between atoms are sufficient to maintain it. The discovery not only extends the concept of active matter to quantum systems but also contributes to the development of novel technologies that rely on the magnetic properties of particles, such as magnetic memory and quantum computing. The findings were published in the journal Physical Review Research.


						
Flocking birds, swarming bacteria, cellular flows. These are all examples of active matter, a state in which individual agents, such as birds, bacteria, or cells, self-organize. The agents change from a disordered to an ordered state in what is called a "phase transition." As a result, they move together in an organized fashion without an external controller.

"Previous studies have shown that the concept of active matter can apply to a wide range of scales, from nanometers (biomolecules) to meters (animals)," says Takasan, the first author. "However, it has not been known whether the physics of active matter can be applied usefully in the quantum regime. We wanted to fill in that gap."

To fill the gap, the researchers needed to demonstrate a possible mechanism that could induce and maintain an ordered state in a quantum system. It was a collaborative work between physics and biophysics. The researchers took inspiration from the phenomena of flocking birds because, due to the activity of each agent, the ordered state is more easily achieved than in other types of active matter. They created a theoretical model in which atoms were essentially mimicking the behavior of birds. In this model, when they increased the motility of the atoms, the repulsive forces between atoms rearranged them into an ordered state called ferromagnetism. In the ferromagnetic state, spins, the angular momentum of subatomic particles and nuclei, align in one direction, just like how flocking birds face the same direction while flying.

"It was surprising at first to find that the ordering can appear without elaborate interactions between the agents in the quantum model," Takasan reflects on the finding. "It was different from what was expected based on biophysical models."

The researcher took a multi-faceted approach to ensure their finding was not a fluke. Thankfully, the results of computer simulations, mean-field theory, a statistical theory of particles, and mathematical proofs based on linear algebra were all consistent. This strengthened the reliability of their finding, the first step in a new line of research.

"The extension of active matter to the quantum world has only recently begun, and many aspects are still open," says Takasan. "We would like to further develop the theory of quantum active matter and reveal its universal properties."
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Energy trades could help resolve Nile conflict | ScienceDaily
Scientists have shed light on a new, transformative approach that could help resolve a dispute over the Nile river's water resources.


						
The Nile is one of the longest rivers globally and spreads over 11 countries in East Africa, supplying water, energy production, environmental quality and cultural wealth. However, the use of Nile resources has been a long-standing source of tension, often overshadowing opportunities for cooperation and mutual benefit.

But as the demand for energy, water, and food in Africa is steadily increasing, the study, led by The University of Manchester in collaboration with regional organisations, offers a glimmer of hope at a resolution.

The research, published in the journal Nature Water, moves away from traditional water-centric agreements, and presents a detailed simulation of the combined energy-water system to reveal how different scenarios of international energy trades could help alleviate the Nile water conflict.

First author Dr Mikiyas Etichia from The University of Manchester, said: "Traditionally, water disputes in transboundary river basins like the Nile have been approached through a water-centric viewpoint. However, sharing benefits of water resources, such as hydro-generated electricity, crops and fisheries can result in a win-win situation."

Co-author Dr Mohammed Basheer, Assistant Professor at the University of Toronto, added: "In the Nile Basin, energy-river basin benefit-sharing projects have been implemented in the past at a small scale, but detailed tools like the one presented in the paper can help create actionable large-scale proposals."

At the heart of the dispute lies the Grand Ethiopian Renaissance Dam (GERD) -- a large dam on the Blue Nile River in Ethiopia constructed to improve Ethiopia's electricity access and to export electricity to neighbouring countries. The project sparked tensions between Ethiopia, Sudan and Egypt over water rights and access.




The simulator, designed by the scientists using open-source technology, covers 13 East African countries, including those within the Nile Basin, to model potential energy trade agreements between Ethiopia, Sudan, and Egypt.

By increasing electricity trade, countries can simultaneously address water deficits, boost hydropower generation, reduce energy curtailment, and cut greenhouse gas emissions.

Corresponding author Professor Julien Harou from The University of Manchester, said: "The energy trades tested in this study provide the countries a range of solutions that are likely in their national interest.

"The study highlights the value of detailed multisector simulation to unpick the complex interdependencies of large multi-country resource systems. Implementation of the arrangements proposed here would need to be further assessed from governance and legal perspectives to become viable proposals. If successful, they could contribute to sustainable resource management and regional stability.

"We are hopeful the new analytical tools or their results will be taken up by the negotiating parties."
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Tomography-based digital twins of Nd-Fe-B magnets | ScienceDaily
NIMS has succeeded in simulating the magnetization reversal of Nd-Fe-B magnets using large-scale finite element models constructed based on tomographic data obtained by electron microscopy. Such simulations have shed light on microstructural features that hinder the coercivity, which quantifies a magnet's resistance to demagnetization in opposing magnetic fields. New tomography-based models are expected to guide toward the development of sustainable permanent magnets with ultimate performance.


						
Green power generation, electric transportation, and other high-tech industries rely heavily on high-performance permanent magnets, among which the Nd-Fe-B magnets are the strongest and most in demand. The coercivity of industrial Nd-Fe-B magnets is far below its physical limit up to now. To resolve this issue, micromagnetic simulations on realistic models of the magnets can be employed.

A new approach to reconstruct the real microstructure of ultrafine-grained Nd-Fe-B magnets in large-scale models is proposed in this research. Specifically, the tomographic data from a series of 2D images obtained by scanning electron microscopy (SEM) in combination with consistent focused ion beam (FIB) polishing can be converted into a high-quality 3D finite element model. This tomography-based approach is universal and can be applied to other polycrystalline materials addressing a wide range of materials science problems.

Micromagnetic simulations on the tomography-based models reproduced the coercivity of ultrafine-grained Nd-Fe-B magnets and explained its mechanism. The microstructural features relevant to the coercivity and nucleation of magnetization reversal were revealed. Thus, the developed model can be considered as a digital twin of Nd-Fe-B magnets -- a virtual representation of an object designed to reflect its physics accurately.

The proposed digital twins of the Nd-Fe-B magnets are precise enough in reproducing both the microstructure and magnetic properties that can be implemented for the inverse problem in designing on-demand high-performance permanent magnets. For instance, when researchers input the magnetic properties required for a specific application (e.g., traction or variable magnetic force motor), a data-driven research pipeline with integrated digital twins will be able to propose the optimal composition, processing conditions, and microstructure of the magnet for that application, significantly reducing development time.
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Barcodes expand range of high-resolution sensor | ScienceDaily
The same geometric quirk that lets visitors murmur messages around the circular dome of the whispering gallery at St. Paul's Cathedral in London or across St. Louis Union Station's whispering arch also enables the construction of high-resolution optical sensors. Whispering-gallery-mode (WGM) resonators have been used for decades to detect chemical signatures, DNA strands and even single molecules.


						
In the same way that the architecture of a whispering gallery bends and focuses sound waves, WGM microresonators confine and concentrate light in a tiny circular path. This enables WGM resonators to detect and quantify physical and biochemical characteristics, making them ideal for high-resolution sensing applications in fields such as biomedical diagnostics and environmental monitoring. However, the broad use of WGM resonators has been limited by their narrow dynamic range as well as their limited resolution and accuracy.

In a recent study, Lan Yang, the Edwin H. & Florence G. Skinner Professor, and Jie Liao, a postdoctoral research associate, both in the Preston M. Green Department of Electrical & Systems Engineering in the McKelvey School of Engineering at Washington University in St. Louis, demonstrate a transformative approach to overcome these limitations: optical WGM barcodes for multimode sensing. Liao and Yang's innovative technique allows simultaneous monitoring of multiple resonant modes within a single WGM resonator, considering distinctive responses from each mode, vastly expanding the range of measurements achievable.

WGM sensing uses a specific wavelelength of light that can circulate around the perimeter of the microresonator millions of times. When the sensor encounters a molecule, the resonant frequency of the circulating light shifts. Researchers can then measure that shift to detect and identify the presence of specific molecules.

"Multimode sensing allows us to pick up multiple resonance changes in wavelength, rather than just one," Liao explained. "With multiple modes, we can expand optical WGM sensing to a greater range of wavelengths, achieve greater resolution and accuracy, and ultimately sense more particles."

Liao and Yang found the theoretical limit of WGM detection and used it to estimate the sensing capabilities of a multimode system. They compared conventional single-mode with multimode sensing and determined that while single-mode sensing is limited to very narrow range -- about 20 picometers (pm), constrained by the laser hardware -- the range for multimode sensing is potentially limitless using the same setup.

"More resonance means more information," Liao said. "We derived a theoretically infinite range, though we're practically limited by the sensing apparatus. In this study, the experimental limit we found was about 350 times larger with the new method than the conventional method for WGM sensing."

Commercial applications of multimode WGM sensing could include biomedical, chemical and environmental uses, Yang said. In biomedical applications, for instance, researchers could detect subtle changes in molecular interactions with unprecedented sensitivity to improve disease diagnosis and drug discovery. In environmental monitoring, with the capability to detect minute changes in environmental parameters such as temperature and pressure, multimode sensing could enable early warning systems for natural disasters or facilitate monitoring pollution levels in air and water.

This new technology also enables continuous monitoring of chemical reactions, as demonstrated in the recent experiments conducted by Yang's group. This capability holds promise for real-time analysis and control of chemical processes, offering potential applications in fields such as pharmaceuticals, materials science, and the food industry.

"WGM resonators' ultrahigh sensitivity lets us detect single particles and ions, but the potential of this powerful technology has not been fully utilized because we can't use this ultrasensitive sensor directly to measure a complete unknown," Liao added. "Multimode sensing enables that look into the unknown. By expanding our dynamic range to look at millions of particles, we can take on more ambitious projects and solve real-world problems."
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Imaging technique shows new details of peptide structures | ScienceDaily
A new imaging technique developed by engineers at Washington University in St. Louis can give scientists a much closer look at fibril assemblies, stacks of peptides like amyloid beta, most notably associated with Alzheimer's disease.


						
These cross-b fibril assemblies are also useful building blocks within designer biomaterials for medical applications, but their resemblance to their amyloid beta cousins, whose tangles are a symptom of neurodegenerative disease, is concerning. Researchers want to learn how different sequences of these peptides are linked to their varying toxicity and function, for both naturally occurring peptides and their synthetic engineered cousins.

Now, scientists can get a close enough look at fibril assemblies to see there are notable differences in how synthetic peptides stack compared with amyloid beta. These results stem from a fruitful collaboration between lead author Matthew Lew, associate professor in the Preston M. Green Department of Electrical & Systems Engineering, and Jai Rudra, associate professor of biomedical engineering, in WashU's McKelvey School of Engineering.

"We engineer microscopes to enable better nanoscale measurements so that the science can move forward," Lew said.

In a paper published in ACS Nano, Lew and colleagues outline how they used the Nile red chemical probe to light up cross-b fibrils. Their technique called single-molecule orientation-localization microscopy (SMOLM) uses the flashes of light from Nile red to visualize the fiber structures formed by synthetic peptides and by amyloid beta.

The bottom line: these assemblies are much more complicated and heterogenous than anticipated. But that's good news, because it means there's more than one way to safely stack your proteins. With better measurements and images of fibril assemblies, bioengineers can better understand the rules that dictate how protein grammar affects toxicity and biological function, leading to more effective and less toxic therapeutics.

First, scientists need to see the difference between them, something very challenging because of the tiny scale of these assemblies.




"The helical twist of these fibers is impossible to discern using an optical microscope, or even some super-resolution microscopes, because these things are just too small," Lew said.

With high-dimensional imaging technology developed in Lew's lab the past couple years, they are able to see the differences.

A typical fluorescence microscope uses florescent molecules as light bulbs to highlight certain aspects of a biological target. In the case of this work, they used one of those probes, Nile red, as a sensor for what was around it. As Nile red randomly explores its environment and collides with the fibrils, it emits flashes of light that they can measure to determine where the fluorescent probe is and its orientation. From that data, they can piece together the full picture of engineered fibrils that stack very differently from the natural ones like amyloid beta.

Their image of these fibril assemblies made the cover of the ACS Nano and was put together by first author Weiyan Zhou, who color-coded the image based on where the Nile reds were pointing. The resulting image is a blueish, red flowing assembly of peptides that looks like a river valley.

They plan to continue to develop techniques like SMOLM to open new avenues of studying biological structures and processes at the nanoscale.

"We are seeing things you can't see with existing technology," Lew said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240426165154.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New circuit boards can be repeatedly recycled | ScienceDaily
A recent United Nations report found that the world generated 137 billion pounds of electronic waste in 2022, an 82% increase from 2010. Yet less than a quarter of 2022's e-waste was recycled. While many things impede a sustainable afterlife for electronics, one is that we don't have systems at scale to recycle the printed circuit boards (PCBs) found in nearly all electronic devices.


						
PCBs -- which house and interconnect chips, transistors and other components -- typically consist of layers of thin glass fiber sheets coated in hard plastic and laminated together with copper. That plastic can't easily be separated from the glass, so PCBs often pile up in landfills, where their chemicals can seep into the environment. Or they're burned to extract their electronics' valuable metals like gold and copper. This burning, often undertaken in developing nations, is wasteful and can be toxic -- especially for those doing the work without proper protections.

A team led by researchers at the University of Washington developed a new PCB that performs on par with traditional materials and can be recycled repeatedly with negligible material loss. Researchers used a solvent that transforms a type of vitrimer -- a cutting-edge class of sustainable polymers -- to a jelly-like substance without damaging it, allowing the solid components to be plucked out for reuse or recycling.

The vitrimer jelly can then be repeatedly used to make new, high-quality PCBs, unlike conventional plastics that degrade significantly with each recycling. With these "vPCBs" (vitrimer printed circuit boards), researchers recovered 98% of the vitrimer and 100% of the glass fiber, as well as 91% of the solvent used for recycling.

The researchers published their findings April 26 in Nature Sustainability.

"PCBs make up a pretty large fraction of the mass and volume of electronic waste," said co-senior author Vikram Iyer, a UW assistant professor in the Paul G. Allen School of Computer Science & Engineering. "They're constructed to be fireproof and chemical-proof, which is great in terms of making them very robust. But that also makes them basically impossible to recycle. Here, we created a new material formulation that has the electrical properties comparable to conventional PCBs as well as a process to recycle them repeatedly."

Vitrimers are a class of polymers first developed in 2015. When exposed to certain conditions, such as heat above a specific temperature, their molecules can rearrange and form new bonds. This makes them both "healable" (a bent PCB could be straightened, for instance) and highly recyclable.




"On a molecular level, polymers are kind of like spaghetti noodles, which wrap and get compacted," said co-senior author Aniruddh Vashisth, a UW assistant professor in the mechanical engineering department. "But vitrimers are distinct because the molecules that make up each noodle can unlink and relink. It's almost like each piece of spaghetti is made of small Legos."

The team's process to create the vPCB deviated only slightly from those used for PCBs. Conventionally, semi-cured PCB layers are held in cool, dry conditions where they have a limited shelf life before they're laminated in a heat press. Because vitrimers can form new bonds, researchers laminated fully cured vPCB layers. The researchers found that to recycle the vPCBs they could immerse the material in an organic solvent that has a relatively low boiling point. This swelled the vPCB's plastic without damaging the glass sheets and electronic components, letting the researchers extract these for reuse.

This process allows for several paths to more sustainable, circular PCB lifecycles. Damaged circuit boards, such those with cracks or warping, can in some cases be repaired. If they aren't repaired, they can be separated from their electronic components. Those components can then be recycled or reused, while the vitrimer and glass fibers can get recycled into new vPCBs.

The team tested its vPCB for strength and electrical properties, and found that it performed comparable to the most common PCB material (FR-4). Vashisth and co-author Bichlien H. Nguyen, a principal researcher at Microsoft Research and an affiliate assistant professor in the Allen School, are now using artificial intelligence to explore new vitrimer formulations for different uses.

Producing vPCBs wouldn't entail major changes to manufacturing processes.

"The nice thing is that a lot of industries -- such as aerospace, automotive and even electronics -- already have processing set up for the sorts of two-part epoxies that we use here," said lead author Zhihan Zhang, a UW doctoral student in the Allen School.

The team analyzed the environmental impact and found recycled vPCBs could entail a 48% reduction in global warming potential and an 81% reduction in carcinogenic emissions compared to traditional PCBs. While this work presents a technology solution, the team notes that a significant hurdle to recycling vPCBs at scale would be creating systems and incentives to gather e-waste so it can be recycled.

"For real implementation of these systems, there needs to be cost parity and strong governmental regulations in place," said Nguyen. "Moving forward, we need to design and optimize materials with sustainability metrics as a first principle."

Additional co-authors include Agni K. Biswal, a UW postdoctoral scholar in the mechanical engineering department; Ankush Nandi, a UW doctoral student in the mechanical engineering department; Kali Frost, a senior applied scientist at Microsoft Research; Jake A. Smith, a senior researcher at Microsoft Research and an affiliate researcher in the Allen School; and Shwetak Patel, a UW professor in the Allen School and the electrical and computer engineering department. This research is funded by the Microsoft Climate Research Initiative, an Amazon Research Award and the Google Research Scholar Program. Zhang was supported by the UW Clean Energy Institute Graduate Fellowship.
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Getting dynamic information from static snapshots | ScienceDaily
Imagine predicting the exact finishing order of the Kentucky Derby from a still photograph taken 10 seconds into the race.


						
That challenge pales in comparison to what researchers face when using single-cell RNA-sequencing (scRNA-seq) to study how embryos develop, cells differentiate, cancers form, and the immune system reacts.

In a paper published today in Proceedings of the National Academy of Sciences, researchers from the UChicago Pritzker School of Molecular Engineering and the Chemistry Department have created TopicVelo, a powerful new method of using the static snapshots from scRNA-seq to study how cells and genes change over time.

The team took an interdisciplinary, collaborative approach, incorporating concepts from classical machine learning, computational biology, and chemistry.

"In terms of unsupervised machine learning, we use a very simple, well-established idea. And in terms of the transcriptional model we use, it's also a very simple, old idea. But when you put them together, they do something more powerful than you might expect," said PME Assistant Professor of Molecular Engineering and Medicine Samantha Riesenfeld, who wrote the paper with Chemistry Department Prof. Suriyanarayanan Vaikuntanathan and their joint student, UChicago Chemistry PhD candidate Cheng Frank Gao.

The trouble with pseudotime

Researchers use scRNA-seq to get measurements that are powerful and detailed, but by nature are static.




"We developed TopicVelo to infer cell-state transitions from scRNA-seq data," Riesenfeld said. "It's hard to do that from this kind of data because scRNA-seq is destructive. When you measure the cell this way, you destroy the cell."

This leaves researchers a snapshot of the moment the cell was measured/destroyed. While scRNA-seq gives the best available transcriptome-wide snapshot, the information many researchers need, however, is how the cells transition over time. They need to know how a cell becomes cancerous or how a particular gene program behaves during an immune response.

To help figure out dynamic processes from a static snapshot, researchers traditionally use what's called "pseudotime." It's impossible to watch an individual cell or gene's expression change and grow in a still image, but that image also captured other cells and genes of the same type that might be a little further on in the same process. If the scientists connect the dots correctly, they can gain powerful insights into how the process looks over time.

Connecting those dots is difficult guesswork, based on the assumption that similar-looking cells are just at different points along the same path. Biology is much more complicated, with false starts, stops, bursts, and multiple chemical forces tugging on each gene.

Instead of traditional pseudotime approaches, which look at the expression similarity among the transcriptional profiles of cells, RNA velocity approaches look at the dynamics of transcription, splicing and degradation of the mRNA within those cells.

It's a promising but early technology.




"The persistent gap between the promise and reality of RNA velocity has largely restricted its application," the authors wrote in the paper.

To bridge this gap, TopicVelo puts aside deterministic models, embracing -- and gleaning insights from -- a far more difficult stochastic model that reflects biology's inescapable randomness.

"Cells, when you think about them, are intrinsically random," said Gao, the first author on the paper. "You can have twins or genetically identical cells that will grow up to be very different. TopicVelo introduces the use of a stochastic model. We're able to better capture the underlying biophysics in the transcription processes that are important for mRNA transcription."

Machine learning shows the way

The team also realized that another assumption limits standard RNA velocity. "Most methods assume that all cells are basically expressing the same big gene program, but you can imagine that cells have to do different kinds of processes simultaneously, to varying degrees," Riesenfeld said. Disentangling these processes is a challenge.

Probabilistic topic modeling -- a machine learning tool traditionally used to identify themes from written documents -- provided the UChicago team with a strategy. TopicVelo groups scRNA-seq data not by the types of cell or gene, but by the processes those cells and genes are involved in. The processes are inferred from the data, rather than imposed by external knowledge.

"If you look at a science magazine, it will be organized along topics like 'physics,' 'chemistry' and 'astrophysics,' these kinds of things," Gao said. "We applied this organizing principle to single-cell RNA-sequencing data. So now, we can organize our data by topics, like 'ribosomal synthesis,' 'differentiation,' 'immune response,' and 'cell cycle'. And we can fit stochastic transcriptional models specific to each process."

After TopicVelo disentangles this kludge of processes and organizes them by topic, it applies topic weights back onto the cells, to account for what percentage of each cell's transcriptional profile is involved in which activity.

According to Riesenfeld, "This approach helps us look at the dynamics of different processes and understand their importance in different cells. And that's especially useful when there are branch points, or when a cell is pulled in different directions."

The results of combining the stochastic model with the topic model are striking. For example, TopicVelo was able to reconstruct trajectories that previously required special experimental techniques to recover. These improvements greatly broaden potential applications.

Gao compared the paper's findings to the paper itself -- the product of many areas of study and expertise.

"At PME, if you have a chemistry project, chances are there's a physics or engineering student working on it," he said. "It's never just chemistry."
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Surprising evolutionary pattern in yeast study | ScienceDaily
University of North Carolina at Charlotte Assistant Professor of Bioinformatics Abigail Leavitt LaBella has co-led an ambitious research study -- published in the widely influential journal Science -- that reports intriguing findings made through innovative artificial intelligence analysis about yeasts, the small fungi that are key contributors to biotechnology, food production and human health. The findings challenge accepted frameworks within which yeast evolution is studied and provide access to an incredibly rich yeast analysis dataset that could have major implications for future evolutionary biology and bioinformatics research.


						
LaBella, who joined UNC Charlotte's Department of Bioinformatics in the College of Computing and Informatics as an assistant professor and researcher at the North Carolina Research Campus in 2022, conducted the study with co-lead author Dana A. Opulente of Villanova University. They collaborated with fellow researchers from Vanderbilt University and the University of Wisconsin at Madison, along with colleagues from research institutions across the globe.

This is the flagship study of the Y1000+ Project, a massive inter-institutional yeast genome sequencing and phenotyping endeavor that LaBella joined as a postdoctoral researcher at Vanderbilt University.

"Yeasts are single-celled fungi that play critical roles in our everyday lives. They make bread and beer, are used in the production of medicine, can cause infection, and as close relatives to animals have helped us learn about how cancer works," said LaBella. "We wanted to know how these small fungi have evolved to have such an incredible range of functions and features. With the characterization of over one thousand yeasts, we found that yeasts do not fit the adage 'jack of all trades, master of none.'"

This study contributes to basic understanding of how the microbes change over time while generating more than 900 new genome sequences for yeasts -- many of which could be leveraged in biofungal fields such as agricultural pest control, drug development and biofuels production.

LaBella and her co-authors -- through an artificial intelligence-assisted, machine-learning analysis of the Y1000+ Project's dataset comprising 1,154 strains of the ancient, single-cell yeast Saccaromycotina -- attempted to answer an important question. That is: Why do some yeasts eat (or metabolize) only a few types of carbon for energy while others can eat more than a dozen?

The total number of carbon sources used by a yeast for energy is known in ecological terms as its carbon niche-breadth. Humans also vary in their carbon niche breadth -- for example, some people can metabolize lactose while others cannot.




Evolutionary biology research has supported two key overarching paradigms about niche breadth, the phenomenon explaining why some yeast organisms ("specialists") evolve to be able to metabolize only a small number of carbon forms as fuel while others ("generalists") evolve to be able to consume and grow on a broad variety of carbon forms. One of these paradigms illustrates that being a generalist comes with certain trade-offs compared to being a specialist. Notably, in the latter case, the ability to process a wide range of carbon forms comes at the expense of the yeast's capacity to process and grow on each carbon form efficiently. The second is that these yeast specialists and generalists evolve to fit either profile due to the combined effects of different intrinsic traits of their respective genomes and different extrinsic influences based on the varying environments in which yeast organisms exist.

LaBella and her colleagues found ample evidence supporting the idea that there are identifiable, intrinsic genetic differences in yeast specialists versus generalists, specifically that generalists tend to have a larger total number of genes than specialists. For example, they found that generalists are more likely to be able to synthesize carnitine, a molecule that is involved in energy production and often sold as an exercise supplement.

But unexpectedly, their research found very limited evidence for the anticipated evolutionary trade-off of a yeast's ability to process many forms of carbon coming at the expense of its ability to do so efficiently and grow accordingly, and vice versa.

"We saw that the yeasts that could grow on lots of carbon substrates are actually very good growers," said LaBella. "That was a very surprising finding to us."

While the findings of this specific experiment and the innovative machine-learning mechanisms used in its analysis could have major implications for bioinformatics, ecology, metabolics and evolutionary biology, the publishing of this study means that the Y1000+ Project's massive compendium of yeast data is now available for scholars worldwide to use as a starting point to amplify their own yeast research.

"This dataset will be a huge resource going forward," said LaBella.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240426165028.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Technology News
          
          	
            Sections
          
          	
            Society News
          
        

      

      Environment News

      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Medical school scientist creates therapy to kill hypervirulent bacteria
        Researchers are on a mission to kill drug-resistant bacteria, and a new study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.Researchers have shown that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pne...

      

      
        Microneedles and suction cup for blood diagnostics, modeled on leeches
        A new device for taking blood samples uses microneedles and a suction cup instead of a large needle. People with a phobia of needles stand to benefit. More blood can be obtained than with the classic finger prick, making diagnostic measurements more reliable. Because the device can be produced at low cost, it is also suitable for developing countries.

      

      
        Therapy to kill hypervirulent bacteria developed
        A study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics. Scientists showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include ...

      

      
        75,000-year-old female Neanderthal from cave where species buried their dead
        A new documentary has recreated the face of a 75,000-year-old female Neanderthal whose flattened skull was discovered and rebuilt from hundreds of bone fragments by a team of archaeologists and conservators.

      

      
        Archaea can be picky parasites
        A parasite that not only feeds of its host, but also makes the host change its own metabolism and thus biology. Microbiologists have shown this for the very first time in a specific group of parasitic microbes, so-called DPANN archea. Their study shows that these archaea are very 'picky eaters', which might drive their hosts to change the menu.

      

      
        EPA underestimates methane emissions from landfills, urban areas
        The Environmental Protection Agency (EPA) is underestimating methane emissions from landfills, urban areas and U.S. states, according to a new study. The researchers combined 2019 satellite observations with an atmospheric transport model to generate a high-resolution map of methane emissions, which was then compared to EPA estimates from the same year. The researchers found: Methane emissions from landfills are 51% higher compared to EPA estimates Methane emissions from 95 urban areas are 39% hi...

      

      
        Feathers, cognition and global consumerism in colonial Amazonia
        Amazonia is the home of the largest variety of birds in the world. In such a unique environment, craft cultures have flourished by translating the beauty and creativity of environmental materials like feathers into stunning pieces of art. A new article examines artisanal featherwork within the context of early modern colonialism and globalization.

      

      
        Identifying risks of human flea infestations in plague-endemic areas of Madagascar
        Researchers uncover why some homes in rural Madagascar where bubonic plague is endemic are infested with fleas. Based on their findings, they recommend ways to reduce the flea populations and their impact on human health.

      

      
        Key functions of therapeutically promising jumbo viruses
        Viruses known as 'jumbo' phages are seen as a potential tool against deadly bacterial infections. But scientists must first decipher the extraordinary makeup of these mysterious viruses. Researchers have now uncovered a key piece of jumbo phage development that helps them counter bacteria.

      

      
        Mystery behind huge opening in Antarctic sea ice solved
        Researchers have discovered the missing piece of the puzzle behind a rare opening in the sea ice around Antarctica, which was nearly twice the size of Wales and occurred during the winters of 2016 and 2017. A study reveals a key process that had eluded scientists as to how the opening, called a polynya, was able to form and persist for several weeks.

      

      
        Roadmap to close the carbon cycle
        Reaching net-zero carbon emissions goals requires finding transformative paths to manage carbon in difficult-to-electrify economic sectors.

      

      
        Why you can taste more ethanol in a cold pint of beer or warm glass of baijiu
        We all have our own preferred drinking temperatures for different alcoholic beverages, with people commonly enjoying beer or white wine chilled, red wine near room temperature, or baijiu (Chinese whisky) or sake warmed. Now, researchers report that alcoholic beverages may taste more or less 'ethanol-like' at different temperatures, and this may be explained by how water and ethanol form either chain-like or pyramid-shaped clusters at the molecular level.

      

      
        Father's gut microbes affect the next generation
        Researchers changed the composition of the gut microbiota in male mice through common antibiotics, inducing a condition called dysbiosis, and found that: - Mouse pups sired by a dysbiotic father show significantly lower birth weight, and have increased risk of growth disorders and postnatal mortality.

      

      
        Calcium can protect potato plants from bacterial wilt
        Scientists have discovered that calcium plays a significant role in enhancing the resistance of potato plants to bacterial wilt.

      

      
        Every breath you take: Study models the journey of inhaled plastic particle pollution
        With recent studies having established the presence of nano and microplastic particles in the respiratory systems of both human and bird populations, new research has modeled what happens when people breathe in different kinds of plastic particles and where they end up.

      

      
        Revised dating of the Liujiang skeleton renews understanding of human occupation of China
        Researchers have provided new age estimates and revised provenance information for the Liujiang human fossils, shedding light on the presence of Homo sapiens in the region. Using advanced dating techniques including U-series dating on human fossils, and radiocarbon and optically stimulated luminescence dating on fossil-bearing sediments, the study revealed new ages ranging from approximately 33,000 to 23,000 years ago. Previously, studies had reported ages of up to 227,000 years of age for the sk...

      

      
        New Japanese lily species identified, 1st addition to sukashiyuri group in 110 years
        For the first time since 1914, a new species of the Japanese lily known as sukashiyuri has been identified. A research team analyzed the morphology and DNA of these lilies and has revised the conventional classification from four taxonomic groups to eight.

      

      
        Improved AI process could better predict water supplies
        A new computer model uses a better artificial intelligence process to measure snow and water availability more accurately across vast distances in the West, information that could someday be used to better predict water availability for farmers and others. The researchers predict water availability from areas in the West where snow amounts aren't being physically measured.

      

      
        Novel genetic plant regeneration approach without the application of phytohormones
        Conventional plant regeneration approaches by cell culture require the external application of plant growth regulators, including hormones. However, optimizing culture conditions can be laborious. Now, researchers have developed a novel plant regeneration system that omits the need for hormone application by genetically regulating the expression of genes that control plant cell differentiation. Their work holds significant potential in the development of genetically modified plants in a simpler a...

      

      
        Activity in a room stirs up nanoparticles left over from consumer sprays
        Common household products containing nanoparticles -- grains of engineered material so miniscule they are invisible to the eye -- could be contributing to a new form of indoor air pollution, according to a new study.

      

      
        Astronomers share climate-friendly meeting solutions
        Carbon emissions associated with air travel to professional conferences make up a sizable fraction of the emissions produced by researchers in academia.

      

      
        Scientists show ancient village adapted to drought, rising seas
        Researchers have unveiled evidence for ancient human resilience to climate change in the Eastern Mediterranean.

      

      
        Is it time to retire the best-before date?
        The inventors of a suite of tests that enable food packages to signal if their contents are contaminated are working to bring producers and regulators together to get their inventions into commercial products, with the goal of preventing illness and reducing food waste.

      

      
        Missing link in species conservation: Pharmacists, chemists could turn tide on plant, animal extinction
        As the world faces the loss of a staggering number of species of animals and plants to endangerment and extinction, one scientist has an urgent message: Chemists and pharmacists should be key players in species conservation efforts.

      

      
        Researchers develop an AI model to reduce uncertainty in evapotranspiration prediction
        Evapotranspiration (ET) includes evaporation from soil and open water pools such as lakes, rivers, and ponds, as well as transpiration from plant leaves. The difference between precipitation and ET indicates the water balance available for societal needs, including agricultural and industrial production. However, measuring ET is challenging. A new study presents a computer model that uses artificial intelligence (AI) for ET prediction based on remote sensing estimates.

      

      
        Climate change and mercury pollution stressed plants for millions of years
        The link between massive flood basalt volcanism and the end-Triassic (201 million years ago) mass-extinction is commonly accepted. However, exactly how volcanism led to the collapse of ecosystems and the extinction of entire families of organisms is difficult to establish. Extreme climate change from the release of carbon dioxide, degradation of the ozone layer due to the injection of damaging chemicals, and the emissions of toxic pollutants, are all seen as contributing factors. One toxic elemen...

      

      
        Low-intensity grazing is locally better for biodiversity but challenging for land users, a new study shows
        A team of researchers has investigated the motivation and potential incentives for and challenges of low-intensity grazing among farmers and land users in Europe.

      

      
        Methane emissions from landfill could be turned into sustainable jet fuel in plasma chemistry leap
        Researchers have developed a chemical process using plasma that could create sustainable jet fuel from methane gas emitted from landfills, potentially creating a low-carbon aviation industry.

      

      
        Big data reveals true climate impact of worldwide air travel
        A new study that looked at nearly 40 million flights in 2019 calculated the greenhouse gas emissions from air travel for essentially every country on the planet. At 911 million tons, the total emissions from aviation are 50 per cent higher than the 604 million tons reported to the United Nations for that year.

      

      
        New and improved way to grow the cells that give rise to the kidney's filtration system
        Scientists report significant progress in cultivating nephron progenitor cells (NPCs), the cells destined to form the kidney's filtration system, the nephrons. NPCs hold immense promise for understanding kidney development, modeling diseases, and discovering new treatments. The team improved the chemical cocktail for generating and growing NPCs in the laboratory, enabling the sustained growth of both mouse and human NPCs in a simple 2-dimensional format.

      

      
        Biodegradable 'living plastic' houses bacterial spores that help it break down
        A new type of bioplastic could help reduce the plastic industry's environmental footprint. Researchers have developed a biodegradable form of thermoplastic polyurethane (TPU) filled with bacterial spores that, when exposed to nutrients present in compost, germinate and break down the material at the end of its life cycle.

      

      
        Researchers parse oddity of distantly related bats in Solomon Islands that appear identical
        A study of body size in leaf-nosed bats of the Solomon Islands has revealed surprising genetic diversity among nearly indistinguishable species on different islands.

      

      
        Protecting endangered monkeys from poachers, habitat loss
        The 17 species of red colobus monkey living across Africa, including in the Tai Project field station region, have been singled out by scientists as a priority conservation target. Protection of these monkeys, they assert, can be expected to produce benefits throughout tropical African forests where hunting and climate change have led to dramatic wildlife and habitat loss.

      

      
        How evolving landscapes impacted First Peoples' early migration patterns into Australia
        Scientists have applied a dynamic model of the landscape to patterns of human migration into Sahul, the combined continent of Australia, Tasmania and New Guinea.

      

      
        A virus could help save billions of gallons of wastewater produced by fracking
        An estimated 168 billion gallons of wastewater -- or produced water -- is generated annually by the Permian Basin fracking industry, according to a 2022 report. The major waste stream has proved both difficult and costly to treat because of the chemical complexity of the water.

      

      
        Discovery of mechanism plants use to change seed oil could impact industrial, food oils
        Researchers have discovered a new mechanism of oil biosynthesis and found a way to genetically engineer a type of test plant to more efficiently produce different kinds of seed oil that it otherwise wouldn't make. While the engineering is proof-of-concept, this discovery could lead to improved production of valuable oils used in food and by a range of industries. The modified plant overcame metabolic bottlenecks and produced significant amounts of an oil similar to castor oil that it doesn't natu...

      

      
        Unlocking the genetic mysteries behind plant adaptation: New insights into the evolution of a water-saving trait in the pineapple family (bromeliaceae)
        Researchers have achieved a breakthrough in understanding how genetic drivers influence the evolution of a specific photosynthesis mechanism in Tillandsia (air plants). This sheds light on the complex actions that cause plant adaptation and ecological diversity.

      

      
        Childcare pick-up: A 1-hour window to build healthier eating habits
        After-care food and drink accounted for about 22% of the day's added sugar and about one-third of the sweet and salty snack foods the children ate, according to a new study.

      

      
        Cranberry extracts could boost microbiota and counter cardiometabolic diseases
        Cranberry extracts appear to improve intestinal microbiota and help prevent chronic diseases such as diabetes and cardiovascular diseases. The study reported beneficial effects after only four days of use.

      

      
        New technology makes 3D microscopes easier to use, less expensive to manufacture
        3D microscopes are used in applications from the life sciences to semiconductor manufacturing. Now engineers are developing patented and patent-pending innovations making them work faster to capture even more 3D images and less expensive to manufacture.

      

      
        Trotting robots reveal emergence of animal gait transitions
        A four-legged robot trained with machine learning has learned to avoid falls by spontaneously switching between walking, trotting, and pronking -- a milestone for roboticists as well as biologists interested in animal locomotion.

      

      
        E-bike incentives prove to be worth the investment
        Electric bicycle rebates have exploded in popularity in North America as transportation planners try to get people out of their cars and into healthier, more climate-friendly alternatives. However, questions remain: Are new cycling habits sustainable? Who benefits most from these incentives? And are they worth the cost? Researchers now have some answers.

      

      
        The double-fanged adolescence of saber-toothed cats
        How did North America's saber-toothed cats hunt without breaking their unwieldy saber-like canines, which are vulnerable to sideways bending stresses? A paleontologist provides mechanical evidence that during adolescence, when young cats were learning to hunt, their baby teeth remained in place for up to 30 months to laterally buttress the emerging permanent sabers. By the time the baby teeth fell out, presumably the adult cat knew how to protect its sabers during attacks.

      

      
        Fading lights: Multiple threats to North America's firefly populations
        Scientists have applied a data-driven approach to understanding firefly population dynamics on a continental scale. Key findings from this new study indicate that fireflies, part of the beetle order, are sensitive to various environmental factors, from short-term weather conditions to longer climatic trends, including the number of growing-degree days related to temperature accumulations.

      

      
        Research on RNA editing illuminates possible lifesaving treatments for genetic diseases
        The research explores how CRISPR can be used to edit RNA.

      

      
        Long snouts protect foxes when diving headfirst in snow
        When hunting for mice in winter, red and arctic fox are known to plunge headfirst at speeds of 2-4 meters per second, but their sharp noses reduce the impact force in snow and protect them from injury, according to a new study.

      

      
        Laser imaging could offer early detection for at-risk artwork
        A bright yellow pigment favored a century ago by Impressionists such as Matisse and Van Gogh is losing its luster. Researchers have developed a laser imaging technique that can detect the first tiny signs of the pigment's breakdown before they're visible to the eye. The work could help art conservators take earlier steps to make the color last.

      

      
        One in eight grown-ups love extreme tartness
        For most people, biting into a lemon would leave them puckered up and desperate to lose that sour flavor, but a new study revealed that roughly one in eight adults like intensely sour sensations. The cross-cultural study demonstrated there is a subset of 'sour likers' who enjoy exceptionally sour foods.

      

      
        Possible alternative to antibiotics produced by bacteria
        Many bacteria produce substances to gain an advantage over competitors in their highly competitive natural environment. Researchers have discovered a new so-called lantibiotic, namely epilancin A37. It is produced by staphylococci that colonize the skin and acts specifically against their main competitors there, the corynebacteria. This specificity is presumably mediated by a very special mechanism of action, which the researchers were able to decipher in detail.

      

      
        More plants on the menu of ancient hunter-gatherers
        It has long been thought that meat played an important role in the diet of hunter-gatherers before the Neolithic transition. However, due to the scarcity of well-preserved human remains from Paleolithic sites, little information exists about the dietary habits of pre-agricultural human groups. A new study challenges this notion by presenting compelling isotopic evidence of a strong preference for plants among 15,000-year-old hunter-gatherers from Morocco. This is the first time a significant amou...
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Medical school scientist creates therapy to kill hypervirulent bacteria | ScienceDaily
University of Central Florida College of Medicine researcher Renee Fleeman is on a mission to kill drug-resistant bacteria, and her latest study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.


						
In a study published recently in Cell Reports Physical Science, Fleeman showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include seniors and patients with other health problems such as diabetes, cancer, kidney failure and liver disease. However, younger adults and people without additional health problems can acquire urinary tract and wound infections from the bacteria that cannot be treated by antibiotics available today.

The CDC reports that antibiotic resistant bacteria are a growing global health threat. A 2019 study found that nearly 5 million people died worldwide that year from drug-resistant infections. A large portion of those deaths are attributable to K. pneumoniae because it has a 50% death rate without antibiotic therapy.

These bacteria are more resistant to drugs when they live in a biofilm -- microorganisms that stick together and are embedded in a protective slime. Recent studies have shown that 60-80% of infections are associated with bacteria biofilms, which increase their drug resistance.

"It's Iike a coat that bacteria put around itself," Fleeman says.

Her research is examining ways to remove the protective coat and expose the bacteria so it can be killed by the body's immune system or antibiotics that currently cannot pass through the biofilm. Through that research, Fleeman discovered how the peptides made by cows can quickly kill K. pneumoniae.

She determined that the peptides interact with sugar connections that keep the slime intact. She likened the process to cutting into a chain-linked fence. Once multiple chains are cut, the integrity of the slime structure is damaged, and the peptide can enter and destroy the bacteria that are no longer protected.




"Our research has shown polyproline peptide can penetrate and begin to break the slime barrier down in as little as an hour after treatment," says Fleeman.

The peptide has another advantage -- once it breaks through the protective slime barrier, tests showed it killed the bacteria better than antibiotics used as a last resort to treat incurable infections. Peptides kill the bacteria by punching holes in their cell membrane, causing death quickly compared to other antibiotics that inhibit growth from inside the cell.

The peptide could also be used as a topical treatment for a wide range of uses, especially for the military, to treat open wounds in the field. "Bacteria divide every 30 minutes, so you have to act fast," Fleeman says.

The next phase of her research will seek to understand the biology behind the peptide's efficacy and if combinations of other drugs would aid in its application.

Her research is funded through a three-year National Institutes of Health funding Pathway to Independence R00 grant and is in its second year. Her study initially started as a K99 award at University of Texas at Austin, where she worked before joining UCF in September of 2022.

Fleeman says research into resistant infections must continue because they pose such a threat to health.

"It is estimated that by 2050, antibiotic resistant bacterial infections will be the number one cause of human deaths," she says. "Our work is focused on preparing for this post-antibiotic era battle, where common antibiotics that we take for granted will no longer be effective, jeopardizing cancer therapy, organ transplants, and any modern medical advancement that relies on effective antibiotic therapies."
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Microneedles and suction cup for blood diagnostics, modeled on leeches | ScienceDaily
Many people are afraid of needles, and having a doctor take a blood sample from their arm makes them uncomfortable. There is an alternative: a prick to the fingertip or earlobe. But for many laboratory tests, the drop of blood that can be obtained from these places is not enough. Above all, however, tests done with them are often inaccurate: laboratory values fluctuate from measurement to measurement.


						
Researchers at ETH Zurich have now developed a new device for taking blood samples. It works according to the leech principle and is less invasive than taking blood from the arm with a needle. It is also easy to handle and can be used by people without medical training. Although the new device cannot collect as much blood as a needle, it can collect significantly more than a finger prick. This makes diagnostic measurements more reliable.

Low risk of injury

The ETH researchers came up with the idea for the new device while previously developing something else: a suction cup that transports medication into the blood via the mucous membrane lining the inside of the mouth. "For this earlier project, we had already studied leeches, which attach to their host with a sucker. We realised that we could develop a similar system to collect blood," says David Klein, a doctoral student in the group led by Jean-Christophe Leroux, Professor of Drug Formulation and Delivery at ETH Zurich.

After leeches have attached themselves, they penetrate the host's skin with their teeth. To suck blood from the wound, they create negative pressure by swallowing. The new device works in a very similar way: A suction cup measuring about two and a half centimetres is attached to the patient's upper arm or back. Within the cup are a dozen microneedles that puncture the skin when pressed against it. Within a few minutes, the negative pressure in the suction cup has ensured that sufficient blood has been collected to be used for diagnostic tests.

The new device is very cost-effective to produce, says Nicole Zoratto, a postdoc in Leroux's group. She led the work on this development and is lead author of the study published in the journal Advanced Science. Zoratto also sees a future application for the new device in low-income regions such as sub-Saharan Africa, where it could play a major part in the fight against tropical diseases such as malaria. Diagnosing malaria involves taking blood from the patients.

Another advantage of the new device is that the microneedles are located within the suction cup. This minimises the risk of injury during the application and after disposal compared to blood sampling with conventional needles.




In the current version of the leech-like device, the suction cup is made of silicone and the microneedles concealed within are made of steel. However, the researchers are in the process of developing a new version made using fully biodegradable materials to create a sustainable product.

Seeking a partner for market launch

The researchers have tested their new device on pigs, and they have made comprehensive manufacturing information.

Before the device can be widely used on humans -- in malaria regions and elsewhere -- the material composition still needs to be optimised. And above all, safe use must be tested with a small group of test subjects. As such studies are complex and expensive, the research group is still looking for a partner for further funding, for example a charitable foundation. They hope that their new leech devices will soon be able to play a part in the health of children and anyone else who is afraid of needles.
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Therapy to kill hypervirulent bacteria developed | ScienceDaily
University of Central Florida College of Medicine researcher Renee Fleeman is on a mission to kill drug-resistant bacteria, and her latest study has identified a therapy that can penetrate the slime that such infections use to protect themselves from antibiotics.


						
In a study published recently in Cell Reports Physical Science, Fleeman showed that an antimicrobial peptide from cows has potential for treating incurable infections from the bacterium Klebsiella pneumoniae. The bacteria, commonly found in the intestines, is usually harmless. It becomes a health hazard when it enters other parts of the body and can cause pneumonia, urinary tract and wound infections. Those at highest risk include seniors and patients with other health problems such as diabetes, cancer, kidney failure and liver disease. However, younger adults and people without additional health problems can acquire urinary tract and wound infections from the bacteria that cannot be treated by antibiotics available today.

The CDC reports that antibiotic resistant bacteria are a growing global health threat. A 2019 study found that nearly 5 million people died worldwide that year from drug-resistant infections. A large portion of those deaths are attributable to K. pneumoniae because it has a 50% death rate without antibiotic therapy.

These bacteria are more resistant to drugs when they live in a biofilm -- microorganisms that stick together and are embedded in a protective slime. Recent studies have shown that 60-80% of infections are associated with bacteria biofilms, which increase their drug resistance.

"It's Iike a coat that bacteria put around itself," Fleeman says.

Her research is examining ways to remove the protective coat and expose the bacteria so it can be killed by the body's immune system or antibiotics that currently cannot pass through the biofilm. Through that research, Fleeman discovered how the peptides made by cows can quickly kill K. pneumoniae.

She determined that the peptides interact with sugar connections that keep the slime intact. She likened the process to cutting into a chain-linked fence. Once multiple chains are cut, the integrity of the slime structure is damaged, and the peptide can enter and destroy the bacteria that are no longer protected.




"Our research has shown polyproline peptide can penetrate and begin to break the slime barrier down in as little as an hour after treatment," says Fleeman.

The peptide has another advantage -- once it breaks through the protective slime barrier, tests showed it killed the bacteria better than antibiotics used as a last resort to treat incurable infections. Peptides kill the bacteria by punching holes in their cell membrane, causing death quickly compared to other antibiotics that inhibit growth from inside the cell.

The peptide could also be used as a topical treatment for a wide range of uses, especially for the military, to treat open wounds in the field. "Bacteria divide every 30 minutes, so you have to act fast," Fleeman says.

The next phase of her research will seek to understand the biology behind the peptide's efficacy and if combinations of other drugs would aid in its application.

Her research is funded through a three-year National Institutes of Health funding Pathway to Independence R00 grant and is in its second year. Her study initially started as a K99 award at University of Texas at Austin, where she worked before joining UCF in September of 2022.

Fleeman says research into resistant infections must continue because they pose such a threat to health.

"It is estimated that by 2050, antibiotic resistant bacterial infections will be the number one cause of human deaths," she says. "Our work is focused on preparing for this post-antibiotic era battle, where common antibiotics that we take for granted will no longer be effective, jeopardizing cancer therapy, organ transplants, and any modern medical advancement that relies on effective antibiotic therapies."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240501193701.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



75,000-year-old female Neanderthal from cave where species buried their dead | ScienceDaily
A new documentary has recreated the face of a 75,000-year-old female Neanderthal whose flattened skull was discovered and rebuilt from hundreds of bone fragments by a team of archaeologists and conservators led by the University of Cambridge.


						
The team excavated the female Neanderthal in 2018 from inside a cave in Iraqi Kurdistan where the species had repeatedly returned to lay their dead to rest. The cave was made famous by work in the late 1950s that unearthed several Neanderthals which appeared to have been buried in succession.

'Secrets of the Neanderthals', produced by BBC Studios Science Unit, is released on Netflix worldwide. The documentary follows the team led by the universities of Cambridge and Liverpool John Moores as they return to Shanidar Cave to continue excavations.

"The skulls of Neanderthals and humans look very different," said Dr Emma Pomeroy, a palaeo-anthropologist from Cambridge's Department of Archaeology, who features in the new film.

"Neanderthal skulls have huge brow ridges and lack chins, with a projecting midface that results in more prominent noses. But the recreated face suggests those differences were not so stark in life.

"It's perhaps easier to see how interbreeding occurred between our species, to the extent that almost everyone alive today still has Neanderthal DNA."

Neanderthals are thought to have died out around 40,000 years ago, and the discoveries of new remains are few and far between. The Neanderthal featured in the documentary is the first from the cave for over fifty years, and perhaps the best preserved individual to be found this century.




While earlier finds were numbered, this one is called Shanidar Z, although researchers think it may be the top half of an individual excavated in 1960.

The head had been crushed, possibly by rockfall, relatively soon after death -- after the brain decomposed but before the cranium filled with dirt -- and then compacted further by tens of thousands of years of sediment.

When archaeologists found it, the skull was flattened to around two centimetres thick.

The team carefully exposed the remains, including an articulated skeleton almost to the waist, and used a glue-like consolidant to strengthen the bones and surrounding sediment. They removed Shanidar Z in dozens of small foil-wrapped blocks from under seven and a half metres of soil and rock within the heart of the cave.

In the Cambridge lab, researchers took micro-CT scans of each block before gradually diluting the glue and using the scans to guide extraction of bone fragments. Lead conservator Dr Lucia Lopez-Polin pieced over 200 bits of skull together freehand to return it to its original shape, including upper and lower jaws.

"Each skull fragment is gently cleaned while glue and consolidant are re-added to stabilise the bone, which can be very soft, similar in consistency to a biscuit dunked in tea," said Pomeroy. "It's like a high stakes 3D jigsaw puzzle. A single block can take over a fortnight to process."

The team even referred to forensic science -- studies on how bones shift after blunt force trauma and during decomposition -- to help them understand if remains had been buried, and the ways in which teeth had pinged from jawbones.




The rebuilt skull was surface scanned and 3D-printed, forming the basis of a reconstructed head created by world-leading palaeoartists and identical twins Adrie and Alfons Kennis, who built up layers of fabricated muscle and skin to reveal a face.

New analysis strongly suggests that Shanidar Z was an older female, perhaps in her mid-forties according to researchers -- a significant age to reach so deep in prehistory.

Without pelvic bones, the team relied on sequencing tooth enamel proteins to determine her sex. Teeth were also used to gauge her age through levels of wear and tear -- with some front teeth worn down to the root. At around five feet tall, and with some of the smallest adult arm bones in the Neanderthal fossil record, her physique also implies a female.

While remnants of at least ten separate Neanderthals have now come from the cave, Shanidar Z is the fifth to be found in a cluster of bodies buried at a similar time in the same location: right behind a huge vertical rock, over two metres tall at the time, which sits in the centre of the cave.

The rock had come down from the ceiling long before the bodies were interred. Researchers say it may have served as a landmark for Neanderthals to identify a particular site for repeated burials.

"Neanderthals have had a bad press ever since the first ones were found over 150 years ago," said Professor Graeme Barker from Cambridge's McDonald Institute for Archaeological Research, who leads the excavations at the cave.

"Our discoveries show that the Shanidar Neanderthals may have been thinking about death and its aftermath in ways not so very different from their closest evolutionary cousins -- ourselves."

The other four bodies in the cluster were discovered by archaeologist Ralph Solecki in 1960. One was surrounded by clumps of ancient pollen. Solecki and pollen specialist Arlette Leroi-Gourhan argued the finds were evidence of funerary rituals where the deceased was laid to rest on a bed of flowers.

This archaeological work was among the first to suggest Neanderthals were far more sophisticated than the primitive creatures many had assumed, based on their stocky frames and ape-like brows.

Decades later, the Cambridge-led team retraced Solecki's dig, aiming to use the latest techniques to retrieve more evidence for his contentious claims, as well as the environment and activities of the Neanderthals and later modern humans who lived there, when they uncovered Shanidar Z.

"Shanidar Cave was used first by Neanderthals and then by our own species, so it provides an ideal laboratory to tackle one of the biggest questions of human evolution," said Barker.

"Why did Neanderthals disappear from the stage around the same time as Homo sapiens spread over regions where Neanderthals had lived successfully for almost half a million years?"

A study led by Professor Chris Hunt of Liverpool John Moores University now suggests the pollen was left by bees burrowing into the cave floor. However, remains from Shanidar Cave still show signs of an empathetic species. For example, one male had a paralysed arm, deafness and head trauma that likely rendered him partially blind, yet had lived a long time, so must have been cared for.

Site analysis suggests that Shanidar Z was laid to rest in a gully formed by running water that had been further hollowed out by hand to accommodate the body. Posture indicates she had been leant against the side, with her left hand curled under her head, and a rock behind the head like a small cushion, which may have been placed there.

While Shanidar Z was buried within a similar timeframe as other bodies in the cluster, researchers cannot say how contemporaneous they are, only that they all date to around 75,000 years ago.

In fact, while filming onsite for the new documentary in 2022, the team found remains of yet another individual in the same burial cluster, uncovering the left shoulder blade, some ribs and a fairly complete right hand.

In the sediments several feet above, another three Neanderthals dating to around 50,000 years had been found by Solecki, more of which have been recovered by the current team.

Further research since Shanidar Z was found has detected microscopic traces of charred food in the soil around the older body cluster. These carbonised bits of wild seeds, nuts and grasses, suggest not only that Neanderthals prepared food -- soaking and pounding pulses -- and then cooked it, but did so in the presence of their dead.

"The body of Shanidar Z was within arm's reach of living individuals cooking with fire and eating," said Pomeroy. "For these Neanderthals, there does not appear to be that clear separation between life and death."

"We can see that Neanderthals are coming back to one particular spot to bury their dead. This could be decades or even thousands of years apart. Is it just a coincidence, or is it intentional, and if so what brings them back?"

"As an older female, Shanidar Z would have been a repository of knowledge for her group, and here we are seventy-five thousand years later, learning from her still," Pomeroy said.
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Archaea can be picky parasites | ScienceDaily
A parasite that not only feeds of its host, but also makes the host change its own metabolism and thus biology. NIOZ microbiologists Su Ding and Joshua Hamm, Nicole Bale, Jaap Damste and Anja Spang have shown this for the very first time in a specific group of parasitic microbes, so-called DPANN archea. Their study, published in Nature Communications, shows that these archaea are very 'picky eaters', which might drive their hosts to change the menu.


						
Archaea are a distinct group of microbes, similar to bacteria*. The team of NIOZ microbiologists studies the so-called DPANN-archaea, that have particularly tiny cells and relatively little genetic material. The DPANN archaea are about half of all known archaea and are dependent on other microbes for their livelihood: they attach to their host and take lipids from them as building material for their membrane, their own outer layer.

Picky eaters

So far, it was thought that these parasitic archaea just eat any kind of lipids from their host to construct their membrane. But for the first time, Ding and Hamm were able to show that the parasitic archaeon Candidatus Nanohaloarchaeum antarcticus does not contain all the lipids that his host Halorubrum lacusprofundi contains, but only a selection of them. "In other words: Ca. N. antarcticus is a picky eater," Hamm concludes.

Host responds to parasite

By analyzing the lipids in the host with or without their parasites, Ding and Hamm were also able to show that the host responds to the presence of their parasites. The hosts change their membrane, not only which types of lipids and the amounts of each type that are used, but also modifying the lipids to change how they behave. The result is an increased metabolism and a more flexible membrane that is also harder for the parasite to get through. That could have some consequences for the host, explains Hamm. 'If the membrane of the host changes, this could have an impact on how these hosts can respond to environmental changes, in for example temperature or acidity."

Game-changing new technique

The game-changer in this microbiological research was the design of a new analytical technique by Su Ding at NIOZ. Thus far, to analyze lipids you needed to know what lipid groups you were looking for and target them in the analysis. Ding designed a new technique in which he can look at all lipids simultaneously, also the ones you don't know yet. "We probably wouldn't have been able to see the changes in the lipids if we had used a classical approach, but the new approach made it straightforward," says Hamm.




New insight

The microbiologists are very excited about these new findings. "Not only does it shed a first light on the interactions between different archaea; it gives a totally new insight in the fundamentals of microbial ecology," Hamm says. "Especially that we've now demonstrated that these parasitic microbes can affect the metabolism of other microbes, which in turn could alter how they can respond to their environment. Future work is needed to determine to what extent this may impact the stability of the microbial community in changing conditions."

Archaea, bacteria and higher organisms

 Archaea are single celled organisms that were long believed  to be a specific group of bacteria. Similar to bacteria, they do not  have a nucleus with dna, or other organelles within their cells. As of  the 1970's, however, microbiologists no longer consider archaea  bacteria, but classify them as a separate domain in all life forms. So,  now we have archaea, bacteria, and eukaryotes, the latter including all  animals and plants, that have a nucleus with genetic material in their  cells.  
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EPA underestimates methane emissions from landfills, urban areas | ScienceDaily
The Environmental Protection Agency (EPA) is underestimating methane emissions from landfills, urban areas and U.S. states, according to a new study led by researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS).


						
The researchers combined 2019 satellite observations with an atmospheric transport model to generate a high-resolution map of methane emissions, which was then compared to EPA estimates from the same year. The researchers found:
    	Methane emissions from landfills are 51% higher compared to EPA estimates
    	Methane emissions from 95 urban areas are 39% higher than EPA estimates
    	Methane emissions from the 10 states with the highest methane emissions are 27% higher than EPA estimates

"Methane is the second largest contributor to climate change behind carbon dioxide so it's really important that we quantify methane emissions at the highest possible resolution to pinpoint what sources it is coming from," said Hannah Nesser, a former PhD student at SEAS and first author of the paper. Nesser is currently a NASA Postdoctoral Program (NPP) Fellow in the Carbon Cycle & Ecosystems Group at the Jet Propulsion Laboratory.

The research, published in Atmospheric Chemistry and Physics, was a collaboration between scientists at Harvard and an interdisciplinary team of researchers from across the U.S. and around the world, including universities in China and the Netherlands.

The EPA estimates that landfills are the third-largest source of human-caused methane emissions in the U.S., but the EPA uses a bottom-up accounting method that often doesn't match observations of atmospheric methane.

The EPA methane estimate for landfills uses the Greenhouse Gas Reporting Program, which requires high-emitting facilities to self-report their emissions annually. For landfills without methane capture, the emissions are simply calculated by looking at the amount of trash that comes in and estimating how much methane trash produces over time. That figure is then scaled up to include landfill operations that don't report to the Greenhouse Gas Reporting Program.

Nesser and her colleagues' top-down approach uses observations of atmospheric methane from the Tropospheric Monitoring Instrument (TROPOMI) aboard the Sentinel-5 Precursor satellite together with an atmospheric transport model to trace the path of emissions from the atmosphere back to the ground.




Using this method, the team zoomed in on 70 individual landfills across the U.S. In these facilities, the researchers found emissions that were on median 77% higher than the estimates from the Greenhouse Gas Reporting Program.

The disparity is wider for landfills that collect methane as part of their operations.

Landfills don't measure the exact amounts of methane they are losing but rather estimate how efficient their collection systems are. The EPA assumes the default efficacy rate for methane collection is 75%.

But Nesser and her colleagues found that, in fact, landfills are much less effective at collecting methane than previously thought.

Of the 70 landfills the team studied, 38 recover gas. Among those facilities, the researchers found that methane levels were on median more than 200% higher than the estimates from the Greenhouse Gas Reporting Program.

"Our research shows that these facilities are losing more methane than they think," said Nesser. "The EPA uses 75% efficacy as the default for methane collection, but we find that it's actually much closer to 50%."

The EPA estimates also do not capture one-off events, such as construction projects or temporary leaks, which could lead to a massive increase in methane emissions and contribute to the discrepancy between EPA estimates and observed atmospheric methane.




The research team also compared their analysis to the EPA's new state-level greenhouse gas inventories.

The researchers found 27% higher methane emissions from the 10 top methane-producing states, with the largest increases in Texas, Louisiana, Florida, and Oklahoma. The team found that those 10 states are responsible for 55% of U.S. human-caused methane emissions. Perhaps unsurprisingly, Texas is responsible for 21% of anthropogenic methane emissions in the U.S., 69% of which is from the oil and gas industry.

At the city level, the researchers found that, on average, the 10 cities with the highest urban methane emissions actually have 58% higher emissions than previously estimated. Those cities include New York, Detroit, Atlanta, Dallas, Houston, Chicago, Los Angeles, Cincinnati, Miami and Philadelphia.

"All of these places have a different profile of emission sources, so there's no one thing driving the methane underestimate across the board," said Nesser.

The researchers hope that future work will provide more clarity on exactly where these emissions are coming from and how they are changing.

"This research highlights the importance of understanding these emissions," said Daniel Jacob, the Vasco McCoy Family Professor of Atmospheric Chemistry and Environmental Engineering at SEAS and senior author of the paper. "We plan to continue to monitor U.S. emissions of methane using new high-resolution satellite observations, and to work with the EPA to improve emission inventories."

The research was co-authored by Joannes D. Maasakkers, Alba Lorente, Zichong Chen, Xiao Lu, Lu Shen, Zhen Qu, Melissa P. Sulprizio, Margaux Winter, Shuang Ma, A. Anthony Bloom, John R. Worden, Robert N. Stavins and Cynthia A. Randles.

It was supported by the NASA Carbon Monitoring System (CMS) and the Harvard Climate Change Solutions Fund.
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Feathers, cognition and global consumerism in colonial Amazonia | ScienceDaily
Amazonia is the home of the largest variety of birds in the world. In such a unique environment, craft cultures have flourished by translating the beauty and creativity of environmental materials like feathers into stunning pieces of art. "The Material Creativity of Affective Artifacts in the Dutch Colonial World," a new article in Current Anthropology by Stefan Hanss of the University of Manchester, examines artisanal featherwork within the context of early modern colonialism and globalization. These structures, Hanss writes, both engendered and endangered material creativity and knowledge.


						
In the article, Hanss examines how new ways of handling, trading, and thinking with feathers emerged in colonial Dutch Brazil. "Dutch colonial encounters with South American enviromateriality," Hanss notes, "stirred European appreciation of and engagement with the creative and transformative power of natural environments." As a result, art like featherwork became a valuable commodity. The resulting global exploitation of Amazonian birds, feathers, and indigenous knowledge transformed Amazonian life and impacted South American biodiversity.

To fully capture the cognitive achievements of 17th-century featherworkers, Hanss combines in-depth archival research with affect theory and imaging analysis conducted by the John Rylands Research Institute and Library, University of Manchester. This new methodology is exemplified by the research done on the Messel Standing Feather Fan of the Fitzwilliam Museum, University of Cambridge, an object whose history reflects the global scale of the trade in materials, the transmission of artisanal knowledge, and the blurred boundaries of consumer cultures in the seventeenth-century Dutch Empire.

Ultimately, the article "highlights the immeasurable global, creative potential of South American biodiversity and cultural diversity, adding insights into the consequences of its growing extinction today."
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Identifying risks of human flea infestations in plague-endemic areas of Madagascar | ScienceDaily
Madagascar is one of the last places where outbreaks of human bubonic plague still happen regularly.


						
Fleas carrying the plague bacterium Yersinia pestis can spread the disease through their bites. And while a species commonly known as "the rat flea" has been fingered as the main culprit in plague outbreaks, a species known as "the human flea" may play a secondary role.

As an investigator during plague outbreaks in rural Madagascar, medical entomologist Adelaide Miarinjara knew that many households were teeming with these human fleas. Miarinjara grew up in the island nation off the east coast of Africa and is now a postdoctoral fellow at Emory University, collaborating with the Pasteur Institute in Madagascar.

"We have observed huge variability in the number of fleas in different households in the same village," she says. "We might collect three or five fleas in one house and hundreds of them in another house."

Miarinjara led a study to solve the mystery of this variability.

PLoS Neglected Diseases published her team's findings: The abundance of human fleas is primarily associated with households that have a traditional dirt floor covered by a plant-fiber mat, as opposed to households with cement or board floors. A secondary risk factor was keeping animals in the house at night.

"Flea larvae need humidity, but not too much humidity, to survive," Miarinjara says, "so the dirt covered by the plant-fiber mat may be holding just the right amount of moisture for them to thrive."

She hopes that agencies seeking to improve people's lives in plague-endemic areas of Madagascar focus on upgrading the flooring in homes and constructing sheds separate from the households for animals.




"Flea infestation raises the risk for getting diseases and it has a big impact on the quality of life," Miarinjara says. "The constant bites are annoying and lead to lack of sleep."

Household flea infestations also promote the overuse of insecticides. Surveys by the researchers reveal that 80% of the households use insecticide to try to battle the fleas. Many people are buying liquid insecticides that are repackaged in empty plastic or glass containers, without labels or instructions for how to apply them, and sold in small, open-air markets.

Improper use of insecticides is a health risk to people who may be overexposed to the chemicals. "Overuse of these chemicals is also dangerous because some fleas are developing resistance to insecticides -- the frontline tools for battling plague outbreaks," Miarinjara says.

"Poverty related to housing construction is a primary challenge that this research identified," adds Thomas Gillespie, senior author of the study and professor and chair of Emory's Department of Environmental Sciences. "Resurfacing dirt floors in homes with concrete could improve a range of health and quality-of-life issues, from reducing flea populations in homes to making the floors easier to clean of contaminants such as fecal matter tracked in from the outside."

The Gillespie lab is a pioneer in the "one health" approach to epidemics -- studying the interactions of people, domestic animals, wildlife and ecosystems to understand how germs jump across species.

The plague has afflicted humans at least as far back as the Bronze Age and has persisted through the centuries. The advent of antibiotics -- which can effectively treat plague -- turned the disease into a horror story from the past for much of the world.




In Madagascar, however, plague returns regularly to claim new victims. Cases typically originate in the rural rice-growing region of the central Highlands during the rainy season. Outbreaks there are associated with agriculture, deforestation, the black rat -- and fleas.

Different flea species have evolved to prefer the blood of one animal over another, although they may feed on a variety of organisms if they are hungry enough.

Most plague research is centered on the rat flea, or Xenopsylla cheopis. Just one of its bites can transmit enough bacteria to infect someone with plague. In contrast, several bites from the human flea, Pulex irritans, are required to transmit the bacteria, making it a less potent spreader of plague but still a threat.

For the current paper, the researchers collected fleas from 126 households in four different villages. Rural Madagascar homes typically consist of more than one level. The bottom level is often used to keep livestock overnight and the second and third floors are where members of the family sleep, cook and eat.

The fleas were collected overnight on the second floor of the homes using simple traps -- a lit candle set in a dish of soapy water. The fleas are attracted to the flickering light and drown when they hop into the dish.

The researchers painstakingly removed each drowned flea using tweezers, set them to dry on absorbent paper, and then transferred them to test tubes for laboratory identification and analyses.

The results showed that around 95% of the species collected in households were human fleas, mixed at times with a few rat fleas and a few from a third species that prefers to feed on cats and dogs. Collections were conducted in both the dry and rainy seasons with similar results.

"We're now looking deeper into what's going on with insecticide use in households," Miarinjara says. "We want to both sort out what is driving insecticide resistance among fleas and find ways to help people use insecticides safely and more effectively."

Co-authors of the current study include: Annick Reveloson, a PhD student at the University of Antananarivo in Madagascar; Stephen Mugel, an Emory PhD student set to graduate this May; Nick An, who graduated last year from Emory's BS/MPH program; Andry Andriamiadanarivo, a technician at Centre ValBio in Madagascar; and Minoarisoa Rajerison, Rindra Randremanana and Romain Girod, research scientists at the Pasteur Institute in Madagascar.

The research was funded by the Branco Weiss Society in Science Fellowship and the American Society of Tropical Medicine and Hygiene.
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Key functions of therapeutically promising jumbo viruses | ScienceDaily
Antibiotic medicines became a popular treatment for bacterial infections in the early 20th century and emerged as a transformational tool in human health. Through the middle of the century novel antibiotics were regularly developed in the medication's golden age.


						
But then bacteria evolved. They found new ways to evade antibiotic treatments, rendering many useless. As new antibiotic sources dried up, bacterial infections escalated into today's global health crisis of antibiotic resistance.

Scientists now look to an unusual ally, viruses, to help counter this rising threat. Recently, researchers have focused on viruses known as bacteriophages as a new tool to treat and disarm antibiotic-resistant bacteria. Special attention has been placed on "jumbo" phages -- viruses recently discovered to feature extremely large genomes -- that could be tapped as special delivery agents that can not only kill bacteria but could be engineered to deliver antibiotics directly to the source of infection.

But in order to deliver novel therapeutics through phage, scientists must first understand the extraordinary biological makeup and mechanisms inside these mysterious viruses.

University of California San Diego School of Biological Sciences researchers and their colleagues at UC Berkeley's Innovative Genomics Institute and the Chulalongkorn University in Bangkok have taken a substantial step forward in deciphering several key functions within jumbo phages.

"These jumbo phages have large genomes that in theory could be manipulated to carry payloads that more effectively kill bacteria," said Joe Pogliano, a UC San Diego professor in the School of Biological Sciences and senior author of the new paper, which was published April 30 in the Proceedings of the National Academy of Sciences. "The problem is that their genome is enclosed so it's not easy to access. But now we've discovered some of its key elements."

As described in the paper, research led by School of Biological Sciences graduate student Chase Morgan focused on jumbo Chimalliviridae phages that were found to replicate inside bacteria by forming a compartment that resembles the nucleus inside the cells of humans and other living organisms. The Chimalliviridae's nucleus-like compartment separates and selectively imports certain proteins that allow it to replicate inside the host bacteria. But how this process unfolds had been a puzzling part of the process.




Using new genetic and cell biology tools, Morgan and his colleagues identified a key protein, which they named "protein importer of Chimalliviruses A," or PicA, that acts as a type of nightclub bouncer, selectively trafficking proteins by granting entry inside the nucleus for some but denying access for others. PicA, they found, coordinates cargo protein trafficking across the protective shell of the phage nucleus.

"Just the fact that this virus is able to set up this incredibly complex structure and transport system is really amazing and the likes of which we haven't seen before," said Morgan. "What we think of as complex biology is usually reserved for higher life forms with humans and our tens of thousands of genes, but here we are seeing functionally analogous processes in a comparatively tiny viral genome of only approximately 300 genes. It's probably the simplest selective transport system that we know of."

Using CRISPRi-ART, a programmable RNA tool for studying genomes, the researchers were able to demonstrate that PicA is an essential component of the Chimalliviridae nucleus development and replication process.

"Without the simplicity and versatility of RNA-targeting CRISPR technologies, directly asking and answering these questions would be nearly impossible. We are really excited to see how these tools unravel the mysteries encoded by phage genomes," said co-author Ben Adler, a postdoctoral scholar working under Nobel Prize-winning CRISPR pioneer Jennifer Doudna.

Bacteria and viruses have engaged in a type of arms race for billions of years, each evolving to counter the other's adaptations. The researchers say the sophisticated PicA transportation system is a result of that intense, ongoing evolutionary competition. The system has evolved to be both highly flexible and highly selective, allowing only key beneficial elements inside the nucleus. Without the PicA system, the bacteria's defensive proteins would work their way inside and sabotage the virus' replication process.

Such information is vital as scientists with the Howard Hughes Medical Institute (HHMI)-funded Emerging Pathogens Initiative and UC San Diego's Center for Innovative Phage Applications and Therapeutics strive to lay the groundwork to eventually genetically program phage to treat a variety of deadly diseases.

"We really didn't have any understanding of how the protein import system worked or which proteins were involved previously, so this research is the first step in understanding a key process that's critical for these phage to successfully replicate," said School of Biological Sciences graduate student Emily Armbruster, a paper coauthor. "The more we understand these essential systems, the better we will be able to engineer phage for therapeutic use.

Future targets for such genetically programmed viruses include Pseudomonas aeruginosa bacteria, which are known to cause potentially fatal infections and pose risks for patients in hospitals. Other promising targets include E. coli and Klebsiella which can cause chronic and recurrent infections and, in some cases, enter the blood stream which can be life threatening.
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Mystery behind huge opening in Antarctic sea ice solved | ScienceDaily
Researchers have discovered the missing piece of the puzzle behind a rare opening in the sea ice around Antarctica, which was nearly twice the size of Wales and occurred during the winters of 2016 and 2017.


						
A study reveals a key process that had eluded scientists as to how the opening, called a polynya, was able to form and persist for several weeks.

The team of researchers from the University of Southampton, the University of Gothenburg and the University of California San Diego studied the Maud Rise polynya -- named after the submerged mountain-like feature in the Weddell Sea, over which it grows.

They found the polynya was brought on by complex interactions between the wind, ocean currents, and the unique geography of the ocean floor, transporting heat and salt towards the surface.

In Antarctica, the surface of the ocean freezes over in the winter, with sea ice covering an area about twice the size of the continental United States.

In coastal areas, openings in the sea ice occur every year. Here, strong coastal winds blow off the continent and push the ice away, exposing the seawater below. It is much rarer for these polynyas to form in sea ice over the open ocean, hundreds of kilometres away from the coast where the seas are thousands of meters deep.

Aditya Narayanan, a Postdoctoral Research Fellow at the University of Southampton, who led the research, said: "The Maud Rise polynya was discovered in the 1970s when remote sensing satellites that can see sea ice over the Southern Ocean were first launched. It persisted through consecutive winters from 1974 to 1976 and oceanographers back then assumed it would be an annual occurrence. But since the 1970s, it has occurred only sporadically and for brief intervals.




"2017 was the first time that we've had such a large and long-lived polynya in the Weddell Sea since the 1970s."

During 2016 and 2017, the large circular ocean current around the Weddell Sea became stronger. One of the consequences of this is that the deep layer of warm, salty water rises, making it easier for salt and heat to mix vertically into the surface water.

Fabien Roquet, a Professor in Physical Oceanography at the University of Gothenburg and co-author of the research, said: "This upwelling helps to explain how the sea ice might melt. But as sea ice melts this leads to a freshening of the surface water, which should in turn put a stop to the mixing. So, another process must be happening for the polynya to persist. There must be an additional input of salt from somewhere."

The researchers used remotely sensed sea ice maps, observations from autonomous floats and tagged marine mammals, alongside a computational model of the ocean's state. They found that as the Weddell Sea current flowed around Maud Rise, the turbulent eddies moved salt onto the top of the sea mount.

From here, a process called 'Ekman transport' helped to move the salt onto the northern flank of the of Maud Rise, where the polynya first formed. Ekman transport involves water moving at a 90-degree angle to the direction of the wind blowing above, influencing ocean currents.

"Ekman transport was the essential missing ingredient that was necessary to increase the balance of salt and sustain the mixing of salt and heat towards the surface water," says co-author Professor Alberto Naveira Garabato, also from the University of Southampton.




Polynyas are areas where you have a huge amount of transfer of heat and carbon between the ocean and the atmosphere. So much so that they can affect the heat and carbon budget of the region.

Professor Sarah Gille from University of California San Diego, another co-author of the research said: "The imprint of polynyas can remain in the water for multiple years after they've formed. They can change how water moves around and how currents carry heat towards the continent. The dense waters that form here can spread across the global ocean."

Some of the same processes that were involved in the forming of the Maud Rise polynya, such as the upwelling of deep and salty water, are also driving a general reduction in sea ice in the Southern Ocean.

Professor Gille added: "For the first time since observations began in the 1970s, there's a negative trend in sea ice in the Southern Ocean, which began around 2016. Before then it had remained somewhat stable."
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Roadmap to close the carbon cycle | ScienceDaily
A major approach to achieving net-zero carbon emissions relies on converting various parts of the economy, such as personal vehicles and heating, to run via electricity generated from renewable sources. But carbon cannot be removed from all parts of society. Plastics, ubiquitous in the modern world, cannot be decarbonized because they are made of carbon-based molecules.


						
Led by chemist Wendy Shaw of Pacific Northwest National Laboratory (PNNL), a multi-institutional effort has produced a new roadmap to reducing emissions in hard-to-electrify segments of the economy. The multifaceted approach includes developing non-carbon fuels, finding non-fossil sources of carbon, and keeping carbon in play once it enters the cycle, ideally resulting in multiple uses of each carbon atom.

Single-use carbon can no longer be widespread, the roadmap authors assert. The carbon must be kept in play through a circular economy where each carbon atom is used numerous times. The carbon can be reused within the same industrial sector or act as a feedstock for a new industrial sector. For instance, developing polymer upcycling processes and efficiently reusing carbon-based materials will be central to a net-zero carbon emissions future.

"We need novel and creative solutions to realize our decarbonization goals," said PNNL Director Steven Ashby. "And collaboration is key to accelerating the use-inspired scientific research in catalysis and separations science that will underpin these solutions. I eagerly await these results and their deployment in aviation, heavy duty trucking, and marine transportation."

The ideas emerged from a workshop on "Closing the Carbon Cycle," jointly hosted by PNNL, Ames National Laboratory, Argonne National Laboratory, Brookhaven National Laboratory, Lawrence Berkeley National Laboratory, Oak Ridge National Laboratory, and the SLAC National Accelerator Laboratory. Leads from each laboratory included Shaw, James Morris, Max Delferro, Sanjaya Senanayake, Francesca Toma, Michelle Kidder, and Simon Bare, respectively.

"Advancing carbon recycling and conversion technologies is key to a clean energy future, and Argonne is committed to supporting its development," said Argonne Director Paul Kearns. "I commend the researchers who are collaborating across the Department of Energy national lab complex to drive these transformative innovations to achieve net-zero by 2050."

A roadmap to decarbonization

Hydrogen and ammonia both have potential as carbon-free fuels. However, both have clear challenges for implementation. In particular, the cost to store and transport hydrogen makes it impractical with current technologies. Work to develop carrier molecules and materials to enable safe and affordable hydrogen transportation will complement the Department of Energy's Hydrogen Earthshot goal of renewably produced hydrogen for 1 $/kilogram or less. This cost reduction could help create viable hydrogen-based systems.




Using carbon from diverse sources is central to the proposed approach. Carbon will continue to be essential for many critical economic sectors. These sectors are candidates for circular carbon cycling through recycling and incorporating multiple carbon sources. Possible sources for valuable carbon include biomass, food waste, and plastic waste. Making this process a reality requires effective and efficient separations and conversions because complex mixtures make up most non-fossil carbon streams.

"Carbon should be seen as a valuable commodity that must be conserved and reused," said Shaw, Chief Science and Technology Officer of PNNL's Physical and Computational Sciences Directorate. "Our vision is to transform the role of carbon in our economy by reusing each carbon atom multiple times in a circular economy."

Effectively transforming "traditional" waste materials into reusable materials remains critical. Combining the separation and conversion steps through reactive separations may provide a practical approach. Reactive separations combine chemical reactions with purifying separations and can provide process intensification, converting the non-fossil carbon more efficiently.

"We need new fundamental science developments to produce integrated industrial approaches," said Morris. "The resulting technologies will create new economic opportunities, educational development, and additional job growth."

The roadmap presents a future without waste, where carbon is treated as a precious commodity rather than a disposable resource. Bringing sustainable sources of carbon into the carbon-circle economy is essential to this future.

This roadmap is the outcome of a workshop entitled "Closing the Carbon Cycle: Opportunities in Energy Science," organized by seven Department of Energy national laboratories on July 18 and 19, 2022. The full article is available in Nature Reviews Chemistry.
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Why you can taste more ethanol in a cold pint of beer or warm glass of baijiu | ScienceDaily
We all have our own preferred drinking temperatures for different alcoholic beverages, with people commonly enjoying beer or white wine chilled, red wine near room temperature, or baijiu (Chinese whisky) or sake warmed. Now, in a paper publishing in the journal Matter on May 1, researchers report that alcoholic beverages may taste more or less "ethanol-like" at different temperatures, and this may be explained by how water and ethanol form either chain-like or pyramid-shaped clusters at the molecular level.


						
"Two years ago, first author Xiaotao Yang and I were drinking beer together. He had just finished his doctorate degree thesis and asked me, 'what should we do next?'" says lead author and materials scientist Lei Jiang of the Chinese Academy of Sciences. "At the time, I was a scientific committee member of one of the biggest Chinese alcoholic beverage companies, and I had the idea to ask the question 'why does Chinese baijiu have a very particular concentration of alcohol, either 38%-42%, 52%-53%, or 68%-75%?'"

"Then we decided, let's try something, so I put a drop of beer on my hand to see the contact angle," says Jiang.

Soon after, Jiang, Yang, and the rest of their team set off to the lab to measure the contact angle of a series of solutions with increasing concentrations of alcohol in water. Contact angle is a common measurement of a liquid's surface tension, and it also tells you how the molecules within the droplet are interacting with each other and with the surface below.

For example, water has a low contact angle on a surface like glass, and so a drop of it will appear "bead-like," where a drop of high alcohol concentration spirits will have a higher contact angle and will instead flatten and spread out.

They were surprised to find that the contact angle did not increase linearly with increasing alcohol concentration, but instead the plot showed an irregular series of plateaus as it increased. Additional experiments indicated that this was happening due to the formation of different clusters of ethanol and water in solution.

At low ethanol concentrations, the ethanol forms more pyramid-shaped structures around water molecules; however, when the concentration of ethanol is increased, the ethanol begins to arrange end to end as if in a chain.




Interestingly, the researchers also found that the plateaus that they observed disappeared or appeared when the solutions were cooled or heated, and that some of these trends could explain differences in how alcohol taste is perceived.

For example, 38%-42% and 52%-53% ethanol solutions -- like the ethanol concentrations in baijiu -- have distinct cluster structures at around room temperature, but this difference disappears at higher temperatures, like 40degC. This could explain why both professional and amateur tasters can distinguish these concentrations of baijiu at room temperature but not at high temperature. At higher temperatures, both concentrations have more chain-like structures and therefore a more "ethanol-like" taste.

"Although there is only 1% difference, the taste of baijiu at 51% and 52% is noticeably different; the taste of baijiu at 51% is similar to that of lower alcohol content, such as 38%-42%. So, in order to achieve the same taste at a lower alcohol content, the distribution of baijiu products ranges most within the 38%-42% and 52%-53% categories," says Jiang.

Similarly, professional testers observe a stronger "ethanol-like" taste in beer after it has been chilled. The results of these experiments show that there is a distinct enhancement in the chain-like structures at 5degC in 5% and 11% ethanol solutions.

"At low temperature, the tetrahedral (pyramid-shaped) clusters become the low concentration amount, and this is why we drink cold beer," says Jiang.

The researchers propose that this information could be leveraged by the alcoholic beverage industry to achieve an "ethanol-like" taste with the lowest ethanol concentration possible.
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Father's gut microbes affect the next generation | ScienceDaily
The gut microbiota is the microbial community that occupies the gastrointestinal tract. It is responsible for producing enzymes, metabolites, and other molecules crucial for host metabolism and in response to the environment.


						
Consequently, a balanced gut microbiota is important for mammalian health in many ways, such as helping to regulate the immune and endocrine systems. This in turn, impacts the physiology of tissues throughout the body. However, little was known about the impact of the gut microbiota on host reproduction, and whether an altered microbiota in a father could influence the fitness of his offspring.

The Hackett group at EMBL Rome, in collaboration with the Bork and the Zimmermann groups at EMBL Heidelberg, set out to answer this question, with their results now published in the journal Nature. The scientists showed that disrupting the gut microbiota in male mice increases the probability that their offspring are born with low weight, and are more likely to die prematurely.  

What is passed on to the next generation

To study the effects of the gut microbiota on male reproduction and their offspring, the researchers altered the composition of gut microbes in male mice by treating them with common antibiotics that do not enter the bloodstream. This induces a condition called dysbiosis, whereby the microbial ecosystem in the gut becomes unbalanced.

The scientists then analysed changes in the composition of important testicular metabolites. They found that in male mice dysbiosis affects the physiology of the testes, as well as metabolite composition and hormonal signalling. At least part of this effect was mediated by changes in the levels of the key hormone leptin in blood and testes of males with induced dysbiosis. These observations suggest that in mammals, a 'gut-germline axis' exists as an important connection between the gut, its microbiota, and the germline.

To understand the relevance of this 'gut-germline' axis to traits inherited by offspring, the scientists mated either untreated or dysbiotic males with untreated females. Mouse pups sired by dysbiotic fathers showed significantly lower birth weights and an increased rate of postnatal mortality. Different combinations of antibiotics as well as treatments with dysbiosis-inducing-laxatives (which also disrupt microbiota) affected offspring similarly.




Importantly, this effect is reversible. Once antibiotics are withdrawn, paternal microbiota recover. When mice with recovered microbiota were mated with untreated females, their offspring were born with normal birthweight and developed normally as well.

"We have observed that intergenerational effects disappear once a normal microbiota is restored. That means that any alteration to the gut microbiota able to cause intergenerational effects could be prevented in prospective fathers" said Peer Bork, EMBL Heidelberg Director, who participated in the study. "The next step will be to understand in detail how different environmental factors such as medicinal drugs including antibiotics can affect the paternal germline and, therefore, embryonic development." Ayele Denboba, first author of the publication and former postdoc in the Hackett Group, now Group Leader at the Max Planck Institute of Immunology and Epigenetics in Freiburg, Germany added "The study originated to understand environmental impacts on fathers by considering the gut microbiota as a nexus of host-environment interactions, thus creating a sufficient-cause model to assess intergenerational health risks in complex ecological systems."

Paternal impact on pregnancy disease risk

In their work, Hackett and his colleagues also discovered that placental defects, including poor vascularisation and reduced growth, occurred more frequently in pregnancies involving dysbiotic males. The defective placentas exhibited hallmarks of a common pregnancy complication in humans called pre-eclampsia, which leads to impaired offspring growth and is a risk factor for developing a wide range of common diseases later in life.

"Our study demonstrates the existence of a channel of communication between the gut microbiota and the reproductive system in mammals. What's more, environmental factors that disrupt these signals in prospective fathers increase the risk of adverse health in offspring, through altering placental development" said Jamie Hackett, coordinator of the research project and an EMBL Rome Group Leader. "This implies that in mice, the environment of a father just prior to conception can influence offspring traits independently of genetic inheritance."

"At the same time, we find the effect is for one generation only, and I should be clear that further studies are needed to investigate how pervasive these effects are and whether they have relevance in humans. There are intrinsic differences to be considered when translating results from mouse models to humans." Hackett continued: "But given the widespread prevalence of dietary and antibiotic practices in Western culture that are known to disrupt the gut microbiota, it is important to consider paternal intergenerational effects more carefully -- and how they may be affecting pregnancy outcomes and population disease risk."
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Calcium can protect potato plants from bacterial wilt | ScienceDaily
Scientists have discovered that calcium plays a significant role in enhancing the resistance of potato plants to bacterial wilt. This disease causes worldwide losses of potatoes costing $19 billion per year. The findings open up new avenues for integrated disease management strategies, including the potential for calcium amendments to soil as a part of a comprehensive approach to controlling bacterial wilt in potatoes. The study is published in Applied and Environmental Microbiology, a journal of the American Society for Microbiology.


						
Ralstonia solanacearum species complex (RSSC) is a phytopathogenic bacterial group that causes bacterial wilt in several crops. "Our research team has been dedicated to studying the Ralstonia solancearum-potato pathosystem for years, with a primary focus on developing potato varieties with resistance to bacterial wilt," said corresponding study author Maria Ines Siri, Ph.D., from the Department of Biosciences, University of the Republic, in Montevideo, Uruguay. Pathosystems like this one are subsystems of ecosystems that specifically are defined by parasitism, where the parasite is any species that spends a significant part of its lifespan inhabiting and getting nutrients from a host. Siri said that until now, the relationship between the potato plant ionome (mineral and trace elements composition) and resistance levels to RSSC has not been addressed.

In the new study, the researchers initiated their investigation using potato plant genotypes with contrasting levels of resistance to bacterial wilt. This approach allowed the researchers to examine how different levels of natural resistance within the plants could be linked to their mineral compositions. The researchers assessed the mineral content in various parts of the potato plants, such as the xylem sap, roots, stems and leaves, focusing on the relationship between these minerals, particularly calcium, and the plants' resistance to bacterial wilt.

Following this mineral assessment, the scientists explored the impact of calcium on several aspects related to the virulence of the pathogen, including its growth rate, ability to form biofilms and motility. Furthermore, they evaluated calcium's effect on enhancing plant resistance through controlled inoculation trials, providing a comprehensive view of how calcium supplementation could potentially bolster the potato plant's defense mechanisms against bacterial wilt.

The team discovered a positive relationship between the concentrations of calcium and the resistance levels of potato genotypes to bacterial wilt. They also found that calcium supplementation to the potato was able to significantly reduce the growth rate of the pathogen causing the wilt and negatively affect the pathogen's ability to form biofilms and move, which are crucial for its virulence and ability to cause disease.

"There are several exciting directions for future research stemming from our findings," Siri said. "We plan to delve deeper into understanding how calcium affects the pathosystem at the transcriptomic level, including plant defense mechanisms and the pathogen's virulence. We also aim to explore the plant microbiome's role in resistance and develop practical field management strategies that incorporate calcium fertilization."

The study is the first to utilize microfluidic chambers to monitor pathogen growth and biofilm formation under conditions mimicking the plant's vascular system, said Siri. This innovative approach has provided valuable insights into how calcium supplementation can impede the pathogen's ability to form biofilms, a key factor in its virulence. "Additionally, this methodological advance is not just limited to our current study, but also holds promise for future research on this important vascular pathogen," Siri said. "By offering a new tool for detailed observation and analysis, our approach could be leveraged in further studies to unravel the complexities of plant-pathogen interactions and to explore novel disease management strategies."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240501100751.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Every breath you take: Study models the journey of inhaled plastic particle pollution | ScienceDaily
With recent studies having established the presence of nano and microplastic particles in the respiratory systems of both human and bird populations, a new University of Technology Sydney (UTS) study has modelled what happens when people breathe in different kinds of plastic particles and where they end up.


						
Led by Senior Lecturer of Mechanical Engineering Dr Suvash Saha, the UTS research team has used computational fluid-particle dynamics (CFPD) to study the transfer and deposition of particles of different sizes and shapes depending on the rate of breathing.

The results of the modelling, published in the journal Environmental Advances, have pinpointed hotspots in the human respiratory system where plastic particles can accumulate, from the nasal cavity and larynx and into the lungs.

Dr Saha said evidence was mounting on the significant impact of nano and microplastics on respiratory health and the UTS study would provide essential insights for the development of targeted strategies to mitigate potential risks and ensure effective health interventions.

"Experimental evidence has strongly suggested that these plastic particles amplify human susceptibility to a spectrum of lung disorders, including chronic obstructive pulmonary disease, fibrosis, dyspnea (shortness of breath), asthma, and the formation of what are called frosted glass nodules," Dr Saha said.

"Plastic particle air pollution is now pervasive and inhalation ranks as the second most likely pathway for human exposure.

"The primary types are intentionally manufactured, including a wide array of cosmetics and personal care products such as toothpaste.




"The secondary ones are fragments derived from the degradation of larger plastic products, such as water bottles, food containers and clothes.

"Extensive investigations have identified synthetic textiles as a principal source of indoor airborne plastic particles, while the outdoor environment presents a multitude of sources encompassing contaminated aerosols from the ocean to particles originating from wastewater treatment."

Dr Saha said the UTS team's modelling found that breathing rate along with particle size and shape determined where in the respiratory system plastic particles would be deposited.

"Faster breathing rates led to heightened deposition in the upper respiratory tract, particularly for larger microplastics, whereas slower breathing facilitated deeper penetration and deposition of smaller nanoplastic particles," he said.

"Particle shape was another factor, with non-spherical microplastic particles showing a propensity for deeper lung penetration compared to spherical microplastics and nanoplastics, potentially leading to different health outcomes.

"These findings highlight the imperative consideration of breathing rates and particle sizes in health risk assessments associated with respiratory exposure to nano and microplastic particles."
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Revised dating of the Liujiang skeleton renews understanding of human occupation of China | ScienceDaily

Tongtianyan cave, located in the Liujiang District of Liuzhou City, Southern China, has been a focal point of this research, housing one of the most significant fossil finds of Homo sapiens. However, the age of the fossils found within has been a matter of debate -- until now.

In a new international study in Nature Communications, with contributions by Griffith University, researchers have provided new age estimates and revised provenance information for the Liujiang human fossils, shedding light on the presence of Homo sapiens in the region.

Using advanced dating techniques including U-series dating on human fossils, and radiocarbon and optically stimulated luminescence dating on fossil-bearing sediments, the study revealed new ages ranging from approximately 33,000 to 23,000 years ago. Previously, studies had reported ages of up to 227,000 years of age for the skeleton.

"These revised age estimates align with dates from other human fossils in northern China, suggesting a geographically widespread presence of H. sapiens across Eastern Asia after 40,000 years ago," said Professor Michael Petraglia, study co-author and Director of Griffith's Australian Research Centre for Human Evolution.

Dr Junyi Ge, of the Chinese Academy of Sciences, and lead author of the study, said: "This finding holds significant implications for understanding human dispersals and adaptations in the region. It challenges previous interpretations and provides insights into the occupation history of China."

The Liujiang skeletal remains, discovered in 1958, have long been considered among the most significant human fossils from Eastern Asia.

With their excellent preservation, the cranial, dental, and postcranial remains have been the subjects of extensive biological and morphological comparisons across Eurasia.

Dr Qingfeng Shao, of the Nanjing Normal University added: "The findings of this study overturn earlier age estimates and palaeoanthropological interpretations, emphasising the need for robust dating methods and proper provenance documentation in the study of human evolution."

The study's comprehensive dating analyses highlights the importance of accurate age estimates in advancing our understanding of modern human origins and dispersals.
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New Japanese lily species identified, 1st addition to sukashiyuri group in 110 years | ScienceDaily
A new species of the Japanese lily known as sukashiyuri has been identified for the first time since 1914 by a research team led by Dr. Seita Watanabe, a specially appointed assistant professor at the Botanical Gardens and the Graduate School of Science at Osaka Metropolitan University.


						
Dr. Watanabe questioned the classification used up to now for sukashiyuri group, which usually has orange flowers. These lilies have high ornamental value, having been exported from Japan for more than two centuries. There have been only four taxonomic groups, but Dr. Watanabe and his team sought evidence to prove that there were more.

Traveling across Japan to observe the lilies, record images, gather specimens, and obtain DNA from plant materials, the research team members conducted a detailed analysis of the form and structure of the plants and their DNA. The results of their extensive work revises the conventional classification into eight taxons, including what they have named Lilium pacificum, the first new species of Japanese lily in 110 years.

Lilium pacificum grows on coastal areas facing the Pacific Ocean on Honshu from Ibaraki Prefecture south to Shizuoka Prefecture and the Izu Islands.

"It has an interesting characteristic: the tips of its leaves are curved into a claw-like shape," Dr. Watanabe enthused. "Based on the new understanding of these eight taxonomic groups, we found that seven are endemic to Japan, each adapted to its environment, whether coastal or mountainous, and evolving unique traits."

Dr. Watanabe added: "Our research shows that these plants have differentiated through complex processes, and we hope that our work will provide clues for speciation studies. In the past, individual differences may have been overlooked because of the apparent simplicity of the plants. Through this research, I was reminded of the importance of morphological observation."
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Improved AI process could better predict water supplies | ScienceDaily
A new computer model uses a better artificial intelligence process to measure snow and water availability more accurately across vast distances in the West, information that could someday be used to better predict water availability for farmers and others.


						
Publishing in the Proceedings of the AAAI Conference on Artificial Intelligence, the interdisciplinary group of Washington State University researchers predict water availability from areas in the West where snow amounts aren't being physically measured.

Comparing their results to measurements from more than 300 snow measuring stations in the Western U.S., they showed that their model outperformed other models that use the AI process known as machine learning. Previous models focused on time-related measures, taking data at different time points from only a few locations. The improved model uses both time and space into account, resulting in more accurate predictions.

The information is critically important for water planners throughout the West because "every drop of water" is appropriated for irrigation, hydropower, drinking water, and environmental needs, said Krishu Thapa, a Washington State University computer science graduate student who led the study.

Water management agencies throughout the West every spring make decisions on how to use water based on how much snow is in the mountains.

"This is a problem that's deeply related to our own way of life continuing in this region in the Western U.S.," said co-author Kirti Rajagopalan, professor in WSU's Department of Biological Systems Engineering. "Snow is definitely key in an area where more than half of the streamflow comes from snow melt. Understanding the dynamics of how that's formed and how that changes, and how it varies spatially is really important for all decisions."

There are 822 snow measurement stations throughout the Western U.S. that provide daily information on the potential water availability at each site, a measurement called the snow-water equivalent (SWE). The stations also provide information on snow depth, temperature, precipitation and relative humidity.




However, the stations are sparsely distributed with approximately one every 1,500 square miles. Even a short distance away from a station, the SWE can change dramatically depending on factors like the area's topography.

"Decision makers look at a few stations that are nearby and make a decision based on that, but how the snow melts and how the different topography or the other features are playing a role in between, that's not accounted for, and that can lead to over predicting or under predicting water supplies," said co-author Bhupinderjeet Singh, a WSU graduate student in biological systems engineering. "Using these machine learning models, we are trying to predict it in a better way."

The researchers developed a modeling framework for SWE prediction and adapted it to capture information in space and time, aiming to predict the daily SWE for any location, whether or not there is a station there. Earlier machine learning models could only focus on the one temporal variable, taking data for one location for multiple days and using that data, making predictions for the other days.

"Using our new technique, we're using both and spatial and temporal models to make decisions, and we are using the additional information to make the actual prediction for the SWE value," said Thapa. "With our work, we're trying to transform that physically sparse network of stations to dense points from which we can predict the value of SWE from those points that don't have any stations."

While this work won't be used for directly informing decisions yet, it is a step in helping with future forecasting and improving the inputs for models for predicting stream flows, said Rajagopalan. The researchers will be working to extend the model to make it spatially complete and eventually make it into a real-world forecasting model.

The work was conducted through the AI Institute for Transforming Workforce and Decision Support (AgAID Institute) and supported by the USDA's National Institute of Food and Agriculture.
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Novel genetic plant regeneration approach without the application of phytohormones | ScienceDaily
Conventional plant regeneration approaches by cell culture require the external application of plant growth regulators, including hormones. However, optimizing culture conditions can be laborious. Now, researchers have developed a novel plant regeneration system that omits the need for hormone application by genetically regulating the expression of genes that control plant cell differentiation. Their work holds significant potential in the development of genetically modified plants in a simpler and cost-effective manner.


						
For ages now, plants have been the primary source of nutrition for animals and humankind. Additionally, plants are used for the extraction of various medicinal and therapeutic compounds. However, their indiscriminate use, along with the rising demand for food, underscores the need for novel plant breeding practices. Advances in plant biotechnology can address the problems associated with food scarcity in the future by enabling the production of genetically modified (GM) plants with higher productivity and resilience to the changing climate.

Naturally, plants can regenerate an entire new plant from a single 'totipotent' cell (a cell that can give rise to multiple cell types) through dedifferentiation and redifferentiation into cells with various structures and functions. Artificial regulation of such totipotent cells through plant tissue culture is widely used for plant conservation, breeding, generation of GM species, and scientific research purposes. Conventionally, tissue culture for plant regeneration requires the application of plant growth regulators (PGRs), such as auxins and cytokinins, to control cell differentiation. However, optimum hormone conditions can vary significantly with plant species, culture conditions, and tissue type. Therefore, establishing optimum PGR conditions can be time-consuming and laborious.

To overcome this challenge, Associate Professor Tomoko Igawa, along with Associate Professor Mai F. Minamikawa from Chiba University, Professor Hitoshi Sakakibara from the Graduate School of Bioagricultural Sciences, Nagoya University, and Expert Technician Mikiko Kojima from RIKEN CSRS, have developed a versatile method of plant regeneration by modulating the expression of 'developmental regulator' (DR) genes which control plant cell differentiation. Giving further insights into their research work published on 3 April 2024 in Volume 15 of Frontiers in Plant Science, Dr. Igawa says, "Instead of using external PGRs, our system uses the DR genes, which are involved in development and morphogenesis, to control cellular differentiation. The system utilizes transcription factor genes and resembles induced pluripotent cell generation in mammals."

The researchers ectopically expressed two DR genes, namely -- BABY BOOM (BBM) and WUSCHEL (WUS) from Arabidopsis thaliana (used as the model plant), and examined their effects on the differentiation of tobacco, lettuce, and petunia tissue cultures. BBM encodes a transcription factor that regulates embryonic development, while WUS encodes a transcription factor that maintains stem cell identity in the shoot apical meristem region.

Their experiments revealed that the expression of Arabidopsis BBM or WUS alone was insufficient to induce cell differentiation in tobacco leaf tissue. Conversely, co-expression of functionally enhanced BBM and functionally modified WUS induced an accelerated and autonomous differentiation phenotype. The transgenic leaf cells differentiated into calli (a disorganized mass of cells), greenish organ-like structures, and adventitious shoots in the absence of PGR application. Quantitative polymerase chain reaction (qPCR) analysis (a technique used to quantify gene transcripts) revealed that the expression of Arabidopsis BBM and WUS was associated with the formation of transgenic calli and shoots.

Given the key role of phytohormones in cell division and differentiation, the researchers went on to quantify the levels of six phytohormones, namely -- auxins, cytokinins, abscisic acid (ABA), gibberellins (GAs), jasmonic acid (JA), salicylic acid (SA), and their metabolites in the transgenic plant cultures. Their findings revealed that the levels of active auxins, cytokinins, ABA, and inactive GAs increased as cells differentiated to form organs, highlighting their role in plant cell differentiation and organogenesis.

Furthermore, the researchers used transcriptome by RNA sequencing (a technique used for qualitative and quantitative analysis of gene expression) to assess the gene expression patterns in the transgenic cells showing active differentiation. Their results suggested that genes related to cell proliferation and auxins were enriched among the differentially upregulated genes. Further validation using qPCR revealed that four genes were upregulated or downregulated in the transgenic cells, including those regulating plant cell differentiation, metabolism, organogenesis, and auxin response.

Overall, these findings shed light on the novel and versatile approach to plant regeneration without the need for externally applying PGR. Moreover, the system used in this study has the potential to advance our understanding of the fundamental processes of plant cell differentiation and improve the biotechnological breeding of useful plant species.

Highlighting the applications of their work, Dr. Igawa remarks, "The reported system can improve plant breeding by providing a tool to induce cellular differentiation of GM plant cells without PGR application. Therefore, in societies where GM plants are accepted as products, it would accelerate plant breeding and reduce associated production costs."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240501091619.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Activity in a room stirs up nanoparticles left over from consumer sprays | ScienceDaily
Common household products containing nanoparticles -- grains of engineered material so miniscule they are invisible to the eye -- could be contributing to a new form of indoor air pollution, according to a Rutgers study.


						
In a study published in the journal Science of the Total Environment, a team of Rutgers researchers found people walking through a space, where a consumer product containing nanoparticles was recently sprayed, stirred residual specks off carpet fibers and floor surfaces, projecting them some three to five feet in the air. A child playing on the floor nearby would be more greatly affected than the adult, experiments showed.

"If an adult is walking in a room, and steps on some of these deposited particles, we found that the particles will be re-suspended in the air and rise as high as that person's breathing zone," said Gediminas Mainelis, a professor in the Department of Environmental Science at Rutgers School of Environmental and Biological Sciences, who led the study. "A child playing on the floor inhales even more because the concentrations of particles are greater closer to the ground."

While it's still too early to gauge the long-term effects of these particles on people's health, Mainelis said the results are important to contemplate. "At this point, it's more about increasing awareness so that people know just what they are using," he said.

A nanoparticle is a fleck of material ranging in size approximately between 1 and 100 nanometers. A nanometer is one-billionth of a meter. The human eye only can see particles larger than ~50,000 nanometers. A sheet of office paper is about 100,000 nanometers thick.

Nanoparticles are in a wide range of popular household products such as cleaners, disinfectants, sunscreen, hairsprays, and cosmetic mists and powders.

Nanomaterials, often made from silver, copper or zinc, have become widely used in industry because of the unusual properties they exhibit when manipulated on a microscopic level.




Scientists have found particles altered at the "nanoscale" can differ in important ways from the properties exhibited by the material in bulk. Some nanoparticles are stronger or have different magnetic properties compared with other forms or sizes of the same material. They can conduct heat or electricity more efficiently. They've been found to become more chemically reactive, reflect light better or change color.

Since nanoparticles differ substantially from the properties of the same material in aggregated form, researchers worry that nanoparticles may differ in terms of being more strongly toxic, with consequences for human health.

"There is very limited knowledge of the potential for exposure to nanoparticles from consumer products and resulting health effects," said Mainelis, who has been studying these substances since 2012.

Scientists have long been familiar with the fact that pollutant particles deposited on flooring surfaces could be resuspended by walking, Mainelis said. What wasn't known was whether particles from nanotechnology-enabled consumer sprays could be resuspended. Also, the factors affecting resuspension weren't well understood.

To learn more, Mainelis and his team constructed an enclosed, air-controlled chamber in a section of his laboratory with both carpeting and vinyl flooring. They used a small robot to simulate the actions of a child. And, wearing Tyvek suits and respirators, they walked the surface after seven products containing nanoparticles of silver, zinc, and copper were sprayed into the air, and measured the results.

They confirmed nanoparticles were released by the tested sprays and reached the human breathing zone. They found children could be exposed to higher particle mass concentrations than adults during spraying and resuspension of deposited particles. The study also showed resuspension of particles from carpets produced a higher concentration of particles than from the vinyl flooring. The researchers also concluded that the concentration of particles resuspended by their motion depended on the product.

The research can guide individuals on approaches to protect health, Mainelis said.

"We can use this knowledge to minimize our exposures, in this case to various nanomaterials," Mainelis said. "Overall, this work could help us understand the resulting exposures and support future studies on human exposure reduction." Other researchers on the study included Jie McAtee, a postdoctoral associate, and Ruikang He, a doctoral student who graduated in 2023 and is now a postdoctoral associate in China, both in the Department of Environmental Science at the Rutgers School of Environmental and Biological Science.
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Astronomers share climate-friendly meeting solutions | ScienceDaily
Carbon emissions associated with air travel to professional conferences make up a sizable fraction of the emissions produced by researchers in academia. Andrea Gokus, a McDonnell Center postdoctoral fellow in the Department of Physics in Arts & Sciences at Washington University in St. Louis, is advocating for a reduction of these emissions.


						
In a paper published in PNAS Nexus, Gokus and collaborators estimated the CO2-equivalent emissions for conference travel to all 362 open meetings in the field of astronomy in 2019.

The total is an estimated 42,500 tons, or about 1 ton per participant per meeting. But it doesn't have to be that way.

"Networking and discussing new scientific developments at meetings is important for advancing the field, but adjustments can be made to reduce their hefty carbon cost," Gokus said.

Via virtual meetings, the CO2-equivalent emissions due to travel can almost completely be eliminated. But such virtual offerings are often not regarded as efficient networking opportunities. Meeting organizers should consider preferentially locating conferences as close as possible to the majority of as many participants as possible, Gokus said, avoiding scenarios in which most are flying intercontinentally.

"My co-authors and I are all members of the grass-roots organization Astronomers for Planet Earth, or A4E," said Gokus, who first became interested in sustainable astronomy during the annual meeting of the European Astronomical Society in 2020, which took place virtually due to the pandemic. "There are several other papers covering the emissions from particular meetings, including some recurring ones. But our paper is the first systematic study of all open meetings in an entire field."

In addition to pure virtual meetings, Gokus and her co-authors propose hybrid formats and meetings held at a small number of physical hubs, which can then be virtually linked.




This approach has the potential to reduce long-haul (i.e., intercontinental) travel in particular, which contributes the majority of emissions. If intercontinental travel is unavoidable, the study authors suggest maximizing the time spent at the travel destination: by visiting the institutes of collaborators in the country, for example, and by choosing train or bus connections during such visits.

These choices not only make astronomy meetings greener, but they also can make astronomy more inclusive as a discipline, Gokus said. The researchers' findings and suggestions could be applied to other academic disciplines as well.

Traveling to meetings is often more challenging for those from less-wealthy institutes; those farther from North American and European hubs; people who have to manage complex visa bureaucracies; researchers with disabilities; and those with caretaking responsibilities, she explained.

In her own space sciences research at WashU, Gokus focuses on the high-energy emission of active galactic nuclei, in particular blazars. She is interested in the processes occurring in their jets and studies their flux and spectral variability using instruments that cover the entire electromagnetic spectrum.

"What is great about making meetings more sustainable is that it can easily go hand in hand with making astronomy more inclusive as well," Gokus said. "By making use of technology to connect virtually, we can foster a more inclusive collaborative approach, which can help us advance our understanding of the universe further. It is important that we work together as a community to achieve this goal, because there is no Planet B."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240430214455.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists show ancient village adapted to drought, rising seas | ScienceDaily
Around 6,200 BCE, the climate changed. Global temperatures dropped, sea levels rose and the southern Levant, including modern-day Israel, the Palestinian territories, Jordan, Lebanon, southern Syria and the Sinai desert, entered a period of drought.


						
Previously, archaeologists believed that this abrupt shift in global climate, called the 8.2ka event, may have led to the widespread abandonment of coastal settlements in the southern Levant. In a recent study published with the journal Antiquity, researchers at UC San Diego, the University of Haifa and Bar-Ilan University share new evidence suggesting at least one village formerly thought abandoned not only remained occupied, but thrived throughout this period.

"This [study] helped fill a gap in our understanding of the early settlement of the Eastern Mediterranean coastline," said Thomas Levy, a co-author on the paper, co-director of the Center for Cyber-Archaeology and Sustainability (CCAS) at the UC San Diego Qualcomm Institute (QI), inaugural holder of the Norma Kershaw Chair in the Archaeology of Ancient Israel and Neighboring Lands in the Department of Anthropology, and a distinguished professor in the university's Graduate Division. "It deals with human resilience."

Signs of Life

The village of Habonim North was discovered off Israel's Carmel Coast in the mid-2010s and later surveyed by a team led by the University of Haifa's Ehud Arkin Shalev.

Prior to its excavation and analysis, there was scant evidence for human habitation along the southern Levantine coast during the 8.2ka event. The dig, which took place during the COVID-19 lockdown and involved a weeks-long, 24/7 coordinated effort between partners at UC San Diego and the University of Haifa, was the first formal excavation of the submerged site.

Led by Assaf Yasur-Landau, head of the Leon Recanati Institute for Maritime Studies at the University of Haifa, and Roey Nickelsberg, a Ph.D. candidate at the University of Haifa, the international team excavated the site using a combination of sediment dredging and sampling, as well as photogrammetry and 3D modeling. Team members uncovered pottery shards or "sherds"; stone tools, including ceremonial weapons and fishing-net weights; animal and plant remains; and architecture.




Using radiocarbon dating, the researchers tested the recovered bones of wild and domesticated animals; the charred seeds of wild plants; crops like wheat and lentils; and weeds that tend to accompany these crops. Their results traced these organic materials back to the Early Pottery Neolithic (EPN), which coincided with both the invention of pottery and the 8.2ka event.

Habonim North's pottery sherds, stone tools and architecture likewise dated activity at the site to the EPN and, surprisingly, to the Late Pottery Neolithic, when the village was thought to have been abandoned.

As for how the village likely weathered the worst of the climate instability, the researchers point to signs of an economy that diversified from farming to include maritime culture and trade within a distinct cultural identity. Evidence includes fishing-net weights; tools made of basalt, a stone that does not naturally occur along this part of the eastern Mediterranean coast; and a ceremonial mace head.

"[Our study] showed that the Early Pottery Neolithic society [at Habonim North] displayed multi-layered resilience that enabled it to withstand the 8.2ka crisis," said Assaf Yasur-Landau, senior author on the paper. "I was happily surprised by the richness of the finds, from pottery to organic remains."

Through 3D "digital twin" technology and the Haifa -- UC San Diego QI collaboration, the researchers studying Habonim North have been able to recreate their excavation, virtually, and 3D-print artifacts, opening the path to further study. The team previously received an Innovations in Networking Award for Research Applications from the non-profit organization CENIC for "exemplary" work leveraging high-bandwidth networking during the COVID-19 pandemic.

Shifting the Focus to Resilience

Although scientists debate the cause of the 8.2ka event, some speculate that it began with the final collapse of the Laurentide ice sheet, which shaped much of the North American landscape in its retreat from modern-day Canada and the Northern United States.




As it melted, the ice sheet would have changed the flow of ocean currents, affecting heat transport and leading to the observed drop in global temperatures.

For the authors behind the study, the discovery of lasting and evolving social activity at Habonim North through this period of climate instability indicates a level of resilience in early Neolithic societies. Many of the activities uncovered at the village, including the creation of culturally distinct pottery and trade, formed the basis for later urban societies.

"To me, what's important is to change how we look at things," said Nickelsberg. "Many archaeologists like to look at the collapse of civilizations. Maybe it's time to start looking at the development of human culture, rather than its destruction and abandonment."
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Is it time to retire the best-before date? | ScienceDaily
The inventors of a suite of tests that enable food packages to signal if their contents are contaminated are working to bring producers and regulators together to get their inventions into commercial products, with the goal of preventing illness and reducing food waste.


						
Though the tests would cost just a few cents per package, food producers are reluctant to add costs that consumers will ultimately have to bear, say the McMaster researchers behind an article published today in the journal Nature Reviews Bioengineering.

A system based on smart packaging, the researchers say, would save producers from reputational and practical costs associated with outbreaks, dramatically reduce food waste and reduce health-care and lost-time costs associated with outbreaks. In all, the paper says, society would save hundreds of billions of dollars globally each year, more than justifying the cost of adding the technology to food packaging.

"On the one hand, people want to have safe food to eat. On the other, they don't want to pay more for their food, because prices are high already and seem only to be climbing higher," says the paper's corresponding author Tohid Didar, a biomedical engineer and entrepreneur. "We are eager to make people aware of the challenges that exist, and start a conversation between researchers, policy makers, corporations and consumers work together to come up with solutions for such challenges."

The researchers write that public agencies recognize the value of the new technology, and though they'd like to put it into play, they also know that introducing it would require sweeping changes to food regulations and packaging practices -- changes that may face resistance.

It's a challenge the researchers recognize, but with so much potential benefit at stake, they say everyone will ultimately win once the technology comes into broad use.

The current practice of marking fresh foods with a "best before" or "consume by" date is arbitrary and far too conservative, the researchers say, often causing perfectly safe food to be wasted, which imposes huge costs that producers and consumers are already paying for, whether directly or indirectly.




Canada wastes $40 billion worth of food every year -- more per capita than the US or UK, Didar says.

Discarding food unnecessarily also has significant social, economic and environmental costs, given concerns over scarcity and access to food, and the ecological impacts of throwing away unused food and packaging.

Since 2018, the group of McMaster engineers and biochemists behind the paper has invented and proven the viability of several packaging-based methods for detecting or halting spoilage, including:
    	Sentinel Wrap: plastic wrapping that can detect and visibly signal when contents such as meat, cheese or produce has gone bad
    	a hand-held test that produces real-time results that allow wholesalers and retailers using special readers to detect, isolate and withdraw specific lots of spoiled goods before they can be sold, avoiding huge recalls that affect entire categories of food
    	Lab-on-a-package: a tiny, self-activating test incorporated into a tray of chicken, fish or meat, for example, which produces a visible signal when a product has gone bad
    	a sprayable, food-safe gel composed of beneficial, organic bacteriophages, which eliminates harmful bacteria that cause food contamination.

The monitoring technologies are made to read biochemical signals from common culprits in spoilage, such as Listeria, Salmonella and E coli, using readily adaptable platforms, but getting them into the marketplace has been challenging.

"It's one thing to do research in the lab, publish papers and file patents, but it's another to have a product that's tangible -- that people can use," says the paper's lead author Shadman Khan, a PhD candidate and Vanier Scholar in Didar's lab. "We are building a collaborative network with government regulators and industrial partners. That is allowing us to see the big-picture issues and adapt to what we learn will and won't work."

The authors, who also include faculty members Yingfu Li, Zeinab Hosseinidoust and Carlos Filipe, have been working with producers in North America and Europe and government regulators including the Canadian Food Inspection Agency.

Changing the calendar-based food freshness and safety system to a detection-based system will be a huge effort, but in their paper, the inventors say it's past time to bring the technology up to date.
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Missing link in species conservation: Pharmacists, chemists could turn tide on plant, animal extinction | ScienceDaily
As the world faces the loss of a staggering number of species of animals and plants to endangerment and extinction, one University of Michigan scientist has an urgent message: Chemists and pharmacists should be key players in species conservation efforts.


						
"Medicinal chemistry expertise is desperately needed on the frontlines of extinction," said Timothy Cernak, assistant professor of medicinal chemistry at the U-M College of Pharmacy. "Animals are dying at staggering rates, but they don't have to. Modern bioscience has achieved enormous breakthroughs in treating disease in humans, and the same medications, and the science behind them, can be applied in the wild."

Local and global efforts to reduce environmental damage are underway, but they are too slow to save the many ailing populations in the wild, he said.

"We are in the middle of a mass extinction. We are chasing mass die-offs around the world. Lowland gorillas, Argentinian penguins, the akikiki bird in Hawaii, loggerhead turtles in Florida. The list goes on, and many precious plants are also hanging by a thread," he said. "So it's critical to bring the power of modern pharmaceuticals and the dosing expertise of medicinal chemistry into conservation efforts."

Cernak and a team of young scientists, including a local high school student, make the case for establishing and nurturing the emerging field of conservation medicine in a research article published this week in the Journal of Medicinal Chemistry.

"It's hard-core science. It's bringing the lens of medicinal chemistry and modern pharmaceuticals into the conversation to save other species," Cernak said. "Drivers of the current mass extinction include habitat loss, global warming and overharvesting, but one specific root cause -- wildlife disease -- seems ripe for intervention. Medicinal chemistry is that intervention."

Cernak, in one of many roles and research projects, receives samples of dead and ailing species from around the world. Using the same methods and models used to find compounds that work against human disease, his lab at U-M, which recently brought a veterinarian on board, tests chemical compounds on samples to see which ones respond to disease-causing organisms. A major focus is fungus, the single-largest killer of amphibians.




In their paper, the authors propose a new role for chemistry and pharmacy on the frontlines of preventing extinction: "A long-term solution to mass extinction is to fix climate change and habitat loss using new technologies and new policies. As a bandage for the short term, chemistry in service of endangered species is needed.

"Medicinal chemists interested in preventing extinction are encouraged to talk to zookeepers, foresters, veterinarians, entomologists, wildlife rehabilitators and conservationists to learn about the challenges and solutions where conservation medicine could make an impact, and to share their wisdom from the frontlines of drug discovery."

Cernak is pushing for a new, impactful field of science.

"At the higher level, my mission is to have pharmaceutical companies be involved in this space and young scientists view this as the field they want to go into -- a field that doesn't really exist at this point," he said. "A more immediate goal is fundraising and more research as the field and the value of the field is established."

From deadly fungus decimating Panamanian golden frogs, cancerous tumors killing loggerhead turtles and the numerous pests and illnesses sickening plants such as the hemlock tree, there is no shortage of challenges for conservation medicine to tackle.

One of those challenges may be preventing a disease from threatening public health.




"In January, 96% of sea lion pups in Argentina died in January from avian flu. If it reaches humans, what are we going to do?" Cernak said. "There may be just five akikiki songbirds left in the wild. They are dying from malaria and pox, diseases that can be treated in humans."

Studying wildlife diseases could also provide critical insights to medicinal chemists focused on human health, he said, and possibly a new paradigm where drug development and dosing prediction models, which are currently trained heavily on pharmacokinetics in rodents, could be diversified.

"The problem is that too often, conservationists who are trying desperately to treat and save dwindling populations aren't equipped with the latest pharmaceutical science and tools," he said. "Given current knowledge gaps, they may not know which drug will work best or what the right dosage might be for an endangered species."

Bringing chemists and pharmacists into the conservation fold isn't meant to diminish veterinarians and conservation groups, but to blend their experience and expertise and achieve the same goals of saving lives -- and the ecosystem, Cernak said.

"Modern medicine could prevent the extinction of endangered species. Wildlife disease is a major driver of the current mass extinction yet therapeutic intervention in nonhuman species remains poorly understood," he said. "In zoos, botanical gardens and animal rehabilitation centers, many diseases are treatable, but the understanding of medicine for endangered species lags far behind our current understanding of human medicine."

At this moment, Cernak's lab is not only researching faster, safer pharmaceutical development for humans but also testing the Panamanian golden frogs afflicted with a fungus that threatens their existence.

Cernak supports the Centers for Disease Control and Prevention's concept of One Health, which recognizes the connection between the health of people, animals and the environment.

"We look at plants and animals the same," he said. "The concept of One Health Pharmacy -- plants, humans and animals -- is we treat any that are sick or in need."

Cernak's lab has advanced the use of artificial intelligence and other technology in speeding up the process of drug discovery. He said that only increases the opportunities to help animals and plants sooner than later.

"Streamlining drug and agrochemical discovery with automation and artificial intelligence is likely to usher in a future era of accelerated medicinal invention tailored to specific patient populations," Cernak and team wrote in their paper.

"While it may still be decades away, one can imagine a future where it is possible to feed a chatbot prompts like, 'Invent a single-dose antiviral for elephant endotheliotropic herpesvirus with optimal pharmacokinetic properties for Asian elephants.' Exciting applications of medicinal chemistry on threatened and endangered species are beginning to offer hope."

Cernak's co-authors include: Tesko Chaganti, a student at Canton High School, Canton, Michigan; Chun-Yi Tsai, a graduate student in U-M's Department of Chemistry; Yu-Pu Juang, a postdoctoral researcher in the Cernak Lab; and Mohamed Abdelalim, a visiting research investigator at U-M.
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Researchers develop an AI model to reduce uncertainty in evapotranspiration prediction | ScienceDaily
When scientists look at the Earth's available water for ecosystem services, they don't just look at precipitation. They must also account for water moving from the ground to the atmosphere, a process known as evapotranspiration (ET). ET includes evaporation from soil and open water pools such as lakes, rivers, and ponds, as well as transpiration from plant leaves. The difference between precipitation and ET indicates the water balance available for societal needs, including agricultural and industrial production. However, measuring ET is challenging. A new study from the University of Illinois Urbana-Champaign presents a computer model that uses artificial intelligence (AI) for ET prediction based on remote sensing estimates.


						
"Ground-based ET estimates capture the local fluxes of water transferred to the atmosphere but are limited in scale. In contrast, satellite data provide ET information on a global scale. Still, they are often incomplete due to clouds or sensor malfunction, and the satellite cycle over an area may require several days. We conducted this research to predict missing data and to generate daily continuous ET data that accounts for the dynamics of land use and atmospheric air movement," said lead author Jeongho Han, a doctoral student in the Department of Agricultural and Biological Engineering (ABE), part of the College of Agricultural, Consumer and Environmental Sciences and The Grainger College of Engineering at Illinois.

The researchers created the "Dynamic Land Cover Evapotranspiration Model Algorithm" (DyLEMa) based on decision-tree machine learning models. This algorithm is intended to predict missing spatial and temporal ET data using trained seasonal machine learning models. DyLEMa was evaluated to the scale of Illinois on a daily 30 x 30-meter grid for 20 years using data from NASA, the U.S. Geological Survey, and the National Oceanic and Atmospheric Administration.

"DyLEMa is much more detailed and complex than other models. It distinguishes between different land uses, including forest, urban, and agriculture, and different crops, such as corn and soybean. The model includes precipitation, temperature, humidity, solar radiation, vegetation stage, and soil properties. This allows us to capture the surface dynamics accurately and predict ET based on multiple variables. This is especially important for agricultural landscapes where crops change rapidly," said co-author Jorge Guzman, research assistant professor in ABE.

The researchers tested the model's accuracy by comparing its results with existing data. For validation over time, they used ground measurements from 2009 to 2016 at four sites in Illinois. Also, to test spatial accuracy, they created artificial scenarios where they inserted a synthetic cloud in a cloud-free image, then applied their algorithm and compared the results with the original data. Overall, DyLEMa reduced ET prediction uncertainty in cumulated ET estimates from an average of +30% (overpredicted) to around -7% (underpredicted) compared to existing measurements, indicating much greater accuracy.

The study is part of a larger project on soil erosion funded by the USDA National Institute of Food and Agriculture. Maria Chu, an associate professor in ABE, is the principal investigator on that project and co-author of the new paper.

"ET controls the soil moisture content and vice versa, which impacts surface processes such as runoff and erosion. Our next step is to integrate our data in a distributed hydrological model for better estimation of soil erosion," Chu said.

"One of the challenges with land management practices is that people may not see the benefit of implementing changes right away. But with this model, we can show that what you are doing now will have a long-term impact, for instance, 10 or 20 years from now and at locations far from your farm. This is the power of using data and computing capacity for engaging communities and informing policy measures," Chu added.

The researchers worked with the National Center for Supercomputing Applications (NCSA) and the Illinois Campus Cluster Program (ICCP) to process data and train models. They plan to make their data, including output for 20 years in Illinois, available for other researchers.
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Climate change and mercury pollution stressed plants for millions of years | ScienceDaily
The link between massive flood basalt volcanism and the end-Triassic (201 million years ago) mass-extinction is commonly accepted. However, exactly how volcanism led to the collapse of ecosystems and the extinction of entire families of organisms is difficult to establish. Extreme climate change from the release of carbon dioxide, degradation of the ozone layer due to the injection of damaging chemicals, and the emissions of toxic pollutants, are all seen as contributing factors. One toxic element stands out: mercury. As one of the most toxic elements on Earth, Hg is a metal that is emitted from volcanoes in gaseous form, and thus has the capacity to spread worldwide. A new study in Nature Communications adds new compelling evidence for the combined effects of global warming and widespread mercury pollution that continued to stress plants long after volcanic activity had ceased.


						
An international team of Dutch, Chinese, Danish, British, and Czech scientists studied sediments from Northern-Germany in a drill-core (Schandelah-1) that spans the uppermost Triassic to lower Jurassic for microfossils and geochemical signals. A study of pollen and spore abundances revealed a profusion of fern spores showing a range of malformations, from abnormalities in wall structure to evidence for botched meiotic divisions, leading to unseparated, dwarfed, and fused fern spores. "Seeing the sheer amount and different types of malformed fern spores in sediment samples from a coastal lagoon, dating back 201 million years ago is truly astonishing. It means there must have been very many ferns being stressed," explains Remco Bos, a PhD candidate at Utrecht University and lead author of the study. "It is also not something we see regularly during other periods that also contain many fern fossils, making it a true signal connected to the end-Triassic mass-extinction event."

Deforestation and ferns

The results from Bos and co-authors confirm earlier work by co-authors Sofie Lindstrom (University of Copenhagen), Hamed Sanei (Aarhus University), and Bas van de Schootbrugge (Utrecht University), who previously produced similar data obtained from cores from Denmark and from nearby outcrops in Sweden. According to Sofie Lindstrom: "Ferns replaced trees across the extinction interval in response to dramatic environmental changes likely driven by heat stress, strongly increased monsoonal rainfall, and increased forest fire activity. Palynological results show that a pioneering fern vegetation spread across vast swaths of coastal lowlands in Northwestern Europe from Sweden and Denmark to Germany, France, Luxemburg, and Austria in response to widespread deforestation." Ferns are hardy plants, often colonizing disturbed environments, including newly formed volcanic islands or landscapes devastated by volcanism or wildfires. "What is extraordinary here is that the ferns that produced all these malformed spores in all these different sites, did not go extinct. While other plants went extinct, ferns were apparently robust enough to continue, which could also be related to their different mercury tolerance."

Climate variability

In this new study, Bos and co-authors show that the ferns, which took advantage of the dieback of forests, themselves were subjected to stress from Hg-pollution well beyond the immediate extinction interval. "We found four more intervals with high levels of Hg concentrations and high numbers of malformed spores in the 1.3 to 2 million years following the extinction interval," explains Remco Bos. This interval, known as the Hettangian, was a time of continuing adverse conditions in the oceans, with generally low diversities among marine invertebrates, such as ammonites and bivalves. On land, however, vegetation appeared to have recovered quicker. "We now show that this forest ecosystem continued to be perturbed repeatedly for at least 1.3 million years, but perhaps as long as 2 million years," Bos explains.

The four additional episodes of high Hg concentrations and high fern spore malformations were unlikely connected to later phases of Central Atlantic Magmatic Province volcanism. Instead, Bos and co-authors show that these periods correspond closely to the long eccentricity cycle, the major variation in the shape of Earth's orbit that moves Earth closer or further away from the Sun every 405 thousand years. During eccentricity maxima Earth moves closer to the Sun allowing for more sunlight to reach the Earth surface. As the Earth's atmosphere was already supercharged with carbon dioxide from the large-scale volcanism, this cyclic modulation of the climate system repeatedly triggered forest dieback, allowing for the renewed spread of pioneer ferns. As is shown by the correlation with high Hg contents, malformations in fern spores during these episodes were also the result of mercury poisoning. But where did this Hg come from?




Hg-isotopes

A crucial data set was generated at Tianjin University (China) by Wang Zheng, a co-corresponding author and geochemist specialized in metal isotope studies, especially Hg-isotopes. Mercury has different stable isotopes that behave differently in the environment. During reactions in nature, for example the expulsion from volcanism, deposition from the atmosphere, and the uptake by organisms, Hg-isotopes can become fractionated, enriching one pool in heavier isotopes, and others in lighter isotopes. Sediments with elevated levels of Hg and malformed spores also show clear variations in Hg-isotopes. "Based on the Hg-isotope variations we were able to link an initial pulse in Hg enrichment at the Triassic-Jurassic boundary to the emission of mercury from flood basalt volcanism," Wang Zheng explains. "However, the four other pulses in mercury had a different isotopic composition, indicating they were mainly driven by Hg input from soil erosion and photochemical reduction."

Climate change and toxic pollution

The combined geochemical and microfossil data thus paint a picture of a much more complex and drawn-out sequence of events, starting with massive volcanism driving climate change and releasing toxic pollutants, followed by episodic pulses of disturbance in the aftermath of the extinction event lasting for at least 1.3 million years. Dr. Tomas Navratil from the Czech Academy of Sciences, a co-author on the paper and a specialist for modern-day mercury pollution, agrees with this scenario. "Our work on polluted sites in the Czech Republic does show evidence for episodic remobilization from forest soils, especially during hot summers, and in places that are more exposed to sunlight causing the photochemical reduction of mercury and re-release to the atmosphere of previously stored mercury."

"We know that mass-extinction events were complex and long-lasting events. Here we show that a mix of greenhouse warming and pollution led to continued ecosystem perturbation. Coastal ecosystems likely suffered the most by receiving large amounts of mobilized mercury from vast catchment areas. Eventually, the system recovered during the Sinemurian, when we see stable forested biomes appear. It is likely that by that time, Earth had cleaned up the mess, carbon dioxide levels went down, and mercury was buried for good in offshore marine sediments," Bos concludes.
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Low-intensity grazing is locally better for biodiversity but challenging for land users, a new study shows | ScienceDaily
The grazing of both domestic and wild animals is shaping landscapes across Europe. It can also contribute to multiple ecosystem services, such as providing habitat for biodiversity. Grazing systems with lower densities of animals and with minimal and only targeted applications of deworming and other medicinal treatments offer benefits for local biodiversity protection and various ecosystem services. However, this type of land management also poses a range of challenges, leading to a constant decline in the number of land users engaged in low-intensity grazing. A team of researchers led by iDiv, UL, and UFZ set out to investigate these challenges and potential interventions in eight European case studies. Between 2019 and 2021, they conducted 74 face-to-face interviews with farmers, landowners, livestock owners, and managers of a rewilding area with semi-wild herbivores, like wild ponies or semi-wild cattle.


						
Land users rely on subsidies, but money is not everything 

The researchers focused on the motivation and challenges driving decision-making among all land users engaged in low-intensity grazing practices. This was despite economic considerations becoming increasingly important as land users' revenue-generating activities are no longer sufficient to cover the rising cost of equipment, rent, and taxes.

"Money is not everything. Many of the land users we interviewed practice this type of grazing management because they think it is good, not out of economic motivation," says first author Dr Julia Rouet-Leduc. Rouet-Leduc led the project as a former doctoral researcher at iDiv and UL and is now a postdoctoral researcher at the Stockholm Resilience Centre. Caring for nature and, in some cases, also the desire to maintain traditional agricultural practices were important aspects of the land users' motivation. For example, a land user working with wild ponies in Galicia (Spain) shared: "The main reason for the maintenance of this system is that people ... love the ponies; they 'have a fever', and this tradition runs very deeply in their hearts."

The researchers found that many land users struggle with rules and regulations that are incompatible with low-intensity grazing management. For example, rules to mark or tag livestock -- an extremely challenging task when animals are allowed to graze freely in large areas -- were perceived as limiting. Land users also felt that the policies in place, especially the Common Agricultural Policy of the European Commission (CAP), were holding back nature-friendly and sustainable practices. For example, a land user in Romania noted that farmers were required to remove scrubs from their pastures or they would otherwise not be eligible for subsidies or even have to pay penalties. However, scrubs have important ecosystem functions, such as providing shade in the summer and as an additional food resource in the winter. In general, the CAP was perceived as too restrictive, and many land users chose not to apply for subsidies at all. "By not applying for CAP support, we have the freedom to really see what suits the local ecosystem," a Belgian land user stated.

Rural exodus is putting traditional labour at risk

The interviews also showed that many land users struggle with socio-economic changes in the countryside. The so-called 'Rural Exodus' is leading to a lack of workforce, while physical work is still very much needed, especially for work with cattle or horses. "The next generation does not want to farm because it is too hard, too much work," a land user from Lithuania said. "They usually move abroad and choose easier career options'.'




"The CAP could support farmers in High Nature Value farming regions and put incentives in place to preserve or restore extensive grazing systems," senior author Dr Guy Pe'er, a senior researcher at UFZ and iDiv, suggests. "It's not a lack of budgets but rather the lack of ambition to support sustainable farming."

More flexibility and improved market access needed

The researchers used the interviews to derive and suggest interventions to encourage better grazing practices. "What is needed is more flexibility for land users," Rouet-Leduc says. "Current policies are, for the most part, not encouraging such practices, and particularly not offering a level playing field for land users." While the EU's CAP offers important economic support, it also drives counter-productive management due to problematic requirements, she adds. Additional financial incentives could improve the support for more sustainable grazing management, according to the study's authors. Especially in areas where land has been abandoned, there can be opportunities for rewilding large herbivores, which ultimately provide multiple ecosystem services. However, such systems require flexibility since they differ from management approaches with domestic animals.

The researchers also call for better labelling and certification for environmentally friendly grazing practices to increase public support and to help develop markets for such products. Some of the interviewed land users felt that market access could be improved by supporting direct marketing, for example, via farm shops.

"There are clearly real challenges for farmers, and they are not easy to overcome," Pe'er explains in light of ongoing farmers' demonstrations in countries like Germany, Poland, and Italy. "But removing environmental standards will not help land users. They need a package that includes an ambitious CAP reform, providing real support for farmers who need it to be more sustainable; the Nature Restoration Law to improve the standards of good management; and a framework for sustainable food systems to improve the market options for sustainable farming."
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Methane emissions from landfill could be turned into sustainable jet fuel in plasma chemistry leap | ScienceDaily
In a world first, University of Sydney researchers have developed a chemical process using plasma that could create sustainable jet fuel from methane gas emitted from landfills, potentially creating a low-carbon aviation industry.


						
Methane is a far more potent greenhouse gas than carbon dioxide (CO2). According to the International Energy Agency, the concentration of methane in the atmosphere is currently around two-and-a-half times greater than pre-industrial levels and is increasing steadily, with waste emissions and the burning of fossil fuels accounting for a significant proportion.

The research was published in the Journal of the American Chemical Society.

Australia recently joined the international methane mitigation agreement with the United States, the European Union, Japan and the Republic of Korea.

Lead author, Professor PJ Cullen from the University of Sydney's School of Chemical and Biomolecular Engineering and Net Zero Initiative said: "Globally, landfills are a major emitter of greenhouse gases, mainly a mixture of CO2 and methane. We have developed a process that would take these gases and convert them into fuels, targeting sectors that are difficult to electrify, like aviation."

"Modern landfill facilities already capture, upgrade and combust their gas emissions for electricity generation, however, our process creates a much more environmentally impactful and commercially valuable product," he said.

Global landfill emissions are estimated at 10-20 million tonnes of greenhouse gases per year, a value comparable to the emissions of the global energy sector.




Aviation currently accounts for approximately three percent of the world's emissions. Creating a "closed loop" fuel based on existing emissions would eliminate the need for traditional and sustainable jet fuels, which add further emissions into the atmosphere.

How plasma makes the process work

The process would work by extracting methane from a landfill site, known as a methane well, which uses a shaft-like mechanism to extract gases.

"The beauty of this is that this simple process captures almost the exact composition that we need for our process," said Professor Cullen.

"Non-thermal plasma is an electricity-driven technology which can excite gas at both a low temperature and atmospheric pressure. Essentially, what this means is this approach facilitates the conversion of the gas into value-added products by inducing plasma discharge within forming gas bubbles. The process doesn't require heat or pressure, meaning it requires less energy, making it highly compatible with renewable energy power sources."

DISCLOSURE

Authors PJ Cullen, Emma Lovell and Tianqi Zhang are associated with PlasmaLeap Technologies, the supplier of the plasma technology employed to generate plasma bubbles in this study.

The authors acknowledge the MagRes node at Sydney Analytical Core Research Facility for access to the NMR infrastructure, Michelle Wood at Sydney Analytical for additional assistance in ATR-FTIR and Aditya Rawal at the University of New South Wales Mark Wainwright Analytical Centre for solid-state NMR measurements.
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Big data reveals true climate impact of worldwide air travel | ScienceDaily
For the first time ever, researchers have harnessed the power of big data to calculate the per-country greenhouse gas emissions from aviation for 197 countries covered by an international treaty on climate change.


						
When countries signed the 1992 United Nations Framework Convention on Climate Change treaty, high-income countries were required to report their aviation-related emissions. But 151 middle and lower income countries, including China and India, were not required to report these emissions, although they could do so voluntarily.

This matters because the United Nations Framework Convention on Climate Change relies on country reports of emissions during negotiations on country-specific emissions cuts.

"Our work fills the reporting gaps, so that this can inform policy and hopefully improve future negotiations," says Jan Klenner, a PhD candidate at NTNU's Industrial Ecology Programme and the first author of the new article, which was recently published in Environmental Research Letters.

The new data show that countries such as China, for example, which did not report its 2019 aviation-related emissions, was second only to the United States when it came to total aviation-related emissions.

"Now we have a much clearer picture of aviation emissions per country, including previously unreported emissions, which tells you something about how we can go about reducing them," said Helene Muri, a research professor at the Norwegian University of Science and Technology's Industrial Ecology Programme. Muri was one of Klenner's supervisors and a co-author of the paper.

Big surprises -- or not

As might be expected, the United States is at the top of the list of emitters when it comes to the total sum of aviation emissions for both international and domestic flights.




"When we looked at how emissions are distributed per capita, we could see that economic well-being leads to more aviation activity," Klenner said.

That analysis also showed that wealthy Norway, with just 5.5 million people, was third place overall, just behind the US and Australia, when domestic emissions were calculated on a per-capita basis.

Klenner tested the model he developed for this analysis by using data from Norway. He published a paper reporting those results in 2022.

You might think that Norway's geography -- a long, narrow country with lots of mountains and a sparsely populated northern area -- would be the culprit behind the numbers. But Klenner's 2022 analysis showed that fully 50 per cent of Norway's domestic flights were between the country's major cities, Oslo, Trondheim, Stavanger, Bergen and Tromso.

"The per person emissions in Norway were incredibly high," Muri, who also co-authored that paper, said. "With this data set we can confirm that from a Norwegian perspective we have a lot of work to do, because we are third in the world when it comes to emissions per person from domestic emissions."

A role for big data

Anders Hammer Stromman, a professor at NTNU's Industrial Ecology Programme and Klenner's co-supervisor, said one important aspect of the study is that it shows how big data can be used to help in regulating climate emissions. Stromman was also a co-author of the new paper.




"I think it very nicely illustrates the potential in this type of work, where we have previously relied on statistical offices and reporting loops that can take a year or more to get this kind of information," he said. "This model allows us to do instant emissions modeling -- we can calculate the emissions from global aviation as it happens."

The model, called AviTeam, is the first to provide information for the 45 lesser-developed countries that have never inventoried their greenhouse gas emissions from aviation. Stromman says the model provides these countries with information that might be otherwise difficult or impossible for them to collect.

The abillity to calculate nearly real-time aviation emissions could also provide an important tool as the industry makes changes to de-carbonize.

"In the transition where we're talking about the introduction of new fuels and new technologies, this type of big data allows us to identify those types of corridors or operations where it makes sense to test those strategies first," Stromman said.
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New and improved way to grow the cells that give rise to the kidney's filtration system | ScienceDaily

"By enhancing our capability to grow NPCs from human stem cells, we create a new avenue for understanding and combating congenital kidney diseases and cancer," said corresponding and lead author Zhongwei Li, an assistant professor of medicine, and stem cell biology and regenerative medicine at the Keck School of Medicine of USC.

In the study, funded in part by the National Institutes of Health, Li Lab postdocs Biao Huang and Zipeng Zeng and their collaborators improved the chemical cocktail for generating and growing NPCs in the laboratory.

This improved cocktail enables the sustained growth of both mouse and human NPCs in a simple 2-dimensional format. This marks a major improvement over the previous 3-dimensional system, which was not only more cumbersome, but also limited the ability to perform genome editing on the cells.

The cocktail also enables the expansion of induced NPCs (iNPCs) from human pluripotent stem cells. These iNPCs closely resemble native human NPCs. With this approach, iNPCs can be generated from any individual starting with a simple blood or skin biopsy. This approach will facilitate the creation of patient-specific kidney disease models and enhance efforts to identify nephron targeted drugs.

Moreover, the cocktail is powerful enough to reprogram a differentiated type of kidney cell known as a podocyte into an NPC-like state.

Demonstrating the practical applications of their breakthrough, the scientists performed genome editing on the NPCs to screen for genes related to kidney development and disease. This screening identified previously implicated genes, as well as novel candidates.




In a further demonstration, the scientists introduced the genetic mutations responsible for polycystic kidney disease (PKD) into the NPCs. These NPCs developed into mini-kidney structures, known as organoids, exhibiting cysts -- the hallmark symptom of PKD. The team then used the organoids to screen for drug-like compounds that inhibited cyst formation.

"This breakthrough has potential for advancing kidney research in many critical ways -- from accelerating drug discovery to unraveling the genetic underpinnings of kidney development, disease, and cancer," said Li. "Importantly, it also provides supplies of NPCs as critical building blocks to build synthetic kidneys for kidney replacement therapy."

Eighty percent of this work was supported by federal funding from the National Institutes of Health (NIH) (grant numbers DK054364, and T32HD060549) and the NIH Common Fund's High-Risk High-Reward Research program (grant number DP2DK135739). Additional support came from University Kidney Research Organization (UKRO) foundation funding, a Keck School of Medicine of USC Dean's Pilot Award, a USC Stem Cell Challenge Grant, a USC Provost's Undergrad Research Fellowship, a Chan Zuckerberg Initiative seed network grant (CZIF2019-002430), and a CIRM Bridges Award.

McMahon is a scientific advisor or consultant for Novartis, eGENESIS, Trestle Biotherapeutics, GentiBio, and IVIVA Medical. Li, Huang, Zeng, McMahon, Hallows, and Pastor-Soler have applied for intellectual property protection for technologies described in this study.
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Biodegradable 'living plastic' houses bacterial spores that help it break down | ScienceDaily
A new type of bioplastic could help reduce the plastic industry's environmental footprint. Researchers led by the University of California San Diego have developed a biodegradable form of thermoplastic polyurethane (TPU), a soft yet durable commercial plastic used in footwear, floor mats, cushions and memory foam. It is filled with bacterial spores that, when exposed to nutrients present in compost, germinate and break down the material at the end of its life cycle.


						
The work is detailed in a paper published on April 30 in Nature Communications.

The biodegradable TPU was made with bacterial spores from a strain of Bacillus subtilis that has the ability to break down plastic polymer materials.

"It's an inherent property of these bacteria," said study co-senior author Jon Pokorski, a nanoengineering professor at the UC San Diego Jacobs School of Engineering and co-lead of the university's Materials Research Science and Engineering Center (MRSEC). "We took a few strains and evaluated their ability to use TPUs as a sole carbon source, then picked the one that grew the best."

The researchers used bacterial spores, a dormant form of bacteria, due to their resistance to harsh environmental conditions. Unlike fungal spores, which serve a reproductive role, bacterial spores have a protective protein shield that enables bacteria to survive while in a vegetative state.

To make the biodegradable plastic, the researchers fed Bacillus subtilis spores and TPU pellets into a plastic extruder. The ingredients were mixed and melted at 135 degrees Celsius, then extruded as thin strips of plastic.

To assess the material's biodegradability, the strips were placed in both microbially active and sterile compost environments. The compost setups were maintained at 37 degrees Celsius with a relative humidity ranging from 44 to 55%. Water and other nutrients in the compost triggered germination of the spores within the plastic strips, which reached 90% degradation within five months.




"What's remarkable is that our material breaks down even without the presence of additional microbes," said Pokorski. "Chances are, most of these plastics will likely not end up in microbially rich composting facilities. So this ability to self-degrade in a microbe-free environment makes our technology more versatile."

Although the researchers still need to study what gets left behind after the material degrades, they note that any lingering bacterial spores are likely harmless. Bacillus subtilis is a strain used in probiotics and is generally regarded as safe to humans and animals -- it can even be beneficial to plant health.

In this study, the bacterial spores were evolutionary engineered to survive the high temperatures necessary for TPU production. The researchers used a technique called adaptive laboratory evolution to create a strain that is resilient to extrusion temperatures. The process involves growing the spores, subjecting them to extreme temperatures for escalating periods of time, and allowing them to naturally mutate. The strains that survive this process are then isolated and put through the cycle again.

"We continually evolved the cells over and over again until we arrived at a strain that is optimized to tolerate the heat," said study co-senior author Adam Feist, a bioengineering research scientist at the UC San Diego Jacobs School of Engineering. "It's amazing how well this process of bacterial evolution and selection worked for this purpose."

The spores also serve as a strengthening filler, similar to how rebar reinforces concrete. The result is a TPU variant with enhanced mechanical properties, requiring more force to break and exhibiting greater stretchability.

"Both of these properties are greatly improved just by adding the spores," said Pokorski. "This is great because the addition of spores pushes the mechanical properties beyond known limitations where there was previously a trade off between tensile strength and stretchability."

While the current study focused on producing smaller lab-scale quantities to understand feasibility, the researchers are working on optimizing the approach for use at an industrial scale. Ongoing efforts include scaling up production to kilogram quantities, evolving the bacteria to break down plastic materials faster, and exploring other types of plastics beyond TPU.

"There are many different kinds of commercial plastics that end up in the environment -- TPU is just one of them," said Feist. "One of our next steps is to broaden the scope of biodegradable materials we can make with this technology."

This work was supported by the U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy and Advanced Manufacturing Office (DE-EE0009296), UC San Diego Materials Research Science and Engineering Center (MRSEC) and the National Science Foundation (DMR-2011924).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240430131849.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers parse oddity of distantly related bats in Solomon Islands that appear identical | ScienceDaily
A study of body size in leaf-nosed bats of the Solomon Islands has revealed surprising genetic diversity among nearly indistinguishable species on different islands.


						
The research team behind the study from the University of Melbourne, Australia, included several evolutionary biologists from the University of Kansas -- who collected specimens in the field, conducted genetic analysis and co-wrote the research appearing in the journal Evolution.

"This is genus of bats called Hipposideros with multiple species all over Southeast Asia in the Pacific," said co-author Rob Moyle, senior curator of ornithology with the KU Biodiversity Institute and Natural History Museum, whose lab conducted much of the investigation. "In the Solomon Islands, where we've been doing a lot of fieldwork, on each island there can be four or five different species, and they parse out in terms of body size. There's a small, medium, large -- or if there's more than three species, there's a small, medium, large and extra large. On one island there's five, so there's an extra small."

According to Moyle, who also serves as professor of evolutionary biology at KU, previous generations of researchers reviewed the bats' morphology, or physical traits, and concluded they're one species.

"You go from one island to the next, and the medium-sized species is identical to the other islands," he said. "Biologists have always looked at those and said, 'OK, it's obvious. There's a small, medium and large size species distributed across multiple islands.'"

However, Moyle and his collaborators had more modern analysis at their disposal. In sequencing the DNA of bats they collected from the field (along with specimens from museum collections), the team found the large and extra large bat species weren't actually closely related.

"That means that somehow these populations arrived at this identical body size and appearance not by being closely related -- but we usually think identical-looking things are that way because they're really closely related," Moyle said. "It brings up questions like what's unique about these islands that you'd have convergence of body size and appearance into really stable size classes on different islands."

The team performed precise measurements on bats from different islands, confirming previous work by scientists in the Solomon Islands.




"All the large ones from different islands all clustered together in their measurements," Moyle said. "It's not just that the earlier biologists made a mistake. They looked at them and said, 'Oh, yeah, they're the same.' And they're actually not. We measured them, and they're all clustered together, though they're different species. We verified -- sort of -- that earlier morphological work."

Moyle's collaborators included lead author Tyrone Lavery of the University of Melbourne and KU's Biodiversity Institute and Natural History Museum. Other KU co-authors include Devon DeRaad, doctoral student, and Lucas DeCicco, collections manager, both of the Biodiversity Institute and Natural History Museum; and Karen Olson of both KU and Rutgers University. They were joined by Piokera Holland of Ecological Solutions Solomon Islands; Jennifer Seddon of James Cook University and Luke Leung of the Rodent Testing Centre in Gatton, Australia.

Genetic analysis that revealed the bats weren't closely related was performed at KU's Genome Sequencing Core.

"When we created family trees using the bats' DNA, we found that what we thought was just one species of large bat in the Solomon Islands was actually a case where bigger bats had evolved from the smaller species multiple times across different islands," Lavery said. "We think these larger bats might be evolving to take advantage of prey that the smaller bats aren't eating."

DeRadd said the work could be "highly relevant" for conservation efforts in identifying evolutionarily significant units in this group.

"Body size had misled the taxonomy," DeRadd said. "It turns out every island's population of extra-large bats is basically genetically unique and deserving of conservation. Understanding that is really helpful. There are issues with deforestation. If we don't know whether these populations are unique, it's hard to know whether we should be putting effort into conserving them."

According to DeCicco, the new understanding of leaf-nosed bats was fascinating on a purely theoretical level.

"We study evolutionary processes that lead to biodiversity," he said. "This shows nature is more complex. We humans love to try to find patterns -- and researchers love to try to find rules that apply to broad suites of organisms. It's super cool when we find exceptions to these rules. These are patterns that you see duplicated over lots of different taxa on lots of different islands -- a large and a small species, or two closely related species that differ somehow to partition their niches. We're seeing there are lots of different evolutionary scenarios that can produce that same pattern."
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Protecting endangered monkeys from poachers, habitat loss | ScienceDaily
The Tai Forest Monkey Project has operated a research field station in west Africa's Ivory Coast for 30 years, but on the one day since its opening that the site was unstaffed because of conflict in nearby Liberia, poachers took advantage -- and killed 18 endangered monkeys.


						
The anecdote is a telling example, scientists say, of how thousands of field stations studying primates in forests around the world not only generate knowledge about these threatened species, but also contribute to biodiversity conservation by deterring poaching, deforestation and illegal extraction of natural resources.

The 17 species of red colobus monkey living across Africa, including in the Tai Project field station region, have been singled out by scientists in an April 30 Conservation Letters article as a priority conservation target. Protection of these monkeys, they assert, can be expected to produce benefits throughout tropical African forests where hunting and climate change have led to dramatic wildlife and habitat loss.

W. Scott McGraw, professor and chair of anthropology at The Ohio State University and co-director of the Tai Monkey Project operating out of the field station in Ivory Coast, is a co-author of the article -- as well as of a companion Conservation Letters article published in March. The two papers call for scientific communities, governments and funding agencies to support red colobus conservation efforts and step up financial backing of research field stations.

"One of the primates at our field station is a red colobus species that is endangered," McGraw said. "If we were to stop our work and pull out of the forest, I would not be surprised to see the numbers of all animals just crash. By simply being at the field station, we are protecting what we're studying in addition to generating knowledge. Every one of those species of red colobus in Africa is in danger. And the places where they're protected the most are those that have research field stations."

The authors, from almost 20 institutions in the United States, Europe and Africa, focused on priority action areas that include national and international designation of red colobus as priority conservation species; ecological surveys to determine populations in need of protection; greater investment in protected area creation and management; and engaging with people who live in close proximity to red colobus monkeys.

The monkeys' threatened status has already led to one likely extinction: McGraw was among a team of primatologists who documented the disappearance of a species called Miss Waldron's red colobus in the late 1990s -- the first primate to have gone extinct in 500 years.




"People would say, well, there are lots of other primates -- who cares if we lose one? But we argued that this could be the beginning of a wave of extinction that could make its way across all of Africa," McGraw said. "This was the tip of the iceberg suggesting we were on the edge of catastrophe. What's next? Then the leopards go, then the hippos go.

"As sad as documenting the disappearance of a primate is, we hoped it would be the canary in the coal mine, if you will, and people would pay attention -- for example, to what field stations do."

Broadening understanding of field stations' cost-effective protection of biodiversity resources was the point of the earlier article co-authored by McGraw and 172 other scientists. The paper outlined quantitative estimates of field station-related conservation of wildlife species and forests based on a survey of the leaders of 157 field stations in 56 countries.

The international effort was largely prompted by the COVID-19 pandemic's heavy financial blow to research field stations, many of which haven't recovered. Half of the station directors surveyed reported that in the four years since the lockdown began, their sites have been functioning with less -- or much less -- funding than they had in 2019. About one-quarter have remained partially or completely closed since the pandemic began.

"Most of these field stations are located in biodiversity hotspots, and operate at a relatively low cost," McGraw said. "We work in a well-known national park, but every day we hear gunshots around us. We've collected good evidence over 30 years that the density of animals drops off dramatically immediately outside of our primary study area. So just by being there, we are affording protection."

Most survey respondents reported that the presence of a field station staffed full-time -- by institutional scientists and, in nearly every case, local employees -- reduced hunting and improved enforcement of poaching laws in areas serving as habitats for over 1,200 threatened animal species. The authors estimated that each station has a direct biodiversity impact on almost 50 square miles of habitat around its physical site, and noted that more than half operate with annual budgets of less than $50,000.




Spatial analysis showed that forest cover loss was significantly lower near field stations, showing almost 18% less deforestation overall mainly driven by sites throughout Africa, where field stations' presence is associated with 22% less deforestation.

McGraw and his colleagues have seen the risks to protected lands and field stations' conservation impact firsthand. The worldwide demand for chocolate has made cocoa an extremely valuable plant, and some residents in Ivory Coast -- the largest producer of cocoa beans -- have turned protected areas into illegal cocoa farms and hunting grounds.

Ivory Coast researchers, including McGraw, found that patrolling the grounds of two forest reserves helped reduce illegal activity by well more than half between 2012 and 2016. The team had previously reported, almost 10 years ago, that 75% of land in 23 protected areas had been transformed into cocoa production -- and the loss of forest habitat led to dramatic decreases in primate populations.

"In the eastern part of Ivory Coast, where there should be forest, it looks like a bomb has dropped," McGraw said. "So much of the forest has been cut down, and that which remains is under increasing pressure from us. The human population growth is so steep and is taking place in areas often containing the largest number of threatened taxa. People are, in many cases, eking out a living right next to a forest containing biodiversity that they've grown up with.

"It's a real conservation crisis."
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How evolving landscapes impacted First Peoples' early migration patterns into Australia | ScienceDaily
New research led by the University of Sydney offers fresh understanding of the migration patterns of Australia and New Guinea's First Peoples, and where they lived in the 40,000 years following humanity's arrival on the then combined continent.


						
Using a dynamic model charting the changing landscape, researchers have provided a more realistic description of the of the areas inhabited by the first humans to traverse Sahul: the landmass combining what is now Australia, Tasmania and New Guinea.

Led by Associate Professor Tristan Salles from the School of Geosciences at the University of Sydney, the research model factors-in evolution of the landscape, driven by climate, during the time of human dispersal. This is a novel approach; previous studies of migration patterns have relied heavily on archaeological findings.

"One aspect overlooked when evaluating how people spread across the continent is the evolution of the Earth's surface which took place as people migrated," Associate Professor Salles said.

"Yet landscapes and landform are deeply engraved in Aboriginal culture."

Humans first set foot on Sahul around 75,000 years ago. The research team used an established landscape evolution model detailing climatic evolution from 75,000 to 35,000 years ago. The model offers a fresh perspective on terrains and environments inhabited by the first hunter-gatherer communities as they traversed Sahul.

Researchers ran thousands of simulations to describe possible migration routes originating from two entry points into Sahul: a northern route through Western Papua and a southern route from the Timor Sea shelf.




Their results were consistent with previous findings, predicting a high likelihood of human occupation at already iconic archaeological sites such as: Ngarrabullgan Cave (in North Queensland), the Puritjarra rock shelter (Central Australia), and the Riwi Cave and Carpenter's Gap 1 rock shelter in the Kimberley (Western Australia).

Results indicated migration speeds of between 360 metres and 1.15 kilometres a year, depending on entry points and arrival times. They also show that human settlers would have dispersed across the continental interior along river corridors on both sides of Lake Carpenteria.

"Our palaeoecological reconstructions show evidence of diverse interior habitats varying from high altitude tropical forest, subtropical savannah to semiarid woodland and grassland," Associate Professor Salles said.

Instead of finding well-defined migration routes (indicated by the grey lines on the below map), the research suggests a radiating wave of migration following rivers and coastlines. This correlates with known migration corridors: east of Lake Carpentaria following the Great Dividing Range; southern corridors connecting Lake Eyre to the eastern corridors; and the central super-highways transecting Australia's arid interior.

Used in conjunction with mechanistic simulations, the findings could help evaluate how often a specific location is likely to have been visited.

"This could help identify new areas of archaeological interest as a precursor to more costly and time-consuming archaeological surveys," Associate Professor Salles said.
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A virus could help save billions of gallons of wastewater produced by fracking | ScienceDaily
An estimated 168 billion gallons of wastewater -- or produced water -- is generated annually by the Permian Basin fracking industry, according to a 2022 report by the Texas Produced Water Consortium. The major waste stream has proved both difficult and costly to treat because of the chemical complexity of the water.


						
In a new study published in the journal Water, researchers at The University of Texas at El Paso have identified a novel means of treating the wastewater generated by oil and gas production: bacteriophages.

Ramon Antonio Sanchez, a doctoral candidate within UTEP's chemistry program, is the first author on the publication, detailing how bacteriophages, viruses that are often highly specific and lethal to a single species of bacteria, can be used as a rapid and cost-effective method to treat produced water on an industrial scale.

Sanchez said if the work is successful, it would give the oil and gas industry a means of treating, reusing and recycling produced water, rather than the current industry practice of disposing the majority of produced water by injecting it into the ground post oil exploration.

The research focuses on two of the most prominent bacteria found within produced water across the oil and gas industry -- Pseudomonas aeruginosa and Bacillus megaterium. P. aeruginosa has the ability to corrode stainless steel and presents a challenge for the longevity of pipelines and other metal-based infrastructure, while B. megaterium, can decompose hydrocarbons -- the basis for oil.

Sanchez, along with one of his collaborators, Zacariah Hildenbrand, Ph.D., a UTEP alum, were inspired to use bacteriophages based on their applications in the medical industry, where they are used to combat infections caused by multi-drug resistant bacteria.

"Since the bacteria are living organisms, over time they developed a resistance, in the form of a less penetrable membrane, to traditional disinfectants," Sanchez explained. "But the bacteriophages, which are viruses themselves, attach to specific receptors on the surface of the host cell and evolve alongside the bacteria they are trying to infect, meaning that any resistance acquired by the bacteria triggers the modification of bacteriophages to keep the infection going."

The team's experiments with bacteriophages have been effective, achieving the inactivation of both P. aeruginosa and B. megaterium in laboratory settings. For Sanchez, who graduates this spring with his Ph.D., the work will continue in the industry where his focus will be on replicating his laboratory results out in the field. He will also try to expand the number of microorganisms that can be treated in produced water by securing a larger catalog of bacteriophages.

The team admits the approach does have its challenges. There are currently a limited amount of commercially available Bacteriophages, which is critical since bacteriophages are often highly specific to a single species of bacteria. There are also other species of bacteria in produced water that remain to be tested.
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Discovery of mechanism plants use to change seed oil could impact industrial, food oils | ScienceDaily
Researchers have discovered a new mechanism of oil biosynthesis and found a way to genetically engineer a type of test plant to more efficiently produce different kinds of seed oil that it otherwise wouldn't make.


						
While the engineering is proof-of-concept, this discovery could lead to improved production of valuable oils used in food and by a range of industries. The study, led by Washington State University researchers, was published in the journal Nature Communications.

"Scientists have been working on producing novel seed oil compositions for decades, but most of the time you only get small amounts of the desired oil," said Phil Bates, a WSU professor and lead author on the study.

Bates and his co-authors found that Physaria fendleri, a plant related to canola, can naturally change the fatty acid composition in its seed oil after it is already made, something nobody knew any plant could do. They discovered the genetic mechanism Physaria uses to makes those changes, then genetically engineered a related plant called Arabidopsis to make the same fatty acid changes.

The modified Arabidopsis overcame metabolic bottlenecks and produced significant amounts of an oil similar to castor oil that it doesn't naturally produce.

Plant oils are used in food, pharmaceutical, cosmetic, industrial, chemical and biofuel industries. Plant oils' value stems from its fatty acid composition. Around 90% of oil is valuable for industrial uses in crops like castor beans, Bates said. But if the desirable oil-making genes are transferred into another plant, only small amounts of the oil produced is usable by industry. The newly discovered mechanism of oil biosynthesis shows a way to bump that production back up.

"We've always thought that when plants accumulate oil during seed development, that's the end product," said Bates, a faculty member in WSU's Institute of Biological Chemistry. "But we found that Physaria, after making oil, removes some of the fatty acids within the oil and replaces that with others."

Those oils could replace the reliance of growing dangerous crops, like castor. Castor plants are banned in the U.S. because they also produce ricin, a dangerous poison. Castor oil is valuable in industrial lubricants, but expensive because only a few nations can grow the plants, either legally or environmentally.




"We can use this new biosynthetic process as a tool to change oil composition," Bates said. "We're at the starting point of putting this into crop plants. We want to eventually produce healthy fatty acids beyond industrial uses."

Bates and his colleagues are also looking at other plants to see if they do similar remodeling of oils after production.

"We haven't identified any others yet, but we've never looked before," Bates said. "This is a new discovery that nobody knew plants could do. We want to see if common crop plants, like canola, can do this remodeling as well."

Other potential uses for this process include food for people and biofuels, especially aviation fuel.

The project was a collaboration between Bates lab and the Smertenko lab both in the Institute of Biological Chemistry at WSU as well as two labs from the U.S. Department of Agriculture.

Funding for work on this paper came from the USDA National Institute of Food and Agriculture, National Science Foundation and the U. S. Department of Energy.
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Unlocking the genetic mysteries behind plant adaptation: New insights into the evolution of a water-saving trait in the pineapple family (bromeliaceae) | ScienceDaily
Researchers at the University of Vienna, along with collaborators from France, Germany, Switzerland and the USA, have achieved a major breakthrough in understanding how genetic drivers influence the evolution of a specific photosynthesis mechanism in Tillandsia (air plants). This sheds light on the complex actions that cause plant adaptation and ecological diversity. The results of their study are now published in Plant Cell.


						
Some plant species have evolved a water-saving trait called Crassulacean Acid Metabolism (CAM). CAM plants like most Tillandsia species -- the most species-rich genus in the pineapple family (Bromeliaceae) -- optimise their water use efficiency: While other plants normally open their stomata (tiny pores in their leaves) during the day to absorb carbon dioxide for photosynthesis, CAM plants do this at night and stash CO2 away for later use, helping them survive with less water. This trait evolved independently several times across the plant kingdom. However, the evolution of the complex genetic basis of CAM has remained elusive, making it a focus of research in evolutionary biology.

Gene Regulation is Key

In this study, the research team focused on a Tillandsia species pair exhibiting divergent forms of photosynthetis- CAM vs. C3 -- meaning that the C3-species lacks the specialized adaptation to arid conditions. By using advanced techniques to study the plants' genetics and biochemistry -- e.g. analyses of gene arrangements, molecular and gene family evolution, temporal differential gene expression and metabolites -- they discovered that changes in gene regulation are mainly responsible for genomic mechanisms driving CAM evolution in Tillandsia.

Clara Groot Crego, Department of Botany and Biodiversity Research at University of Vienna and lead author of the study, explains: "Our findings reveal that while large-scale changes have influenced Tillandsia's genomes like other plants, the adjustment of how photosynthesis works mainly happens through how genes are regulated -- not by changing the sequences that code for proteins." Key insights from the study, funded by the Austrian Science Fund (FWF) and the University of Vienna, include the identification of CAM-related gene families undergoing accelerated expansion in CAM species. This highlights the critical role of gene family evolution in generating novel variation that drives CAM evolution.

Into New Niches by Repeated Evolution

"CAM repeatedly evolved in different Tillandsia species and has accelerated their ability to colonize new ecological niches, serving as a key driver of the rampant speciation observed within this group," says Ovidiu Paun, Department of Botany and Biodiversity Research at University of Vienna and principal investigator of the study. "Our research highlights the potential importance of genetic innovation, beyond mere base pair changes, in driving ecological diversification," Paun adds.

Thibault Leroy, principal investigator from INRAE Toulouse, France, emphasizes that this study has implications beyond basic science. "Understanding how CAM evolved can help develop strategies to make crops more resilient to water shortages and cope with climate change."

The research will be extended across more species of this and other plant groups in the framework of a newly collaborative project jointly funded by the Austrian Science Fund (FWF) and the French National Agency for Research (ANR).
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Childcare pick-up: A 1-hour window to build healthier eating habits | ScienceDaily
Millions of working parents know the routine: bustle the kids off to childcare in the morning, work all day, then fight the daily traffic jams to get the kids back home. Something to drink, maybe a snack to munch, can help ease the commute.


						
Understandably, few parents take the time to think about the nutrients or calories involved, but experts at Cincinnati Children's decided to take a closer look. Their eyebrow-raising findings were published April 27, 2024, in the journal Children's Health Care.

The researchers took a fresh look at older data contained in daily food journals kept by more than 300 families of children who attended 30 childcare centers that participated in the Preschool Eating and Activity Study (2009-2011). They found that the hour after parents and caregivers picked up their children stood out as a high-calorie, relatively less healthy part of the child's overall diet.

Overall, these children, ages 3 to 5, consumed more than 1,471 calories across the entire day -- an amount on the high end of recommended daily limits. Of that amount, 290 calories, on average, were consumed in the hour after leaving day care. That's about 20% of the day's entire calorie intake.

Adding concern: after-care food and drink accounted for about 22% of the day's added sugar and about one-third of the sweet and salty snack foods the children ate.

"Every parent knows how busy that time of day can feel. Parents can feel stressed, the kids may be cranky, hungry, or tired. There's nothing wrong with treats once in a while," says senior author Kristen Copeland, MD, Division of General and Community Pediatrics. "But that car ride home also can be an opportunity to instill healthier habits instead of less healthy ones."

If busy parents want to try a small change that might make a big difference, consider stocking the car with veggie sticks, cheese, fruit slices, and low-sugar drinks such as water or milk. A few minutes of preparation can make it easier to skip the high-calorie drive-throughs and sugar-loaded packaged snacks.

"Children of preschool age are in a highly habit-forming time of their lives. They thrive on routine," Copeland says. "Children often look forward to the car ride home, which makes that time an opportunity to start a healthy snacking habit that could last a lifetime."
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Cranberry extracts could boost microbiota and counter cardiometabolic diseases | ScienceDaily
Cranberry extracts appear to improve intestinal microbiota and help prevent chronic diseases such as diabetes and cardiovascular diseases. The study of Universite Laval and the Institute of Nutrition and Functional Foods (INAF) reported beneficial effects after only four days of use.


						
Cranberries and berries are associated with multiple health benefits, mainly attributed to their high content of polyphenols, in the form of tannins. They also contain high concentrations of oligosaccharides, small fibres that are thought to contribute to their bioactivity.

The research team, led by Yves Desjardins, professor at the Faculty of Agriculture and Food Sciences, showed that the polyphenols and oligosaccharides present in a cranberry extract boost the genus Bifidobacterium, associated with a reduced risk of diabetes and cardiometabolic diseases. "Normally, these bacteria are stimulated by dietary fibre consumption. We observed the same effect with cranberry extract with a dose almost 20 times lower," points out Jacob Lessard-Lord, a postdoctoral fellow at INAF.

Cranberry extracts also stimulate the Akkermansia muciniphila bacterium, which plays an important role in the intestinal mucosa, helping to reduce inflammation and strengthen the intestinal barrier.

This is of particular interest when it comes to countering the harmful effects of a Western diet. "This diet alters the microbiota, causes inflammation of the mucosa, and compromises the integrity of the intestinal barrier, which plays a crucial role in protecting the body from bacteria present in the gut. Alteration of the intestinal barrier allows the passage of lipopolysaccharides (LPS) derived from the intestinal microbiota, known as metabolic endotoxemia, and is a crucial factor in the onset and progression of inflammation and metabolic diseases," explains Yves Desjardins.

"The constant inflammation that results from the presence of LPS in the body can lead to several chronic diseases, including diabetes, and cardiovascular disease," he explains.

When included into a balanced diet, cranberry extracts could modify the inflammatory pathway and improve the prognosis of a chronic disease. By stimulating Akkermansia muciniphila bacterium and Bifidobacterium, the microbiota regenerates and recreates an anti-inflammatory environment. This results in strengthening the connections between the cells of the intestinal barrier, thereby fortifying it.




In the study, approximately forty participants recruited at INAF were instructed to consume a cranberry supplement in capsule form twice daily, morning and evening, which is equivalent to ingesting 60 grams of fresh cranberries. At the beginning of the experiment and after four days, samples of plasma, urine, and stool were collected from participants. The human study was initiated following promising results in the SHIME in vitro system, which reproduces regions of the intestine.

The research team is now interested in exploring the long-term effects of the extracts. "It's promising to see a beneficial effect after just four days," expresses Jacob Lessard-Lord with enthusiasm.

Although cranberries had a beneficial effect on all participants, the results highlighted variability in their responses. Future research will identify which microbiota signatures respond best to the extracts.

The study was conducted as part of the NSERC-Symrise Industrial Research Chair on the prebiotic effect of fruit and vegetable polyphenols (PhenoBio+). Symrise has launched a product based on the team's findings, Prebiocran, which has been approved in Europe.

The study was published in the scientific journal npj Biofilms & Microbiomes. The authors are Jacob Lessard-Lord, Charlene Roussel, Joseph Lupien-Meilleur, Pamela Genereux, Veronique Richard, Valerie Guay, Denis Roy and Yves Desjardins.
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New technology makes 3D microscopes easier to use, less expensive to manufacture | ScienceDaily
Researchers in Purdue University's College of Engineering are developing patented and patent-pending innovations that make 3D microscopes faster to operate and less expensive to manufacture.


						
Traditional, large depth-of-field 3D microscopes are used across academia and industry, with applications ranging from the life sciences to quality control processes used in semiconductor manufacturing. Song Zhang, professor in Purdue's School of Mechanical Engineering, said they are too slow to capture 3D images and too expensive to build due to the requirement of a high-precision translation stage.

"Such drawbacks in a microscope slow the measurement process, making it difficult to use for applications that require high speeds, such as in situ quality control," Zhang said.

Research about the Purdue 3D microscope and its innovations has been published in the peer-reviewed Optics Letters and the August 2023 and March 2024 issues of the peer-reviewed Optics and Lasers in Engineering. The National Science Foundation awarded a grant to conduct the research.

The Purdue innovation

Zhang said the Purdue 3D microscope automatically completes three steps: focusing in on an object, determining the optimal capture process and creating a high-quality 3D image for the end user.

"In contrast, a traditional microscope requires users to carefully follow instructions provided by the manufacturer to perform a high-quality capture," Zhang said.




Zhang and his colleagues use an electronically tunable lens, or ETL, that changes the focal plane of the imaging system without moving parts. He said using the lens makes the 3D microscope easier to use and less expensive to build.

"Our suite of patents covers methods on how to calibrate the ETL, how to create all-in-focus 3D images quickly and how to speed up the data acquisition process by leveraging the ETL hardware information," Zhang said. "The end result is the same as a traditional microscope: 3D surface images of a scene. Ours is different because of its high speed and relatively low cost."

The next developmental steps

Zhang and his team have developed algorithms and created a prototype system in their lab. They are looking to translate their research into a commercial product.

"This will require an industrial partner," Zhang said. "We are certainly interested in helping this process, including sharing our know-how and research results to make the transition smooth."

Zhang disclosed the innovations to the Purdue Innovates Office of Technology Commercialization, which has applied for and received patents to protect the multiple pieces of intellectual property.
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Trotting robots reveal emergence of animal gait transitions | ScienceDaily
With the help of a form of machine learning called deep reinforcement learning (DRL), the EPFL robot notably learned to transition from trotting to pronking -- a leaping, arch-backed gait used by animals like springbok and gazelles -- to navigate a challenging terrain with gaps ranging from 14-30cm. The study, led by the BioRobotics Laboratory in EPFL's School of Engineering, offers new insights into why and how such gait transitions occur in animals.


						
"Previous research has introduced energy efficiency and musculoskeletal injury avoidance as the two main explanations for gait transitions. More recently, biologists have argued that stability on flat terrain could be more important. But animal and robotic experiments have shown that these hypotheses are not always valid, especially on uneven ground," says PhD student Milad Shafiee, first author on a paper published in Nature Communications.

Shafiee and co-authors Guillaume Bellegarda and BioRobotics Lab head Auke Ijspeert were therefore interested in a new hypothesis for why gait transitions occur: viability, or fall avoidance. To test this hypothesis, they used DRL to train a quadruped robot to cross various terrains. On flat terrain, they found that different gaits showed different levels of robustness against random pushes, and that the robot switched from a walk to a trot to maintain viability, just as quadruped animals do when they accelerate. And when confronted with successive gaps in the experimental surface, the robot spontaneously switched from trotting to pronking to avoid falls. Moreover, viability was the only factor that was improved by such gait transitions.

"We showed that on flat terrain and challenging discrete terrain, viability leads to the emergence of gait transitions, but that energy efficiency is not necessarily improved," Shafiee explains. "It seems that energy efficiency, which was previously thought to be a driver of such transitions, may be more of a consequence. When an animal is navigating challenging terrain, it's likely that its first priority is not falling, followed by energy efficiency."

A bio-inspired learning architecture

To model locomotion control in their robot, the researchers considered the three interacting elements that drive animal movement: the brain, the spinal cord, and sensory feedback from the body. They used DRL to train a neural network to imitate the spinal cord's transmission of brain signals to the body as the robot crossed an experimental terrain. Then, the team assigned different weights to three possible learning goals: energy efficiency, force reduction, and viability. A series of computer simulations revealed that of these three goals, viability was the only one that prompted the robot to automatically -- without instruction from the scientists -- change its gait.

The team emphasizes that these observations represent the first learning-based locomotion framework in which gait transitions emerge spontaneously during the learning process, as well as the most dynamic crossing of such large consecutive gaps for a quadrupedal robot.

"Our bio-inspired learning architecture demonstrated state-of-the-art quadruped robot agility on the challenging terrain," Shafiee says.

The researchers aim to expand on their work with additional experiments that place different types of robots in a wider variety of challenging environments. In addition to further elucidating animal locomotion, they hope that ultimately, their work will enable the more widespread use of robots for biological research, reducing reliance on animal models and the associated ethics concerns.
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E-bike incentives prove to be worth the investment | ScienceDaily
Electric bicycle rebates have exploded in popularity in North America as transportation planners try to get people out of their cars and into healthier, more climate-friendly alternatives. However, there is limited understanding of the full impacts of these incentives.


						
Are new cycling habits sustainable? Who benefits most from these incentives? And are they worth the cost?

Researchers at UBC's Research on Active Transportation (REACT) Lab have some answers. They surveyed participants in an e-bike incentive program offered by the District of Saanich, B.C. and found that most new e-bike users continued to regularly use their bikes as a substitute for car travel, even a year after purchase. Low-income households reduced their car trips and decreased carbon emissions the most. And incentives are a cost-effective way of reducing carbon emissions.

Reduced car travel

The Saanich program, available in 2021 and 2022, offered three different rebates to offset the cost of new e-bikes, depending on one's income. The basic rebate amounted to $350, while the lowest-income households could receive up to $1,600.

Results showed a significant surge in e-bike adoption, with 93 per cent of users being new to e-bikes, and 60 per cent new to cycling altogether.

One year after purchase, users continued to be satisfied with their e-bikes, integrating them into their routines for three to four days a week. They reduced weekly car travel by an average of 48 kilometres per week, a reduction of 30-40 per cent.




"The incentive not only encouraged people to switch to e-bikes, it also resulted in remarkable changes in travel behaviour that persisted long after the purchase," said Dr. Alex Bigazzi, principal investigator and associate professor of civil engineering at UBC who leads REACT.

The incentives had the greatest impact on lower-income groups. Among those who received the $1,600 incentive, eight out of 10 would not have purchased an e-bike without it, compared to just two out of 10 who received the $350 incentive.

Lower carbon emissions

With less driving, users reduced their travel-related greenhouse gas (GHG) emissions by an average of 16 kilograms of CO2 per week, one year after buying their e-bikes. Notably, those who received the biggest incentives reduced car use and carbon emissions the most.

"The larger incentives aimed at lower-income families did a great job getting new riders in the saddle and gave them a lower-cost alternative to using their cars," Dr. Bigazzi said.

More cost-effective than EV rebates

A common criticism of e-bike incentives is their high cost relative to their climate benefits, but the Saanich program was competitive with other transportation subsidies in Canada at a cost of approximately $190 to $720 per tonne of GHG emissions.

"This suggests that e-bike incentives are more cost-effective in reducing emissions compared to electric car incentives, and that's without including a range of cycling-related benefits such as increased physical activity, reduced local air pollutants and decreased travel costs," Dr. Bigazzi said.

The REACT Lab has partnered with the Province of B.C. and other researchers to study the provincewide e-bike incentive program. The broader scope will allow researchers to look at factors including variations in climate and terrain and the availability of safe cycling routes, to better understand their influences.
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The double-fanged adolescence of saber-toothed cats | ScienceDaily

Though few of the recovered skulls had sabers attached, a handful exhibited a peculiar feature: the tooth socket for the saber was occupied by two teeth, with the permanent tooth slotted into a groove in the baby tooth.

Paleontologist Jack Tseng, associate professor of integrative biology at the University of California, Berkeley, doesn't think the double fangs were a fluke.

Nine years ago, he joined a few colleagues in speculating that the baby tooth helped to stabilize the permanent tooth against sideways breakage as it erupted. The researchers interpreted growth data for the saber-toothed cat to imply that the two teeth existed side by side for up to 30 months during the animal's adolescence, after which the baby tooth fell out.

In a new paper accepted for publication in the journal The Anatomical Record, Tseng provides the first evidence that the saber tooth alone would have been increasingly vulnerable to lateral breakage during eruption, but that a baby or milk tooth alongside it would have made it much more stable. The evidence consists of computer modeling of saber-tooth strength and stiffness against sideways bending, and actual testing and breaking of plastic models of saber teeth.

"This new study is a confirmation -- a physical and simulation test -- of an idea some collaborators and I published a couple of years ago: that the timing of the eruption of the sabers has been tweaked to allow a double-fang stage," said Tseng, who is a curator in the UC Museum of Paleontology. "Imagine a timeline where you have the milk canine coming out, and when they finish erupting, the permanent canine comes out and overtakes the milk canine, eventually pushing it out. What if this milk tooth, for the 30 or so months that it was inside the mouth right next to this permanent tooth, was a mechanical buttress?"

He speculates that the unusual presence of the baby canine -- one of the deciduous teeth all mammals grow and lose by adulthood -- long after the permanent saber tooth erupted protected the saber while the maturing cats learned how to hunt without damaging them. Eventually, the baby tooth would fall out and the adult would lose the saber support, presumably having learned how to be careful with its saber. Paleontologists still do not know how saber-toothed animals like Smilodon hunted prey without breaking their unwieldy sabers.




"The double-fang stage is probably worth a rethinking now that I've shown there's this potential insurance policy, this larger range of protection," he said. "It allows the equivalent of our teenagers to experiment, to take risks, essentially to learn how to be a full-grown, fully fledged predator. I think that this refines, though it doesn't solve, thinking about the growth of saber tooth use and hunting through a mechanical lens."

The study also has implications for how saber-toothed cats and other saber-toothed animals hunted as adults, presumably using their predatory skills and strong muscles to compensate for vulnerable canines.

Beam theory

Thanks to the wealth of saber-toothed cat fossils, which includes many thousands of skeletal parts in addition to skulls, unearthed from the La Brea Tar Pits, scientists know a lot more about Smilodon fatalis than about any other saber-toothed animal, even though at least five separate lineages of saber-toothed animals evolved around the world. Smilodon roamed widely across North America and into Central America, going extinct about 10,000 years ago.

Yet paleontologists are still confounded by that fact that adult animals with thin-bladed knives for canines apparently avoided breaking them frequently despite the sideways forces likely generated during biting. One study of the La Brea predator fossils found that during periods of animal scarcity, saber-toothed cats did break their teeth more often than in times of plenty, perhaps because of altered feeding strategies.

The double-fanged specimens from La Brea, which have been considered rare cases of individuals with delayed loss of the baby tooth, gave Tseng a different idea -- that they had an evolutionary purpose. To test his hypothesis, he used beam theory -- a type of engineering analysis employed widely to model structures ranging from bridges to building materials -- to model real-life saber teeth. This is combined with finite element analysis, which uses computer models to simulate the sideways forces a saber tooth could withstand before breaking.




"According to beam theory, when you bend a blade-like structure laterally sideways in the direction of their narrower dimension, they are quite a lot weaker compared to the main direction of strength," Tseng said. "Prior interpretations of how saber tooths may have hunted use this as a constraint. No matter how they use their teeth, they could not have bent them a lot in a lateral direction."

He found that while the saber's bending strength -- how much force it can withstand before breaking -- remained about the same throughout its elongation, the saber's stiffness -- its deflection under a given force -- decreased with increasing length. In essence, as the tooth got longer, it was easier to bend, increasing the chance of breakage.

By adding a supportive baby tooth in the beam theory model, however, the stiffness of the permanent saber kept pace with the bending strength, reducing the chance of breaking.

"During the time period when the permanent tooth is erupting alongside the milk one, it is around the time when you switch from maximum width to the relatively narrower width, when that tooth will be getting weaker," Tseng said. "When you add an additional width back into the beam theory equation to account for the baby saber, the overall stiffness more closely aligned with theoretical optimal."

Though not reported in the paper, he also 3D-printed resin replicas of saber teeth and tested their bending strength and stiffness on a machine designed to measure tensile strength. The results of these tests mirrored the conclusions from the computer simulations. He is hoping to 3D-print replicas from more life-like dental material to more accurately simulate the strength of real teeth.

Tseng noted that the same canine stabilization system may have evolved in other saber-toothed animals. While no examples of double fangs in other species have been found in the fossil record, some skulls have been found with adult teeth elsewhere in the jaws but milk teeth where the saber would erupt.

"What we do see is milk canines preserved on specimens with otherwise adult dentition, which suggests a prolonged retention of those milk canines while the adult tooth, the sabers, are either about to erupt or erupting," he said.

Tseng is supported by the National Science Foundation's Division of Biological infrastructure (2128146).
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Fading lights: Multiple threats to North America's firefly populations | ScienceDaily
A landmark study conducted by the University of Kentucky Martin-Gatton College of Agriculture, Food and Environment; Bucknell University; Penn State University; and the USDA has shed light onto the precarious situation facing firefly populations across North America. The study's results identified multiple factors impacting their numbers, offering a deep dive into how shifting environmental and human factors influence these iconic insects.


						
The study, published in Science of the Total Environment, "Illuminating Patterns of Firefly Abundance Using Citizen Science Data and Machine Learning Models," identified the factors likely responsible for troubling declines in firefly populations across North America. To study these population changes, the research used a mix of field surveys from citizen scientists and advanced machine learning techniques to analyze over 24,000 surveys from the Firefly Watch citizen science initiative.

Key Findings

This research marks the first comprehensive attempt to apply a data-driven approach to understanding firefly population dynamics on a continental scale. Key findings from this new study indicate that fireflies, part of the beetle order, are sensitive to various environmental factors, from short-term weather conditions to longer climatic trends, including the number of growing-degree days related to temperature accumulations.

"Subtle changes in climate patterns, especially related to temperature, are significantly impacting firefly breeding cycles and habitat quality," said Darin McNeil, study principal investigator and assistant professor of wildlife ecology and management.

Christina Grozinger, publius vergilius maro professor of entomology at Penn State University, said while scientists previously knew that urbanization, agricultural intensification and climate change can affect biodiversity, less was known about how these complex factors interact and what people can do in their own backyards, towns and cities to support biodiversity.

"In this study, we integrated large scale data sets on species abundance, land use, soil type, weather and climate using machine learning models to precisely model and predict firefly abundance patterns at the local scale across the eastern U.S.," Grozinger said. "We were very fortunate to have a multi-year citizen science data set that spanned more than 24,000 observations."

The study underscores fireflies' sensitivity to climatic variables such as temperature and precipitation. Fireflies thrive in temperate conditions, with wet and warm summers creating the ideal breeding environment and cold winters supporting the survival of immature stages like eggs, larvae and pupae.




However, as global temperatures rise, these conditions become less predictable and, often, less hospitable. Changes in precipitation patterns, another critical factor for firefly survival, have led to either overly dry conditions that reduce larval survival or excessively wet conditions that can flood breeding grounds and disrupt life cycles.

"Artificial lights at night could disrupt firefly populations, possibly affecting both adult and larval stages," McNeil said. "Firefly larvae, which live in the soil, are particularly vulnerable to changes in light exposure and artificial light could alter their developmental cycles and survival rates. Firefly larvae, which are predatory, also require moist soil conditions because the humidity supports soft-bodied invertebrates like snails and slugs that firefly larvae use as prey."

Urban growth, such as establishing impervious surfaces such as sidewalks, buildings and roads, poses a significant threat to firefly populations by invading natural habitats and decreasing available breeding areas. Light pollution from streetlights and commercial signs is particularly disruptive, as it interferes with the fireflies' bioluminescent communication essential for mating. The study indicates that fireflies are markedly less common in areas with significant nighttime light pollution.

Agriculture impact on fireflies

Certain agricultural practices also seem to contribute to the decline of fireflies. The extensive use of pesticides and herbicides has been linked to decreased firefly numbers, likely due to reduced prey availability and direct toxicity. This new study did not find a pesticide effect; in fact, certain agricultural areas supported some of the highest firefly densities, perhaps because some practices (e.g., livestock grazing) support meadow-like conditions that benefit fireflies. The study warns against increasing agricultural intensification, especially practices that reduce the organic debris and moist environments firefly larvae require to thrive.

The paper reveals that the decline in firefly populations is not uniform across all climates or regions. Some species adapted to dryer environments or those with specific breeding patterns may be less affected by certain changes, whereas others are more vulnerable. This highlights the complexity of natural ecosystems and the need for tailored conservation strategies.




The research team also made significant strides in identifying potential conservation measures to mitigate these impacts. These include reducing light pollution, preserving natural habitats and implementing wildlife-friendly agricultural practices that support fireflies.

Fireflies' importance in the environment

The decline of fireflies is more than the loss of a beloved natural spectacle; it signals broader ecological disruptions that could have cascading effects on other species and ecosystems. Fireflies play a role in the food web, serving as prey for some species and as predators for many invertebrates. Their disappearance could have unforeseen repercussions on local biodiversity.

"As the study concludes, further research is encouraged, particularly in exploring the long-term trends of firefly populations and the efficacy of various conservation strategies" McNeil said. "Moving forward, focused studies that survey particular firefly species, rather than the firefly community as a whole, will be important. This approach will be crucial in ensuring that future generations can also enjoy the natural wonder of fireflies lighting up the night sky."

"Each individual species has its own habitat requirement and things it needs to succeed," adds Bucknell University assistant professor of biology Sarah Lower, a noted firefly researcher. "With the citizen science data in this study, we're looking at fireflies in the aggregate, but we would like people in citizen science getting more training in species identification. If we can get species-level information, we can provide more specifics on species living in a particular area and how best to protect them."

To create similar data sets for other firefly species, the research team is also leveraging technology and AI to develop automated monitoring systems through an NSF funded INSECT NET graduate training program.

Individuals interested in learning more about the land use, weather and climate conditions in their locations can use Penn State's Beescape tool, which provides location-specific habitat quality scores for pollinators.

This work was funded by the Penn State Insect Biodiversity Center, Penn State's Huck Institutes of the Life Sciences and Penn State's College of Agricultural Sciences via the USDA's National Institute of Food and Agriculture and Hatch Appropriations.
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Research on RNA editing illuminates possible lifesaving treatments for genetic diseases | ScienceDaily
A team at Montana State University published research that shows how RNA, the close chemical cousin to DNA, can be edited using CRISPRs. The work reveals a new process in human cells that has potential for treating a wide variety of genetic diseases.


						
Postdoctoral researchers Artem Nemudryi and Anna Nemudraia conducted the research alongside Blake Wiedenheft, professor in the Department of Microbiology and Cell Biology in MSU's College of Agriculture. The paper, titled "Repair of CRISPR-guided RNA breaks enables site-specific RNA excision in human cells," was published online in the journal Science and constitutes the latest advance in the team's ongoing exploration of CRISPR applications for programmable genetic engineering.

CRISPR, which stands for Clustered Regularly Interspaced Short Palindromic Repeats, is a type of immune system that bacteria use to recognize and fight off viruses. Wiedenheft, one of the nation's leading CRISPR researchers, said that the system has been used for years to cut and edit DNA, but that applying similar technology to RNA is unprecedented. DNA editing uses a CRISPR-associated protein called Cas9, while editing RNA requires the use of a different CRISPR system, called type-III.

"In our previous work, we used type-III CRISPRs to edit viral RNA in a test tube," said Nemudryi. "But we wondered, can we program manipulation of RNA in a living human cell?"

To explore that question, the team programmed type-III CRISPR proteins to cut RNA containing a mutation that causes cystic fibrosis, restoring cell function.

"We were confident that we could use these CRISPR systems to cut RNA in a programmable manner, but we were all surprised when we sequenced the RNA and realized that the cell had stitched the RNA back together in a way that removed the mutation," said Wiedenheft.

Nemudryi noted that RNA is transient within the cell; it is constantly being destroyed and replaced.




"The general belief is that there's not much point in repairing RNA," he said. "We speculated that RNA would be repaired in living human cells, and it turned out to be true."

Wiedenheft has mentored the two postdoctoral researchers since their arrival at MSU nearly six years ago, and said that the impact of their scientific contributions will lead to significant and continued advancements.

"The work done by Artem and Anna suggests that RNA repair might be a fundamental aspect of biology and that harnessing this activity may lead to new lifesaving cures," said Wiedenheft. "Artem and Anna are two of the most brilliant scientists I have ever encountered, and I'm confident that their work is going to have a lasting impact on humanity."

RNA editing has important applications in the search for treatments of genetic diseases, Nemudryi said. RNA is a temporary copy of a cell's DNA, which serves as a template. Manipulating the template by editing DNA could cause unwanted and potentially irreversible collateral changes, but because RNA is a temporary copy, he said, edits made are essentially reversible and carry far less risk.

"People used Cas9 to break DNA and study how cells repair these breaks. Then, based on these patterns, they improved Cas9 editors," said Nemudraia. "Here, we hope the same will happen with RNA editing. We created a tool that allows us to study how the cells repair their RNA, and we hope to use this knowledge to make RNA editors more efficient."

In the new publication, the team shows that a mutation causing cystic fibrosis can be successfully removed from the RNA. But this is only one of thousands of known mutations that cause disease. The question of how many of them could be addressed with this new RNA editing technology will guide future work for Nemudryi and Nemudraia as they finish their postdoctoral training at MSU and prepare for faculty positions at the University of Florida this fall. Both credited Wiedenheft as a life-changing mentor.

"Blake taught us not to be afraid of testing any ideas," said Nemudraia. "As a scientist, you should be brave and not be afraid to fail. RNA editing and repair is the terra incognita. It's scary but also exciting. You feel you're working on the edge of science, pushing the limits to where nobody has been before."
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Long snouts protect foxes when diving headfirst in snow | ScienceDaily
When hunting for mice in winter, red and arctic fox are known to plunge headfirst at speeds of 2-4 meters per second, but their sharp noses reduce the impact force in snow and protect them from injury, according to a new Cornell University study.


						
The fundamental research sheds light on the biomechanics of the unique hunting behavior (known as mousing), advances our understanding of animal adaptations and offers insights into snow injuries people experience during snowboarding or skiing.

The study published April 29 in the Proceedings of the National Academy of Sciences.

While there have been many studies of water birds and animals such as porpoises and dolphins diving from air into water, interactions between animals and the air-snow interface have not been well-researched. Snow has fluid-like properties when light and fluffy, and solid-like properties when compacted, such as when people make snowballs.

"The fox's sharp snout doesn't significantly compress the snow, it penetrates it without much resistance," said Sunghwan Jung, the paper's corresponding author and professor of biological and environmental engineering. Jisoo Yuk, a doctoral student in Jung's lab, is the paper's first author.

In the study, the authors scanned skulls of red and arctic foxes (from the Canidae family) and lynx and puma skulls (from the Felidae family) at the American Museum of Natural History in Manhattan. They 3D-printed the skulls and attached each to a sensor that measured impact force. The skulls were then dropped into both snow and water, and the researchers entered data into computer models to compare impacts of both.

Jung and colleagues found that the foxes' sharp snouts penetrated the snow with little resistance, minimizing potential tissue damage during a headfirst dive. "Without much compression, in spite of the high-speed impact, the snow behaves like water," Jung said. But the flat Felidae snouts compressed the snow upon impact, creating a large and potentially damaging resistance.

When mousing in snow, the fox's long snout also allows it to reach its prey earlier, as mice are very sensitive to movements in their environment and can quickly escape. Other behavioral studies have shown that prior to pouncing, foxes shake their heads to listen to the rustling sounds of mice or other animals beneath the snow's surface, thereby gauging the depth of the sound source.

"This is a very dangerous process, but we haven't had reports of foxes getting injured," Jung said.

The study was funded by the National Science Foundation.
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Laser imaging could offer early detection for at-risk artwork | ScienceDaily
Look closely at Impressionist paintings in museums compared with photos of them taken 50 years ago, and you might notice something odd: some are losing their bright yellow hues.


						
Take the dramatic sunset in Edward Munch's famous painting "The Scream." Portions of the sky that were once a vivid orangish yellow have faded to off-white.

Likewise, some of the sunny yellow that Henri Matisse brushed between the reclining nudes in his painting "The Joy of Life" is now more of a drab beige.

Several other paintings from this period are facing similar issues. The bright yellow paint these artists used was made from the chemical compound cadmium sulfide. The pigment was beloved by many European artists of the late 19th and early 20th centuries. Claude Monet, Vincent van Gogh, and Pablo Picasso all brushed their canvasses with it.

"So many painters really loved this pigment," said Yue Zhou, who earned her Ph.D. in the lab of Duke chemistry professor Warren Warren.

But as the decades passed, many artists and art conservators realized they had a problem: Their cadmium yellow brushstrokes didn't look as vibrant as they once did.

The passage of time exposes artwork to light, moisture, dust and other elements of nature that can make pigments vulnerable to fading and discoloration.




In a new study, Duke University researchers show that a laser microscopy technique they developed could offer a means of early detection, making it possible to identify the first tiny signs of color change even before they're visible to the eye.

Several techniques exist to study what pigments were used in a painting and how much they've broken down. But they typically involve scraping off a tiny chip of paint with a scalpel to analyze its composition. That method can damage the piece and limits the area to be studied, Zhou said.

"It's a little like surgery," she added.

Enter pump-probe microscopy. It can peer into layers of paint and detect chemical changes that mark the onset of a pigment's decay, without taking cross-sections of the original artwork.

The technique uses ultra-fast pulses of harmless visible or near-infrared light, lasting less than a trillionth of a second, and measures how they interact with pigments in the paint. The resulting signals can be used as chemical fingerprints to identify which compounds are present.

By focusing the laser beam at different locations and depths within the sample, the researchers are able to create 3D maps of certain pigments and monitor what's happening at scales as small as a hundredth of a millimeter.




For the new study, published April 26 in the Journal of Physics: Photonics, the researchers used pump-probe microscopy to analyze samples of cadmium yellow paint subjected to an artificial aging process.

In a lab on Duke's west campus, Zhou stirred up samples of the famous color. Taking a bottle of powdered cadmium sulfide pigment off a shelf, she mixed it with linseed oil and then brushed it on microscope slides to dry.

Some samples were left in a dark and dry environment, protected from moisture and light damage. But the rest were placed in a special chamber and exposed to light and high humidity -- factors known to wreak havoc on unstable colors.

The researchers then imaged the paint samples using pump-probe microscopy to track the degradation progress on a microscopic scale.

Compared with control samples, the samples that got the aging treatment emerged looking the worse for wear. After four weeks in the aging chamber, they had faded to lighter shades of yellow.

But even before these changes became noticeable, clear signs of decay were already apparent in the pump-probe data, Zhou said.

The cadmium sulfide signal started to wane as early as week one, eventually decreasing by more than 80% by week four.

The signal loss is a result of chemical changes in the pigments, Zhou said. Moisture triggers the transformation of cadmium sulfide, which is yellow, into cadmium sulfate, which is white -- resulting in a whitish or dull cast.

Senior co-authors Warren and Martin Fischer originally developed the technique to analyze pigments in human tissue, not works of art -- to inspect skin moles for signs of cancer. But then they realized the same approach could be used for art conservation.

There is a caveat: while the technique spots early changes in a nondestructive way, conservators can't easily recreate the bulky laser setup in their own museums.

In the future, the team says it might be possible to develop a cheaper, more portable version that can be used to study paintings that are too vulnerable or large to transport and analyze off site.

Of course, any color loss that has already happened can't be reversed. But one day, art conservators might have a new tool to spot these changes earlier and take steps to slow or stop the process in its beginning stages.

The research has potential applications beyond artists' pigments. Looking at cadmium yellow degradation in century-old paintings could help researchers better understand modern materials that are vulnerable to the elements too, such as the cadmium sulfide used in solar cells, Warren said.
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One in eight grown-ups love extreme tartness | ScienceDaily
For most people, biting into a lemon would leave them puckered up and desperate to lose that sour flavor, but a new study by Penn State researchers revealed that roughly one in eight adults like intensely sour sensations. The cross-cultural study, recently published in the journal Food Quality and Preference, demonstrated there is a subset of "sour likers" who enjoy exceptionally sour foods.


						
"This is the first time it's been convincingly shown that there is a segment of adults who likes strongly sour things," said John Hayes, professor of food science, director of the Sensory Evaluation Center at Penn State and author on the study.

Previous studies have shown that some children, roughly one in three, enjoy intensely sour things, Hayes explained, but this had not been tested directly in adults. His recent study, conducted in partnership with researchers in Italy, was the first to show that for a sizeable amount of people, the enjoyment of sourness lasts well into adulthood.

"Think about candies like Warheads and Sour Patch Kids," Hayes said. "The market tells us that there must be some people who enjoy them into adulthood, but now we have an estimate of how many."

The international research team set out to test the widespread belief that adults are generally averse to sourness, which they predicted would result in a drop in liking as sourness increases. They tested the liking patterns of sourness in two different countries across two different groups of individuals belonging to different food cultures -- Italy and the United States.

The team measured the responses of 143 American adults to various levels of citric acid in water. They also measured the responses of 350 Italian adults to pear juice spiked with various amounts of citric acid. They selected participants with similar age, gender and ethnicity -- majority white -- from a metropolitan area in Tuscany, Italy, and from the municipality of State College.

Participants were asked to rate the intensity and liking of a range of samples with varying sourness levels. For both cohorts, the researchers found evidence of three distinct patterns of response: a strong negative group where liking dropped with increased sourness, an intermediate group who showed a more muted drop in liking with more sourness, and a strong positive group where liking increased with more sourness.




"Most people didn't like sourness, so if you just average across the entire group, then you'd conclude that more sour equals bad," says Hayes. "But if you dig deeper, you find huge differences across people."

By gauging levels of liking, the researchers were also able to test the hypothesis that "sour likers" might just be less sensitive to sour foods, the theory that higher concentrations of sourness for "sour likers" registered the same as lower concentrations of sourness in someone else.

"You could imagine a case where they're just less responsive to sourness in general," Hayes said. "But that's not what we find. We find the people that like really sour flavor actually experience it just as sour as other people. They simply enjoy it more."

Strikingly, the researchers noted that both the Italian and American cohorts showed similar proportions of response patterns to sourness, with about 63% to 70 % in the strong negative group and roughly 11% to 12 % in the strong positive group, suggesting these proportions may be stable across cultures.

"Italian food culture and American food culture are so wildly different," said Sara Spinelli, a researcher from the University of Florence in Italy and first author on the paper. "And yet we end up with almost identical percentages, which suggests to us this is not an effect of prior exposure. It's probably something innately different about those people. We don't know what that is, but it tells us that it's not just the foods you grew up with."

The researchers noted that the data support the existence of previously unexplored taste profiles that respond positively to sour stimuli. Given that sourness is classically considered to be a negative sensory attribute, the researchers were surprised to discover that that roughly 1 in 8 participants from both countries showed an increase in liking as sourness increased.

"This study highlights the importance of looking at individual differences and potential consumer segments, rather than merely averaging responses across all individuals within a group," Spinelli said. "Because when we average the response, all we see is a dislike of sourness, we lose this subset of people who actually love it."

Hayes explained that this type of segmentation could be used to develop tailored products that account for the specific "sour liker" taste profile.

"This could ultimately serve to promote the consumption of healthier foods and beverages that are lower in sweetness but still acceptable to consumers," he said.
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Possible alternative to antibiotics produced by bacteria | ScienceDaily
Many bacteria produce substances to gain an advantage over competitors in their highly competitive natural environment. Researchers at the University Hospital Bonn (UKB), the University of Bonn and the German Center for Infection Research (DZIF) have discovered a new so-called lantibiotic, namely epilancin A37. It is produced by staphylococci that colonize the skin and acts specifically against their main competitors there, the corynebacteria. This specificity is presumably mediated by a very special mechanism of action, which the researchers were able to decipher in detail. Their results have now been published in the ISME Journal.


						
Due to increasing antibiotic resistance in pathogens causing infections, the development of new antibacterial substances is important. Hopes are pinned on a new group of substances produced by gram-positive bacteria, the lantibiotics. These are antimicrobial peptides that often have a very narrow spectrum of activity. "Such compounds are highly interesting from a medical point of view, as they could specifically attack individual groups of organisms without affecting the entire bacterial flora, as is the case with broad-spectrum antibiotics, for example," says corresponding author Dr. Fabian Grein, until recently head of the DZIF research group "Bacterial Interference" at the Institute of Pharmaceutical Microbiology at the UKB and member of the Transdisciplinary Research Area (TRA) "Life & Health" at the University of Bonn.

Essential competitive advantage over corynebacteria 

The UKB research team led by Fabian Grein and Tanja Schneider, together with the team led by Ulrich Kubitscheck, Professor of Biophysical Chemistry at the University of Bonn, have now discovered a new lantibiotic, namely epilancin A37. It is produced by staphylococci, which are typical colonizers of the skin and mucous membranes. Little is known about these antimicrobial peptides. "We were able to show that epilancins are widespread in staphylococci, which underlines their ecological importance," says first author Jan-Samuel Puls, a doctoral student from the University of Bonn at the Institute of Pharmaceutical Microbiology at the UKB. This is because staphylococci and corynebacteria are important genera of the human microbiota -- i.e. the totality of all microorganisms such as bacteria and viruses -- in the nose and skin, which are closely linked to health and disease. The need to produce such a compound indicates a pronounced competition between the species. The researchers were able to show that the newly discovered epilancin A37 acts very specifically against corynebacteria, which are among the main competitors of staphylococci within the skin microbiome.

New mode of action in the "bacterial war" decoded

"This specificity is presumably mediated by a very special mechanism of action that we were able to decipher in detail," says Grein. Epilancin A37 penetrates the corynebacterial cell, initially without destroying it. The antimicrobial peptides accumulate in the cell and then dissolve the cell membrane from the inside, thus killing the corynebacterium. Co-author Dr. Thomas Fliesswasser from the Institute of Pharmaceutical Microbiology at the UKB, postdoctoral researcher at the University of Bonn and acting head of the DZIF research group "Bacterial Interference" adds: "Our study shows how a specific mechanism of action can be used to specifically combat a single bacterial species. It therefore serves us as a 'proof of concept'."
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More plants on the menu of ancient hunter-gatherers | ScienceDaily
It has long been thought that meat played an important role in the diet of hunter-gatherers before the Neolithic transition. However, due to the scarcity of well-preserved human remains from Paleolithic sites, little information exists about the dietary habits of pre-agricultural human groups. A new study challenges this notion by presenting compelling isotopic evidence of a strong preference for plants among 15,000-year-old hunter-gatherers from Morocco. This is the first time a significant amount of plant consumption has been measured for a pre-agricultural population, shedding new light on the dietary practices of ancient human societies.


						
Conducted by an international team of scientists from the Max Planck Institute for Evolutionary Anthropology (Leipzig, Germany), Geoscience et Environnement Toulouse (Toulouse, France), and the Institut National des Sciences de l'Archeologie et du Patrimoine (Rabat, Morocco), the study examines the diet of individuals associated with the Iberomaurusian culture discovered in the cave of Taforalt, Morocco. Using a comprehensive multi-isotopic approach, including zinc and strontium isotope analysis in dental enamel, carbon, nitrogen, and sulfur analysis in collagen, as well as amino acid analysis of human and faunal remains, the researchers uncovered surprising insights into ancient dietary practices.

The study's major conclusions clearly show that the diet of these hunter-gatherers included a significant proportion of plants belonging to Mediterranean species, predating the advent of agriculture in the region by several millennia. Archaeobotanical remains found at the site, such as acorns, pine nuts, and wild pulses, further support this notion. Moreover, the study suggests that plant foods were also introduced into infant diets and may have served as weaning products for this human population. This finding has significant implications, as it suggests the potential for earlier weaning practices in pre-agricultural communities compared to previously thought norms for hunter-gatherer societies.

Complex dietary practices of pre-agricultural societies

This challenges the prevailing notion of a diet heavily based on animal protein among pre-agricultural human groups and raises questions about the lack of agricultural development in North Africa at the beginning of the Holocene. Zineb Moubtahij, first author of the study, explains: "Our findings not only provide insights into the dietary practices of pre-agricultural human groups but also highlight the complexity of human subsistence strategies in different regions. Understanding these patterns is crucial to unraveling the broader story of human evolution."

Furthermore, this study is the first to use zinc isotopes preserved in enamel to determine the diet of ancient populations in Africa. North Africa is a key region for the study of human evolution and modern human dispersal. Having a tool that allows us to further explore human diet deep in time in this region will provide valuable insights into human dietary patterns and adaptability in different environments.

Moving forward, the research team hopes to explore additional Paleolithic sites in North Africa and use innovative techniques to gain a deeper understanding of ancient dietary practices and their implications for human evolution.
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        EPA underestimates methane emissions from landfills, urban areas
        The Environmental Protection Agency (EPA) is underestimating methane emissions from landfills, urban areas and U.S. states, according to a new study. The researchers combined 2019 satellite observations with an atmospheric transport model to generate a high-resolution map of methane emissions, which was then compared to EPA estimates from the same year. The researchers found: Methane emissions from landfills are 51% higher compared to EPA estimates Methane emissions from 95 urban areas are 39% hi...

      

      
        Roadmap to close the carbon cycle
        Reaching net-zero carbon emissions goals requires finding transformative paths to manage carbon in difficult-to-electrify economic sectors.

      

      
        Social-media break has huge impact on young women's body image, study finds
        There's a large and growing body of evidence pointing to potentially negative impacts of social media on mental health, from its addictive nature to disruptions in sleep patterns to effects on body image. Now, a new study has found that young women who took a social media break for as little as one week had a significant boost in self-esteem and body image -- particularly those most vulnerable to thin-ideal internalization.

      

      
        Understanding youth nicotine use to prevent initiation and escalation
        Using multiple nicotine products can be associated with higher levels of nicotine dependence among youth and increased mortality in adults, compared with the use of one product alone. Researchers have now uncovered factors that contribute to adolescents using multiple nicotine products. These findings, they say, will help inform efforts to prevent escalation from single to multiple product use.

      

      
        Life expectancy in two disadvantaged areas higher than expected
        Better than expected life expectancy in two disadvantaged areas in England is probably due to population change according to local residents and professionals. In the UK, people from the most disadvantaged areas can expect to die nine years earlier compared with people from the least disadvantaged areas while people in the north of England have lower life expectancy, higher infant mortality and worse health and wellbeing compared with national averages.

      

      
        Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows
        The body clock has a significant impact on the performance of NBA players. Data shows vastly better win ratio for home teams from the Western Time Zone Area (PDT) when playing an EDT team, compared to vice versa.

      

      
        Astronomers share climate-friendly meeting solutions
        Carbon emissions associated with air travel to professional conferences make up a sizable fraction of the emissions produced by researchers in academia.

      

      
        Is it time to retire the best-before date?
        The inventors of a suite of tests that enable food packages to signal if their contents are contaminated are working to bring producers and regulators together to get their inventions into commercial products, with the goal of preventing illness and reducing food waste.

      

      
        Missing link in species conservation: Pharmacists, chemists could turn tide on plant, animal extinction
        As the world faces the loss of a staggering number of species of animals and plants to endangerment and extinction, one scientist has an urgent message: Chemists and pharmacists should be key players in species conservation efforts.

      

      
        Big data reveals true climate impact of worldwide air travel
        A new study that looked at nearly 40 million flights in 2019 calculated the greenhouse gas emissions from air travel for essentially every country on the planet. At 911 million tons, the total emissions from aviation are 50 per cent higher than the 604 million tons reported to the United Nations for that year.

      

      
        Machine listening: Making speech recognition systems more inclusive
        One group commonly misunderstood by voice technology are individuals who speak African American English, or AAE. Researchers designed an experiment to test how AAE speakers adapt their speech when imagining talking to a voice assistant, compared to talking to a friend, family member, or stranger. The study tested familiar human, unfamiliar human, and voice assistant-directed speech conditions by comparing speech rate and pitch variation. Analysis of the recordings showed that the speakers exhibit...

      

      
        Innovation promises to prevent power pole-top fires
        Engineers in Australia have found a new way to make power-pole insulators resistant to fire and electrical sparking, promising to prevent dangerous pole-top fires and reduce blackouts. Pole-top fires pose significant challenges to power providers and communities worldwide. In March, pole-top fires cut power from 40,000 homes and businesses in Perth, Australia. The 2020 Royal Commission into National Natural Disaster Arrangements found that power outages experienced by 280,000 customers from vario...

      

      
        E-bike incentives prove to be worth the investment
        Electric bicycle rebates have exploded in popularity in North America as transportation planners try to get people out of their cars and into healthier, more climate-friendly alternatives. However, questions remain: Are new cycling habits sustainable? Who benefits most from these incentives? And are they worth the cost? Researchers now have some answers.

      

      
        Study finds school entry requirements linked to increased HPV vaccination rates
        A new study shows that school entry requirements are linked to an increase in human papillomavirus (HPV) vaccinations.

      

      
        Intervention based on science of reading, math boosts comprehension, word problem-solving skills
        Researchers tested a research-based intervention with English learners with math difficulty. The intervention proved to boost comprehension and help students synthesize and visualize information, which improved the students' math world problem-solving skills.

      

      
        Energy trades could help resolve Nile conflict
        Scientists have shed light on a new, transformative approach that could help resolve a dispute over the Nile river's water resources.

      

      
        How geography acts as a structural determinant of health
        In unincorporated communities in the United States-Mexico borderlands, historically and socially marginalized populations become invisible to the healthcare system, showing that geography acts as a structural determinant of health for low-income populations.

      

      
        Component of keto diet plus immunotherapy may reduce prostate cancer
        Adding a pre-ketone supplement -- a component of a high-fat, low-carb ketogenic diet -- to a type of cancer therapy in a laboratory setting was highly effective for treating prostate cancer, researchers found.

      

      
        Climate change could become the main driver of biodiversity decline by mid-century
        Global biodiversity has declined between 2% and 11% during the 20th century due to land-use change alone, according to a large multi-model study. Projections show climate change could become the main driver of biodiversity decline by the mid-21st century.

      

      
        Voluntary corporate emissions targets not enough to create real climate action
        Companies' emissions reduction targets should not be the sole measure of corporate climate ambition, according to a new perspective paper.
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EPA underestimates methane emissions from landfills, urban areas | ScienceDaily
The Environmental Protection Agency (EPA) is underestimating methane emissions from landfills, urban areas and U.S. states, according to a new study led by researchers at the Harvard John A. Paulson School of Engineering and Applied Sciences (SEAS).


						
The researchers combined 2019 satellite observations with an atmospheric transport model to generate a high-resolution map of methane emissions, which was then compared to EPA estimates from the same year. The researchers found:
    	Methane emissions from landfills are 51% higher compared to EPA estimates
    	Methane emissions from 95 urban areas are 39% higher than EPA estimates
    	Methane emissions from the 10 states with the highest methane emissions are 27% higher than EPA estimates

"Methane is the second largest contributor to climate change behind carbon dioxide so it's really important that we quantify methane emissions at the highest possible resolution to pinpoint what sources it is coming from," said Hannah Nesser, a former PhD student at SEAS and first author of the paper. Nesser is currently a NASA Postdoctoral Program (NPP) Fellow in the Carbon Cycle & Ecosystems Group at the Jet Propulsion Laboratory.

The research, published in Atmospheric Chemistry and Physics, was a collaboration between scientists at Harvard and an interdisciplinary team of researchers from across the U.S. and around the world, including universities in China and the Netherlands.

The EPA estimates that landfills are the third-largest source of human-caused methane emissions in the U.S., but the EPA uses a bottom-up accounting method that often doesn't match observations of atmospheric methane.

The EPA methane estimate for landfills uses the Greenhouse Gas Reporting Program, which requires high-emitting facilities to self-report their emissions annually. For landfills without methane capture, the emissions are simply calculated by looking at the amount of trash that comes in and estimating how much methane trash produces over time. That figure is then scaled up to include landfill operations that don't report to the Greenhouse Gas Reporting Program.

Nesser and her colleagues' top-down approach uses observations of atmospheric methane from the Tropospheric Monitoring Instrument (TROPOMI) aboard the Sentinel-5 Precursor satellite together with an atmospheric transport model to trace the path of emissions from the atmosphere back to the ground.




Using this method, the team zoomed in on 70 individual landfills across the U.S. In these facilities, the researchers found emissions that were on median 77% higher than the estimates from the Greenhouse Gas Reporting Program.

The disparity is wider for landfills that collect methane as part of their operations.

Landfills don't measure the exact amounts of methane they are losing but rather estimate how efficient their collection systems are. The EPA assumes the default efficacy rate for methane collection is 75%.

But Nesser and her colleagues found that, in fact, landfills are much less effective at collecting methane than previously thought.

Of the 70 landfills the team studied, 38 recover gas. Among those facilities, the researchers found that methane levels were on median more than 200% higher than the estimates from the Greenhouse Gas Reporting Program.

"Our research shows that these facilities are losing more methane than they think," said Nesser. "The EPA uses 75% efficacy as the default for methane collection, but we find that it's actually much closer to 50%."

The EPA estimates also do not capture one-off events, such as construction projects or temporary leaks, which could lead to a massive increase in methane emissions and contribute to the discrepancy between EPA estimates and observed atmospheric methane.




The research team also compared their analysis to the EPA's new state-level greenhouse gas inventories.

The researchers found 27% higher methane emissions from the 10 top methane-producing states, with the largest increases in Texas, Louisiana, Florida, and Oklahoma. The team found that those 10 states are responsible for 55% of U.S. human-caused methane emissions. Perhaps unsurprisingly, Texas is responsible for 21% of anthropogenic methane emissions in the U.S., 69% of which is from the oil and gas industry.

At the city level, the researchers found that, on average, the 10 cities with the highest urban methane emissions actually have 58% higher emissions than previously estimated. Those cities include New York, Detroit, Atlanta, Dallas, Houston, Chicago, Los Angeles, Cincinnati, Miami and Philadelphia.

"All of these places have a different profile of emission sources, so there's no one thing driving the methane underestimate across the board," said Nesser.

The researchers hope that future work will provide more clarity on exactly where these emissions are coming from and how they are changing.

"This research highlights the importance of understanding these emissions," said Daniel Jacob, the Vasco McCoy Family Professor of Atmospheric Chemistry and Environmental Engineering at SEAS and senior author of the paper. "We plan to continue to monitor U.S. emissions of methane using new high-resolution satellite observations, and to work with the EPA to improve emission inventories."

The research was co-authored by Joannes D. Maasakkers, Alba Lorente, Zichong Chen, Xiao Lu, Lu Shen, Zhen Qu, Melissa P. Sulprizio, Margaux Winter, Shuang Ma, A. Anthony Bloom, John R. Worden, Robert N. Stavins and Cynthia A. Randles.

It was supported by the NASA Carbon Monitoring System (CMS) and the Harvard Climate Change Solutions Fund.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240501193644.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Roadmap to close the carbon cycle | ScienceDaily
A major approach to achieving net-zero carbon emissions relies on converting various parts of the economy, such as personal vehicles and heating, to run via electricity generated from renewable sources. But carbon cannot be removed from all parts of society. Plastics, ubiquitous in the modern world, cannot be decarbonized because they are made of carbon-based molecules.


						
Led by chemist Wendy Shaw of Pacific Northwest National Laboratory (PNNL), a multi-institutional effort has produced a new roadmap to reducing emissions in hard-to-electrify segments of the economy. The multifaceted approach includes developing non-carbon fuels, finding non-fossil sources of carbon, and keeping carbon in play once it enters the cycle, ideally resulting in multiple uses of each carbon atom.

Single-use carbon can no longer be widespread, the roadmap authors assert. The carbon must be kept in play through a circular economy where each carbon atom is used numerous times. The carbon can be reused within the same industrial sector or act as a feedstock for a new industrial sector. For instance, developing polymer upcycling processes and efficiently reusing carbon-based materials will be central to a net-zero carbon emissions future.

"We need novel and creative solutions to realize our decarbonization goals," said PNNL Director Steven Ashby. "And collaboration is key to accelerating the use-inspired scientific research in catalysis and separations science that will underpin these solutions. I eagerly await these results and their deployment in aviation, heavy duty trucking, and marine transportation."

The ideas emerged from a workshop on "Closing the Carbon Cycle," jointly hosted by PNNL, Ames National Laboratory, Argonne National Laboratory, Brookhaven National Laboratory, Lawrence Berkeley National Laboratory, Oak Ridge National Laboratory, and the SLAC National Accelerator Laboratory. Leads from each laboratory included Shaw, James Morris, Max Delferro, Sanjaya Senanayake, Francesca Toma, Michelle Kidder, and Simon Bare, respectively.

"Advancing carbon recycling and conversion technologies is key to a clean energy future, and Argonne is committed to supporting its development," said Argonne Director Paul Kearns. "I commend the researchers who are collaborating across the Department of Energy national lab complex to drive these transformative innovations to achieve net-zero by 2050."

A roadmap to decarbonization

Hydrogen and ammonia both have potential as carbon-free fuels. However, both have clear challenges for implementation. In particular, the cost to store and transport hydrogen makes it impractical with current technologies. Work to develop carrier molecules and materials to enable safe and affordable hydrogen transportation will complement the Department of Energy's Hydrogen Earthshot goal of renewably produced hydrogen for 1 $/kilogram or less. This cost reduction could help create viable hydrogen-based systems.




Using carbon from diverse sources is central to the proposed approach. Carbon will continue to be essential for many critical economic sectors. These sectors are candidates for circular carbon cycling through recycling and incorporating multiple carbon sources. Possible sources for valuable carbon include biomass, food waste, and plastic waste. Making this process a reality requires effective and efficient separations and conversions because complex mixtures make up most non-fossil carbon streams.

"Carbon should be seen as a valuable commodity that must be conserved and reused," said Shaw, Chief Science and Technology Officer of PNNL's Physical and Computational Sciences Directorate. "Our vision is to transform the role of carbon in our economy by reusing each carbon atom multiple times in a circular economy."

Effectively transforming "traditional" waste materials into reusable materials remains critical. Combining the separation and conversion steps through reactive separations may provide a practical approach. Reactive separations combine chemical reactions with purifying separations and can provide process intensification, converting the non-fossil carbon more efficiently.

"We need new fundamental science developments to produce integrated industrial approaches," said Morris. "The resulting technologies will create new economic opportunities, educational development, and additional job growth."

The roadmap presents a future without waste, where carbon is treated as a precious commodity rather than a disposable resource. Bringing sustainable sources of carbon into the carbon-circle economy is essential to this future.

This roadmap is the outcome of a workshop entitled "Closing the Carbon Cycle: Opportunities in Energy Science," organized by seven Department of Energy national laboratories on July 18 and 19, 2022. The full article is available in Nature Reviews Chemistry.
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Social-media break has huge impact on young women's body image, study finds | ScienceDaily
There's a large and growing body of evidence pointing to potentially negative impacts of social media on mental health, from its addictive nature to disruptions in sleep patterns to effects on body image. Now, a new study coming out of York University's Faculty of Health found young women who took a social media break for as little as one week had a significant boost in self-esteem and body image -- particularly those most vulnerable to thin-ideal internalization.


						
"The statistician inside me was excited -- we don't often see effect sizes this large in my area of psychology research because human behaviour is complicated and there's lots of variability," says Psychology Professor Jennifer Mills, co-author of the paper. "We hope this study can be used to help protect young people and influence social media companies to give users more agency in how they interact with these platforms."

The paper, out this week in the journal Body Image, is thought to be the first to look specifically at social-media breaks and body image. Mills, whose lab has been on the forefront of this kind of research, collaborated on the paper with graduate researcher Lindsay Samson and undergraduate Olivia Smith, both students at York. They expected that there might be recruitment challenges, but it turns out there was enthusiasm for taking a social media pause among the 66 first-year female undergraduates who participated. Half were instructed to continue their social media as per usual, while the other half were given instructions to refrain from Instagram, Facebook, Twitter, and TikTok and other social media use for one week. They conducted baseline surveys before the experiment, and tested the participants again after the week was over.

"There's natural variability in how people feel about their bodies and about themselves in general, so we took that into account statistically, and even after that there were still significant differences between the groups after one week," says Mills, who is also the director of clinical training for the graduate psychology program.

The differences in the social media landscape are remarkable compared to when Mills started researching eating disorders and the effects of media, like magazines aimed at women.

"Back then, you could only spend so many minutes or hours looking at fashion and beauty magazines and they only came out once a month. There was a finite amount of content that you would be exposed to. With social media it's infinite. It's always new and novel, which triggers our brain's reward system that makes us want more and more of something."

Mills says the improvements found in this study might be explained both by women spending far less time engaging in behaviours known to have a detrimental effect, such as comparisons with others, but they may have also replaced social media with healthier behaviours.

"If we're spending more time in real life, socializing with friends, getting sleep, getting outdoors, getting exercise, there could be secondary behaviours that fill the void left by social media. Future research will try to disentangle that."
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Understanding youth nicotine use to prevent initiation and escalation | ScienceDaily
Using multiple nicotine products can be associated with higher levels of nicotine dependence among youth and increased mortality in adults, compared with the use of one product alone. Yale researchers have now uncovered factors that contribute to adolescents using multiple nicotine products.


						
These findings, they say, will help inform efforts to prevent escalation from single to multiple product use.

Their findings were reported April 24 in the journal Preventative Medicine.

While public health campaigns have spread awareness on the harms of smoking and, more recently, vaping, an increasingly diverse landscape of nicotine products, widespread adoption of e-cigarettes, and a growing use of multiple products among young people may require updated strategies, says Patricia Simon, an assistant professor adjunct of psychiatry at Yale School of Medicine (YSM) and lead author of the study.

"Using nicotine products has numerous health impacts and multiple product use can have additional negative consequences, including increased nicotine dependence, reduced intent to quit, and increased mortality," said Simon. "One challenge now is to find ways to prevent young people from progressing from single to multiple product use, but we need to know what contributes to that progression in order to develop effective interventions."

For the study, Simon and her colleagues used data from the Population Assessment of Tobacco and Health (PATH) Study, a long-term evaluation of tobacco use in the United States that began in 2013 and is administered and funded by the National Institutes of Health (NIH) and the U.S. Food and Drug Administration (FDA). The researchers analyzed data from over 10,000 individuals who joined the PATH study when they were between the ages 12 and 17. The participants completed the PATH Study assessments in 2013 and 2014 (Wave 1 of the PATH Study) and again in 2017 and 2018 (Wave 4).

Among the study group during Wave 4, nearly 11% reported having used multiple nicotine products, over 13% reported using one product, and just over 76% said they had not used any nicotine products during the previous 30 days, the researchers found. Cigarettes were the product most reportedly used followed by e-cigarettes, cigars, hookah, and smokeless tobacco.




"We also found several personal, familial, and environmental factors that contributed to nicotine product use and multiple product use," said Ralitza Gueorguieva, a senior research scientist in the Department of Biostatistics at Yale School of Public Health (YSPH) and coauthor of the study.

Those who reported using nicotine products in Wave 4 of the study reported more problems with sleep, anxiety, or feelings of hopelessness, were less likely to have talked with parents or guardians about not using tobacco products, and more likely to have seen advertisements for tobacco products in Wave 1, compared with those not reporting nicotine use.

The researchers then compared individuals who used multiple products with those who reported using just one in Wave 4, finding they were more likely to be male, in the older 15- to 17-year-old age group, and to have reported ever using a nicotine product at the start of the study (Wave 1). When asked to rate how much harm they thought came from using various nicotine products, those who used multiple products assigned less harmful ratings than those who used just one product.

"This more nuanced understanding of nicotine use in adolescents allows us to better differentiate those who use single products versus multiple products, which is an important new perspective," said Elina Stefanovics, a research scientist in the Department of Psychiatry at YSM and coauthor of the study.

These findings should be considered by regulators aiming to align policies with modern usage patterns, clinicians advising parents on risk and protective factors, and prevention scientists developing targeted programs based on specific risk factors for youth, said the researchers.

"This study provides crucial evidence that will help shape interventions aimed at preventing both the initiation and escalation of nicotine product use among adolescents," said Eugenia Buta, a research scientist with the Yale Center for Analytical Sciences at YSPH and coauthor of the study. "By understanding these factors, we can develop more effective public health strategies and regulatory policies to reduce the prevalence of multiple nicotine product use among our youth."

Shiyao Ying at YSPH and Suchitra Krishnan-Sarin at YSM were also coauthors of the study.

Research reported in this publication was supported by grant number U54DA036151 from the National Institute on Drug Abuse (NIDA), part of the NIH, and the Center for Tobacco Products, part of the FDA. Partial support is also provided by National Cancer Institute, NIH grant R03 CA245991 and NIDA grant L40 DA042454. The content is solely the responsibility of the authors, and it does not necessarily represent the official views of the National Institutes of Health or the Food and Drug Administration.
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Life expectancy in two disadvantaged areas higher than expected | ScienceDaily
Better than expected life expectancy in two disadvantaged areas in England is probably due to population change according to local residents and professionals.


						
In the UK, people from the most disadvantaged areas can expect to die nine years earlier compared with people from the least disadvantaged areas while people in the north of England have lower life expectancy, higher infant mortality and worse health and wellbeing compared with national averages.

The study, funded by the NIHR School for Public Health Research, was a collaboration between Lancaster University, the London School of Hygiene and Tropical Medicine, the University of Liverpool and Northumbria University.

Researchers examined trends in life expectancy (LE) following the introduction of austerity policies in 2010, when gains in LE generally stalled.

They selected two case studies -- a rural local authority area in the Northwest and an urban local authority area in the South-East of England. Both are in the bottom third of the most disadvantaged areas, with life expectancy below the average of 79.6 for men and 83.2 for women in England.

Changes in LE at birth and at 65 years, between 2010-12 and 2015-17, were identified based on data supplied by Public Health England and the Office for National Statistics.

Both the NW and SE Areas showed greater gains than expected given levels of social and economic disadvantage. Male LE increased by between 1 and 2 years at birth and 0.6 to 1.4 at 65 while female LE rose by between 0.6-1.6 at birth and 0.4 to 1 year at age 65.




Participants interviewed for the study from both areas described population changes as factors. Local action, such as working in partnership and targeting services in areas of need may have contributed to mitigating the worst effects of austerity.

In the NW Area, some thought young families moving into the area were taking advantage of lower house prices and rental costs compared with more expensive areas near the urban centre.

One local authority officer said: "I'd heard about the in-migration of people, from probably from [large city]. And the rental costs for housing in [the town] have gone up according to Rightmove. I think it was in the very recent past, so I do wonder when we look at this question as to whether there might have been an influx of middle-class folks who are escaping the city."

There were new housing developments and also a suggestion that town centre improvements may have contributed to the area becoming a more attractive place to live for people moving out of the city. While house prices and rental costs were lower compared with surrounding areas, they were rising significantly, which may have implications for the existing population.

One resident from the NW Area said: "It makes it more difficult for people locally, doesn't it? Because you know, if they're already struggling too. If they don't have a car, ... if they don't have access to things, that makes it so much more difficult."

Whereas in the SE area, there was a perception that young professionals with highly paid jobs were re-locating, against the backdrop of an existing transient and diverse population.




As one health professional said: "The industry has changed; it used to be a car town where [large car manufacturer] was based and there were lots of middle-aged men working in factories. There's now much less of that and there's a sort of tech industry so they've brought in a younger population. In terms of linking to health issues I think it's much more the population migration sort of background that has an impact."

Lead author Dr Rebecca Mead is a Research Fellow from the NIHR School for Public Health Research (SPHR) Health Inequalities Programme from Lancaster University.

She said: "Population changes and austerity, were perceived as more important to stakeholders than what was happening within an area, including local strategies and action. These perceived population changes may have been influenced by policy decisions affecting wider determinants of health'; town centre renewal programmes attracting young families in NW, and improved rail links with the major city attracting young professionals in SW. Inward migration positively affecting health outcomes and LE does not suggest these areas are health resilient.

"Stakeholders within areas of disadvantage might use this knowledge to consider the unintended consequences on existing populations of policies designed to attract more affluent people to their neighbourhoods. For example, increasing house prices and rental costs pushing existing populations out of neighbourhoods.

Professor of Public Health Matt Egan from the London School of Hygiene and Tropical Medicine said: "Our local authorities have the difficult job of trying to improve population health -- but they don't all operate in a level playing field. Some have relatively bigger issues to address and less resources to do it with. Our findings suggest that while those trying to improve the health of those in need try lots of different approaches, they assume their success is likely to be determined by external factors such as local population change and austerity."
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Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows | ScienceDaily
The body clock has a significant impact on the performance of NBA players, according to study published in the peer-reviewed journal Chronobiology International.


						
The authors say their findings, from more than 25,000 matches, show elite basketball coaches and teams should consider the physical and mental effects of time zone travel when planning games and preparing for games.

A first of its kind, the research is based on the achievements at home and away of NBA (National Basketball Association) league players across 21 consecutive seasons. Considered the most competitive in the world, NBA athletes frequently travel to matches across the five US time zones used by NBA teams.

The findings show that there is a near 10% better win ratio difference for home teams from the western time zone area (PDT) when playing against a team from the eastern EDT time zone, compared to when an EDT team hosts a PDT team.
    	When PDT teams play at home against EDT teams the winning percentage is 63.5%.
    	When EDT teams host a PDT team, the winning percentage drops to 55.0%.

In addition, the findings also show that teams win more home games when players' sleep-wake cycles -- linked to their circadian rhythm (CR) -- are 'ahead' of the local time. This is after they have returned west from competing in a city further east where the local time is earlier.

For example, if the LA Lakers play an away match at Miami (EDT) and then return to Los Angeles (PDT) to play a home game without much CR adaptation time (CR is ahead of the local time), the Lakers play the next home game with a CR advantage against whomever their opponents are.

Teams do not have the same success when players' internal body clocks are either behind or synchronized with the local time where their home arena or stadium is based, according to the results.




Experts from Dokuz Eylul University and Yildiz Technical University, in Turkey, led the study. Dr Firat Ozdalyan, a Sport Physiology expert from Dokuz Eylul, explains that they found NBA teams need to become used to the local time when they play away games to perform well.

"One of the most important results of this research for the home games of the NBA teams is that while traveling to the west increases the performance, traveling to the east decreases the performance," he states.

"Another notable finding is that the success of NBA teams increases when they are fully adapted to the local time for away games.

"Home teams who will be exposed to such a CR phase shift (traveling from west to east) should be mindful of these potential performance detriments when constructing game plans.

"It can be suggested that coaches (of away teams) should bear this (the low shooting success) in mind during the game preparation period."

A circadian rhythm (CR) is the body's sleep-wake pattern over a 24-hour day. A CR phase shift means bedtime and wake-up times move earlier or later in the day.




This means the body clock gets out of sync with the environment which can lead to sleeplessness, daytime tiredness and other issues. The body clock needs 24 hours to adapt for every one-hour time zone change.

The study investigated the effect of a CR shift on the performance of professional NBA athletes.

Data was analyzed from 25,016 regular games across 21 consecutive seasons between 2000 to 2021. Information included the date, location, game result and home or away team. Time zones of the cities where all games were played were identified to calculate the CR phase shifts of the teams.

The expert team say teams in the Pacific time zone may have an advantage in regular season home games such as the Los Angeles Lakers, Portland Trail Blazers, and Seattle Supersonics.

Anaerobic performance could explain why home teams who travel from east to west do better, say the authors. This type of activity which is crucial for scoring, defending and other feats peaks later in the day.

The authors add that the body clock adapts more easily to a long rather than a short day. The day becomes longer traveling east to west and a natural circadian rhythm is slightly longer than 24 hours. So this means basketball players are traveling in the direction their bodies want to go.

As for away teams, the authors say that travel fatigue is more likely to blame for poor performance than phase shifts in CR.

Players who have rest time between games or have not traveled across time zones for an away match are more able to synchronize their body with the local time. As such, they are not as tired and play better.

A limitation of this research is that the traveling schedules of the teams are not known. Since this information was not available, it was not possible to determine how long the teams stayed in which city/time zone; how much they adapted to the local UTC; and what extent they were exposed to a CR phase shift with real data. Therefore, the team used a predictive model for the traveling plans and CR adaptations of the teams by following the rules determined by previous research.

Another limitation is that the games were not separated according to teams' ability differences.
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Astronomers share climate-friendly meeting solutions | ScienceDaily
Carbon emissions associated with air travel to professional conferences make up a sizable fraction of the emissions produced by researchers in academia. Andrea Gokus, a McDonnell Center postdoctoral fellow in the Department of Physics in Arts & Sciences at Washington University in St. Louis, is advocating for a reduction of these emissions.


						
In a paper published in PNAS Nexus, Gokus and collaborators estimated the CO2-equivalent emissions for conference travel to all 362 open meetings in the field of astronomy in 2019.

The total is an estimated 42,500 tons, or about 1 ton per participant per meeting. But it doesn't have to be that way.

"Networking and discussing new scientific developments at meetings is important for advancing the field, but adjustments can be made to reduce their hefty carbon cost," Gokus said.

Via virtual meetings, the CO2-equivalent emissions due to travel can almost completely be eliminated. But such virtual offerings are often not regarded as efficient networking opportunities. Meeting organizers should consider preferentially locating conferences as close as possible to the majority of as many participants as possible, Gokus said, avoiding scenarios in which most are flying intercontinentally.

"My co-authors and I are all members of the grass-roots organization Astronomers for Planet Earth, or A4E," said Gokus, who first became interested in sustainable astronomy during the annual meeting of the European Astronomical Society in 2020, which took place virtually due to the pandemic. "There are several other papers covering the emissions from particular meetings, including some recurring ones. But our paper is the first systematic study of all open meetings in an entire field."

In addition to pure virtual meetings, Gokus and her co-authors propose hybrid formats and meetings held at a small number of physical hubs, which can then be virtually linked.




This approach has the potential to reduce long-haul (i.e., intercontinental) travel in particular, which contributes the majority of emissions. If intercontinental travel is unavoidable, the study authors suggest maximizing the time spent at the travel destination: by visiting the institutes of collaborators in the country, for example, and by choosing train or bus connections during such visits.

These choices not only make astronomy meetings greener, but they also can make astronomy more inclusive as a discipline, Gokus said. The researchers' findings and suggestions could be applied to other academic disciplines as well.

Traveling to meetings is often more challenging for those from less-wealthy institutes; those farther from North American and European hubs; people who have to manage complex visa bureaucracies; researchers with disabilities; and those with caretaking responsibilities, she explained.

In her own space sciences research at WashU, Gokus focuses on the high-energy emission of active galactic nuclei, in particular blazars. She is interested in the processes occurring in their jets and studies their flux and spectral variability using instruments that cover the entire electromagnetic spectrum.

"What is great about making meetings more sustainable is that it can easily go hand in hand with making astronomy more inclusive as well," Gokus said. "By making use of technology to connect virtually, we can foster a more inclusive collaborative approach, which can help us advance our understanding of the universe further. It is important that we work together as a community to achieve this goal, because there is no Planet B."
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Is it time to retire the best-before date? | ScienceDaily
The inventors of a suite of tests that enable food packages to signal if their contents are contaminated are working to bring producers and regulators together to get their inventions into commercial products, with the goal of preventing illness and reducing food waste.


						
Though the tests would cost just a few cents per package, food producers are reluctant to add costs that consumers will ultimately have to bear, say the McMaster researchers behind an article published today in the journal Nature Reviews Bioengineering.

A system based on smart packaging, the researchers say, would save producers from reputational and practical costs associated with outbreaks, dramatically reduce food waste and reduce health-care and lost-time costs associated with outbreaks. In all, the paper says, society would save hundreds of billions of dollars globally each year, more than justifying the cost of adding the technology to food packaging.

"On the one hand, people want to have safe food to eat. On the other, they don't want to pay more for their food, because prices are high already and seem only to be climbing higher," says the paper's corresponding author Tohid Didar, a biomedical engineer and entrepreneur. "We are eager to make people aware of the challenges that exist, and start a conversation between researchers, policy makers, corporations and consumers work together to come up with solutions for such challenges."

The researchers write that public agencies recognize the value of the new technology, and though they'd like to put it into play, they also know that introducing it would require sweeping changes to food regulations and packaging practices -- changes that may face resistance.

It's a challenge the researchers recognize, but with so much potential benefit at stake, they say everyone will ultimately win once the technology comes into broad use.

The current practice of marking fresh foods with a "best before" or "consume by" date is arbitrary and far too conservative, the researchers say, often causing perfectly safe food to be wasted, which imposes huge costs that producers and consumers are already paying for, whether directly or indirectly.




Canada wastes $40 billion worth of food every year -- more per capita than the US or UK, Didar says.

Discarding food unnecessarily also has significant social, economic and environmental costs, given concerns over scarcity and access to food, and the ecological impacts of throwing away unused food and packaging.

Since 2018, the group of McMaster engineers and biochemists behind the paper has invented and proven the viability of several packaging-based methods for detecting or halting spoilage, including:
    	Sentinel Wrap: plastic wrapping that can detect and visibly signal when contents such as meat, cheese or produce has gone bad
    	a hand-held test that produces real-time results that allow wholesalers and retailers using special readers to detect, isolate and withdraw specific lots of spoiled goods before they can be sold, avoiding huge recalls that affect entire categories of food
    	Lab-on-a-package: a tiny, self-activating test incorporated into a tray of chicken, fish or meat, for example, which produces a visible signal when a product has gone bad
    	a sprayable, food-safe gel composed of beneficial, organic bacteriophages, which eliminates harmful bacteria that cause food contamination.

The monitoring technologies are made to read biochemical signals from common culprits in spoilage, such as Listeria, Salmonella and E coli, using readily adaptable platforms, but getting them into the marketplace has been challenging.

"It's one thing to do research in the lab, publish papers and file patents, but it's another to have a product that's tangible -- that people can use," says the paper's lead author Shadman Khan, a PhD candidate and Vanier Scholar in Didar's lab. "We are building a collaborative network with government regulators and industrial partners. That is allowing us to see the big-picture issues and adapt to what we learn will and won't work."

The authors, who also include faculty members Yingfu Li, Zeinab Hosseinidoust and Carlos Filipe, have been working with producers in North America and Europe and government regulators including the Canadian Food Inspection Agency.

Changing the calendar-based food freshness and safety system to a detection-based system will be a huge effort, but in their paper, the inventors say it's past time to bring the technology up to date.
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Missing link in species conservation: Pharmacists, chemists could turn tide on plant, animal extinction | ScienceDaily
As the world faces the loss of a staggering number of species of animals and plants to endangerment and extinction, one University of Michigan scientist has an urgent message: Chemists and pharmacists should be key players in species conservation efforts.


						
"Medicinal chemistry expertise is desperately needed on the frontlines of extinction," said Timothy Cernak, assistant professor of medicinal chemistry at the U-M College of Pharmacy. "Animals are dying at staggering rates, but they don't have to. Modern bioscience has achieved enormous breakthroughs in treating disease in humans, and the same medications, and the science behind them, can be applied in the wild."

Local and global efforts to reduce environmental damage are underway, but they are too slow to save the many ailing populations in the wild, he said.

"We are in the middle of a mass extinction. We are chasing mass die-offs around the world. Lowland gorillas, Argentinian penguins, the akikiki bird in Hawaii, loggerhead turtles in Florida. The list goes on, and many precious plants are also hanging by a thread," he said. "So it's critical to bring the power of modern pharmaceuticals and the dosing expertise of medicinal chemistry into conservation efforts."

Cernak and a team of young scientists, including a local high school student, make the case for establishing and nurturing the emerging field of conservation medicine in a research article published this week in the Journal of Medicinal Chemistry.

"It's hard-core science. It's bringing the lens of medicinal chemistry and modern pharmaceuticals into the conversation to save other species," Cernak said. "Drivers of the current mass extinction include habitat loss, global warming and overharvesting, but one specific root cause -- wildlife disease -- seems ripe for intervention. Medicinal chemistry is that intervention."

Cernak, in one of many roles and research projects, receives samples of dead and ailing species from around the world. Using the same methods and models used to find compounds that work against human disease, his lab at U-M, which recently brought a veterinarian on board, tests chemical compounds on samples to see which ones respond to disease-causing organisms. A major focus is fungus, the single-largest killer of amphibians.




In their paper, the authors propose a new role for chemistry and pharmacy on the frontlines of preventing extinction: "A long-term solution to mass extinction is to fix climate change and habitat loss using new technologies and new policies. As a bandage for the short term, chemistry in service of endangered species is needed.

"Medicinal chemists interested in preventing extinction are encouraged to talk to zookeepers, foresters, veterinarians, entomologists, wildlife rehabilitators and conservationists to learn about the challenges and solutions where conservation medicine could make an impact, and to share their wisdom from the frontlines of drug discovery."

Cernak is pushing for a new, impactful field of science.

"At the higher level, my mission is to have pharmaceutical companies be involved in this space and young scientists view this as the field they want to go into -- a field that doesn't really exist at this point," he said. "A more immediate goal is fundraising and more research as the field and the value of the field is established."

From deadly fungus decimating Panamanian golden frogs, cancerous tumors killing loggerhead turtles and the numerous pests and illnesses sickening plants such as the hemlock tree, there is no shortage of challenges for conservation medicine to tackle.

One of those challenges may be preventing a disease from threatening public health.




"In January, 96% of sea lion pups in Argentina died in January from avian flu. If it reaches humans, what are we going to do?" Cernak said. "There may be just five akikiki songbirds left in the wild. They are dying from malaria and pox, diseases that can be treated in humans."

Studying wildlife diseases could also provide critical insights to medicinal chemists focused on human health, he said, and possibly a new paradigm where drug development and dosing prediction models, which are currently trained heavily on pharmacokinetics in rodents, could be diversified.

"The problem is that too often, conservationists who are trying desperately to treat and save dwindling populations aren't equipped with the latest pharmaceutical science and tools," he said. "Given current knowledge gaps, they may not know which drug will work best or what the right dosage might be for an endangered species."

Bringing chemists and pharmacists into the conservation fold isn't meant to diminish veterinarians and conservation groups, but to blend their experience and expertise and achieve the same goals of saving lives -- and the ecosystem, Cernak said.

"Modern medicine could prevent the extinction of endangered species. Wildlife disease is a major driver of the current mass extinction yet therapeutic intervention in nonhuman species remains poorly understood," he said. "In zoos, botanical gardens and animal rehabilitation centers, many diseases are treatable, but the understanding of medicine for endangered species lags far behind our current understanding of human medicine."

At this moment, Cernak's lab is not only researching faster, safer pharmaceutical development for humans but also testing the Panamanian golden frogs afflicted with a fungus that threatens their existence.

Cernak supports the Centers for Disease Control and Prevention's concept of One Health, which recognizes the connection between the health of people, animals and the environment.

"We look at plants and animals the same," he said. "The concept of One Health Pharmacy -- plants, humans and animals -- is we treat any that are sick or in need."

Cernak's lab has advanced the use of artificial intelligence and other technology in speeding up the process of drug discovery. He said that only increases the opportunities to help animals and plants sooner than later.

"Streamlining drug and agrochemical discovery with automation and artificial intelligence is likely to usher in a future era of accelerated medicinal invention tailored to specific patient populations," Cernak and team wrote in their paper.

"While it may still be decades away, one can imagine a future where it is possible to feed a chatbot prompts like, 'Invent a single-dose antiviral for elephant endotheliotropic herpesvirus with optimal pharmacokinetic properties for Asian elephants.' Exciting applications of medicinal chemistry on threatened and endangered species are beginning to offer hope."

Cernak's co-authors include: Tesko Chaganti, a student at Canton High School, Canton, Michigan; Chun-Yi Tsai, a graduate student in U-M's Department of Chemistry; Yu-Pu Juang, a postdoctoral researcher in the Cernak Lab; and Mohamed Abdelalim, a visiting research investigator at U-M.
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Big data reveals true climate impact of worldwide air travel | ScienceDaily
For the first time ever, researchers have harnessed the power of big data to calculate the per-country greenhouse gas emissions from aviation for 197 countries covered by an international treaty on climate change.


						
When countries signed the 1992 United Nations Framework Convention on Climate Change treaty, high-income countries were required to report their aviation-related emissions. But 151 middle and lower income countries, including China and India, were not required to report these emissions, although they could do so voluntarily.

This matters because the United Nations Framework Convention on Climate Change relies on country reports of emissions during negotiations on country-specific emissions cuts.

"Our work fills the reporting gaps, so that this can inform policy and hopefully improve future negotiations," says Jan Klenner, a PhD candidate at NTNU's Industrial Ecology Programme and the first author of the new article, which was recently published in Environmental Research Letters.

The new data show that countries such as China, for example, which did not report its 2019 aviation-related emissions, was second only to the United States when it came to total aviation-related emissions.

"Now we have a much clearer picture of aviation emissions per country, including previously unreported emissions, which tells you something about how we can go about reducing them," said Helene Muri, a research professor at the Norwegian University of Science and Technology's Industrial Ecology Programme. Muri was one of Klenner's supervisors and a co-author of the paper.

Big surprises -- or not

As might be expected, the United States is at the top of the list of emitters when it comes to the total sum of aviation emissions for both international and domestic flights.




"When we looked at how emissions are distributed per capita, we could see that economic well-being leads to more aviation activity," Klenner said.

That analysis also showed that wealthy Norway, with just 5.5 million people, was third place overall, just behind the US and Australia, when domestic emissions were calculated on a per-capita basis.

Klenner tested the model he developed for this analysis by using data from Norway. He published a paper reporting those results in 2022.

You might think that Norway's geography -- a long, narrow country with lots of mountains and a sparsely populated northern area -- would be the culprit behind the numbers. But Klenner's 2022 analysis showed that fully 50 per cent of Norway's domestic flights were between the country's major cities, Oslo, Trondheim, Stavanger, Bergen and Tromso.

"The per person emissions in Norway were incredibly high," Muri, who also co-authored that paper, said. "With this data set we can confirm that from a Norwegian perspective we have a lot of work to do, because we are third in the world when it comes to emissions per person from domestic emissions."

A role for big data

Anders Hammer Stromman, a professor at NTNU's Industrial Ecology Programme and Klenner's co-supervisor, said one important aspect of the study is that it shows how big data can be used to help in regulating climate emissions. Stromman was also a co-author of the new paper.




"I think it very nicely illustrates the potential in this type of work, where we have previously relied on statistical offices and reporting loops that can take a year or more to get this kind of information," he said. "This model allows us to do instant emissions modeling -- we can calculate the emissions from global aviation as it happens."

The model, called AviTeam, is the first to provide information for the 45 lesser-developed countries that have never inventoried their greenhouse gas emissions from aviation. Stromman says the model provides these countries with information that might be otherwise difficult or impossible for them to collect.

The abillity to calculate nearly real-time aviation emissions could also provide an important tool as the industry makes changes to de-carbonize.

"In the transition where we're talking about the introduction of new fuels and new technologies, this type of big data allows us to identify those types of corridors or operations where it makes sense to test those strategies first," Stromman said.
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Machine listening: Making speech recognition systems more inclusive | ScienceDaily
Interactions with voice technology, such as Amazon's Alexa, Apple's Siri, and Google Assistant, can make life easier by increasing efficiency and productivity. However, errors in generating and understanding speech during interactions are common. When using these devices, speakers often style-shift their speech from their normal patterns into a louder and slower register, called technology-directed speech.


						
Research on technology-directed speech typically focuses on mainstream varieties of U.S. English without considering speaker groups that are more consistently misunderstood by technology. In JASA Express Letters, published on behalf of the Acoustical Society of America by AIP Publishing, researchers from Google Research, the University of California, Davis, and Stanford University wanted to address this gap.

One group commonly misunderstood by voice technology are individuals who speak African American English, or AAE. Since the rate of automatic speech recognition errors can be higher for AAE speakers, downstream effects of linguistic discrimination in technology may result.

"Across all automatic speech recognition systems, four out of every ten words spoken by Black men were being transcribed incorrectly," said co-author Zion Mengesha. "This affects fairness for African American English speakers in every institution using voice technology, including health care and employment."

"We saw an opportunity to better understand this problem by talking to Black users and understanding their emotional, behavioral, and linguistic responses when engaging with voice technology," said co-author Courtney Heldreth.

The team designed an experiment to test how AAE speakers adapt their speech when imagining talking to a voice assistant, compared to talking to a friend, family member, or stranger. The study tested familiar human, unfamiliar human, and voice assistant-directed speech conditions by comparing speech rate and pitch variation. Study participants included 19 adults identifying as Black or African American who had experienced issues with voice technology. Each participant asked a series of questions to a voice assistant. The same questions were repeated as if speaking to a familiar person and, again, to a stranger. Each question was recorded for a total of 153 recordings.

Analysis of the recordings showed that the speakers exhibited two consistent adjustments when they were talking to voice technology compared to talking to another person: a slower rate of speech with less pitch variation (more monotone speech).

"These findings suggest that people have mental models of how to talk to technology," said co-author Michelle Cohn. "A set 'mode' that they engage to be better understood, in light of disparities in speech recognition systems."

There are other groups misunderstood by voice technology, such as second-language speakers. The researchers hope to expand the language varieties explored in human-computer interaction experiments and address barriers in technology so that it can support everyone who wants to use it.
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Innovation promises to prevent power pole-top fires | ScienceDaily
Engineers in Australia have found a new way to make power-pole insulators resistant to fire and electrical sparking, promising to prevent dangerous pole-top fires and reduce blackouts.


						
Pole-top fires pose significant challenges to power providers and communities worldwide. In March, pole-top fires cut power from 40,000 homes and businesses in Perth.

The 2020 Royal Commission into National Natural Disaster Arrangements found that power outages experienced by 280,000 customers from various energy providers during Black Summer fires were mainly triggered by events involving insulators and poles.

RMIT University Vice-Chancellor's Postdoctoral Fellow Dr Tariq Nazir said these fires can occur when consecutive hot, dry and windy days are followed by damp and misty conditions.

"Dust and pollution builds up on power-line insulators, which enables electricity to spark and heat metal fixtures that can cause wooden power poles to catch fire," he said.

In collaboration with researchers at the University of New South Wales, Nazir has improved the performance and safety of insulation materials for power poles at the lab scale. Their results and analysis are published in the high-impact international journal Advanced Composites and Hybrid Materials.

"Power utilities wash insulators on overhead power lines as a vital maintenance procedure to prevent problems like contamination and electrical sparking, which can cause pole-top fires and power outages," said Nazir from RMIT's School of Engineering.




"Our proposed silicone rubber composite material offers a potential solution that could save power companies time, maintenance resources and ultimately money from prevent damage to their assets."

The composite material comprises chopped fiberglass, aluminium hydroxide and a type of clay derived from volcanic ash as additives.

"Our innovation could serve as a protective coating or paint for ceramic and glass insulators, providing extra defence against environmental factors such as moisture, pollution and fire," Nazir said.

"We are keen to engage with fire-retardant coating manufacturers, electrical utilities, electrical insulation designers, manufacturers of electrical insulation products and regulatory agencies to further develop and prototype this work."

How is this innovation different?

Nazir said their research's novelty was in exploring the flame retardancy of insulator materials.




"Others are working mainly in electrical discharge resistance of material," he said.

"I am trying to achieve both sides, whilst maintaining the required electrical insulation level of composites."

Next steps

With the help of prospective partners, the team will aim to transition to larger-scale production processes for commercial applications and conduct more comprehensive durability testing under simulated outdoor conditions.

"Application-specific testing will assess suitability for various scenarios, and integration with existing systems will be explored," Nazir said.

Nazir and his colleagues are behind another fire-protection innovation co-developed with the company Flame Security International -- a fire-retardant paint that is already commercially available in Australia.
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E-bike incentives prove to be worth the investment | ScienceDaily
Electric bicycle rebates have exploded in popularity in North America as transportation planners try to get people out of their cars and into healthier, more climate-friendly alternatives. However, there is limited understanding of the full impacts of these incentives.


						
Are new cycling habits sustainable? Who benefits most from these incentives? And are they worth the cost?

Researchers at UBC's Research on Active Transportation (REACT) Lab have some answers. They surveyed participants in an e-bike incentive program offered by the District of Saanich, B.C. and found that most new e-bike users continued to regularly use their bikes as a substitute for car travel, even a year after purchase. Low-income households reduced their car trips and decreased carbon emissions the most. And incentives are a cost-effective way of reducing carbon emissions.

Reduced car travel

The Saanich program, available in 2021 and 2022, offered three different rebates to offset the cost of new e-bikes, depending on one's income. The basic rebate amounted to $350, while the lowest-income households could receive up to $1,600.

Results showed a significant surge in e-bike adoption, with 93 per cent of users being new to e-bikes, and 60 per cent new to cycling altogether.

One year after purchase, users continued to be satisfied with their e-bikes, integrating them into their routines for three to four days a week. They reduced weekly car travel by an average of 48 kilometres per week, a reduction of 30-40 per cent.




"The incentive not only encouraged people to switch to e-bikes, it also resulted in remarkable changes in travel behaviour that persisted long after the purchase," said Dr. Alex Bigazzi, principal investigator and associate professor of civil engineering at UBC who leads REACT.

The incentives had the greatest impact on lower-income groups. Among those who received the $1,600 incentive, eight out of 10 would not have purchased an e-bike without it, compared to just two out of 10 who received the $350 incentive.

Lower carbon emissions

With less driving, users reduced their travel-related greenhouse gas (GHG) emissions by an average of 16 kilograms of CO2 per week, one year after buying their e-bikes. Notably, those who received the biggest incentives reduced car use and carbon emissions the most.

"The larger incentives aimed at lower-income families did a great job getting new riders in the saddle and gave them a lower-cost alternative to using their cars," Dr. Bigazzi said.

More cost-effective than EV rebates

A common criticism of e-bike incentives is their high cost relative to their climate benefits, but the Saanich program was competitive with other transportation subsidies in Canada at a cost of approximately $190 to $720 per tonne of GHG emissions.

"This suggests that e-bike incentives are more cost-effective in reducing emissions compared to electric car incentives, and that's without including a range of cycling-related benefits such as increased physical activity, reduced local air pollutants and decreased travel costs," Dr. Bigazzi said.

The REACT Lab has partnered with the Province of B.C. and other researchers to study the provincewide e-bike incentive program. The broader scope will allow researchers to look at factors including variations in climate and terrain and the availability of safe cycling routes, to better understand their influences.
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Study finds school entry requirements linked to increased HPV vaccination rates | ScienceDaily
A new study from researchers at Wake Forest University School of Medicine shows that school entry requirements are linked to an increase in human papillomavirus (HPV) vaccinations.


						
The findings appear online in Pediatrics.

HPV is a common sexually transmitted infection, which can cause health problems such as genital warts and certain cancers. To prevent infection, the Centers for Disease Control and Prevention (CDC) recommend that 11- to 12-year-olds receive two doses of the HPV vaccine, given 6 to 12 months apart. However, CDC data from 2022 shows that only 50% of 13-year-olds were up to date on HPV vaccinations.

School-entry requirements, where parents/guardians are required to vaccinate their children against HPV or receive an exemption before beginning a particular grade, are currently only found in Hawaii, Puerto Rico, Rhode Island, Virginia and Washington, D.C.

"There are a variety of state and federal policies designed to address low HPV vaccination rates among adolescents, but there has been little research to determine which policies are most effective," said Brigid Grabert, Ph.D., J.D., assistant professor of implementation science at Wake Forest University School of Medicine and senior author of the study.

In collaboration with researchers at the University of North Carolina at Chapel Hill and Duke University, Grabert and team systematically reviewed studies from 2009-2022 assessing the association between policies and HPV vaccination coverage among U.S. adolescents. The team identified 36 eligible studies and summarized findings based on policy type such as school-entry requirements, federally funded policies and educational requirements, which require schools or other organizations to distribute information about the benefits of HPV vaccination.

"We found consistent evidence that school-entry requirements work in places that require parents who don't vaccinate to submit an exemption," Grabert said. "We also found that school-entry requirements for other vaccines resulted in positive spillover effects for HPV vaccinations."

Grabert said that federally funded policies related to the Vaccines for Children program and Medicaid were also consistently associated with an increase in HPV vaccinations. However, few studies noted an association between educational requirements and HPV vaccination coverage.

"Policymakers should be aware that HPV-related cancers and disease can be reduced," Grabert said. "But not all policies are effective. Policymakers should carefully consider the best strategy to increase the administration of HPV vaccines."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240429165830.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Intervention based on science of reading, math boosts comprehension, word problem-solving skills | ScienceDaily
New research from the University of Kansas has found an intervention based on the science of reading and math effectively helped English learners boost their comprehension, visualize and synthesize information, and make connections that significantly improved their math performance.


						
The intervention, performed for 30 minutes twice a week for 10 weeks with 66 third-grade English language learners who displayed math learning difficulties, improved students' performance when compared to students who received general instruction. That indicates emphasizing cognitive concepts involved in the science of reading and math are key to helping students improve, according to researchers.

"Word problem-solving is influenced by both the science of reading and the science of math. Key components include number sense, decoding, language comprehension and working memory. Utilizing direct and explicit teaching methods enhances understanding and enables students to effectively connect these skills to solve math problems. This integrated approach ensures that students are equipped with necessary tools to navigate both the linguistic and numerical demands of word problems," said Michael Orosco, professor of educational psychology at KU and lead author of the study.

The intervention incorporates comprehension strategy instruction in both reading and math, focusing and decoding, phonological awareness, vocabulary development, inferential thinking, contextualized learning and numeracy.

"It is proving to be one of the most effective evidence-based practices available for this growing population," Orosco said.

The study, co-written with Deborah Reed of the University of Tennessee, was published in the journal Learning Disabilities Research and Practice.

For the research, trained tutors developed the intervention, developed by Orosco and colleagues based on cognitive and culturally responsive research conducted over a span of 20 years. One example of an intervention session tested in the study included a script in which a tutor examined a word problem that explained a person made a quesadilla for his friend Mario, giving him one-fourth of it, then needed to students to determine how much remained.




The tutor first asked students if they remembered a class session in which they made quesadillas, what shape they were and demonstrated concepts by drawing a circle on the board, dividing it into four equal pieces, having students repeat terms like numerator and denominator, and explaining that when a question asks how much is left, subtraction is required. The students also collaborated with peers to practice using important vocabulary in sentences. The approach both helps students learn and understand mathematical concepts while being culturally responsive.

"Word problems are complex because they require translating words into mathematical equations, and this involves integrating the science of reading and math through language concepts and differentiated instruction," Orosco said. "We have not extensively tested these approaches with this group of children. However, we are establishing an evidence-based framework that aids them in developing background knowledge and connecting it to their cultural contexts."

Orosco, director of KU's Center for Culturally Responsive Educational Neuroscience, emphasized the critical role of language in word problems, highlighting the importance of using culturally familiar terms. For instance, substituting "pastry" for "quesadilla" could significantly affect comprehension for students from diverse backgrounds. Failure to grasp the initial scenario can impede subsequent problem-solving efforts.

The study proved effective in improving students' problem-solving abilities, despite covariates including an individual's basic calculation skills, fluid intelligence and reading comprehension scores. That finding is key as, while ideally all students would begin on equal footing and there were little variations in a classroom, in reality, covariates exist and are commonplace.

The study had trained tutors deliver the intervention, and its effectiveness should be further tested with working teachers, the authors wrote. Orosco said professional development to help teachers gain the skills is necessary, and it is vital for teacher preparation programs to train future teachers with such skills as well. And helping students at the elementary level is necessary to help ensure success in future higher-level math classes such as algebra.

The research builds on Orosco and colleagues' work in understanding and improving math instruction for English learners. Future work will continue to examine the role of cognitive functions such as working memory and brain science, as well as potential integration of artificial intelligence in teaching math.

"Comprehension strategy instruction helps students make connections, ask questions, visualize, synthesize and monitor their thinking about word problems," Orosco and Reed wrote. "Finally, applying comprehension strategy instruction supports ELs in integrating their reading, language and math cognition... Focusing on relevant language in word problems and providing collaborative support significantly improved students' solution accuracy."
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Energy trades could help resolve Nile conflict | ScienceDaily
Scientists have shed light on a new, transformative approach that could help resolve a dispute over the Nile river's water resources.


						
The Nile is one of the longest rivers globally and spreads over 11 countries in East Africa, supplying water, energy production, environmental quality and cultural wealth. However, the use of Nile resources has been a long-standing source of tension, often overshadowing opportunities for cooperation and mutual benefit.

But as the demand for energy, water, and food in Africa is steadily increasing, the study, led by The University of Manchester in collaboration with regional organisations, offers a glimmer of hope at a resolution.

The research, published in the journal Nature Water, moves away from traditional water-centric agreements, and presents a detailed simulation of the combined energy-water system to reveal how different scenarios of international energy trades could help alleviate the Nile water conflict.

First author Dr Mikiyas Etichia from The University of Manchester, said: "Traditionally, water disputes in transboundary river basins like the Nile have been approached through a water-centric viewpoint. However, sharing benefits of water resources, such as hydro-generated electricity, crops and fisheries can result in a win-win situation."

Co-author Dr Mohammed Basheer, Assistant Professor at the University of Toronto, added: "In the Nile Basin, energy-river basin benefit-sharing projects have been implemented in the past at a small scale, but detailed tools like the one presented in the paper can help create actionable large-scale proposals."

At the heart of the dispute lies the Grand Ethiopian Renaissance Dam (GERD) -- a large dam on the Blue Nile River in Ethiopia constructed to improve Ethiopia's electricity access and to export electricity to neighbouring countries. The project sparked tensions between Ethiopia, Sudan and Egypt over water rights and access.




The simulator, designed by the scientists using open-source technology, covers 13 East African countries, including those within the Nile Basin, to model potential energy trade agreements between Ethiopia, Sudan, and Egypt.

By increasing electricity trade, countries can simultaneously address water deficits, boost hydropower generation, reduce energy curtailment, and cut greenhouse gas emissions.

Corresponding author Professor Julien Harou from The University of Manchester, said: "The energy trades tested in this study provide the countries a range of solutions that are likely in their national interest.

"The study highlights the value of detailed multisector simulation to unpick the complex interdependencies of large multi-country resource systems. Implementation of the arrangements proposed here would need to be further assessed from governance and legal perspectives to become viable proposals. If successful, they could contribute to sustainable resource management and regional stability.

"We are hopeful the new analytical tools or their results will be taken up by the negotiating parties."
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How geography acts as a structural determinant of health | ScienceDaily
In unincorporated communities in the United States-Mexico borderlands, historically and socially marginalized populations become invisible to the healthcare system, showing that geography acts as a structural determinant of health for low-income populations. So concludes a study by a University of California, Riverside, team that focused its attention on the borderland in Southern California, specifically, eastern Coachella Valley.


						
From September to December 2020, the team, led by Ann Cheney, an associate professor of social medicine, population, and public health in the School of Medicine, conducted interviews in collaboration with Maria Pozar, a community investigator and CEO of Conchita Servicios de la Comunidad, with 36 Latinx and Indigenous Mexican caregivers of children with asthma or respiratory distress. The researchers found communities in the "colonias" (unincorporated areas in the borderlands) lack basic critical infrastructure including healthcare access.

The U.S.-Mexico borderland is home to nearly 2.7 million Hispanic or Latinx individuals. The immigrant population in the colonias has limited English proficiency, health literacy levels, and income, and lower levels of formal education. Many are undocumented.

"Our work shows the importance of geography in health and how geography acts as a structural determinant of health," Cheney said. "For example, foreign-born caregivers who speak Spanish or Purepecha prefer to take their children across the U.S.-Mexico border for respiratory health care because physicians there provide them with a diagnosis and treatment plan that they perceive improves their children's health."

The study, published in the journal Social Science & Medicine, found the caregivers perceive U.S.-based physicians as not providing them with sufficient information since most physicians do not speak their language and do not adequately listen to or are dismissive of their concerns about their children's respiratory health. The caregivers perceive Mexican-based physicians as providing them with a diagnosis and treatment plan, whereas U.S.-based physicians often prescribe medications and provide no concrete diagnosis.

"Further, only those with legal documentation status can cross the border, which contributes to disparities in children's respiratory health," Cheney said. "Thus, caregivers without legal status in the U.S. must access healthcare services in the U.S. for their children and receive, what these caregivers perceive, as suboptimal care."

Cheney added she was surprised to learn that caregivers who did not have legal documentation status in the U.S. asked trusted family and friends to take their children across the border to receive healthcare services for childhood asthma and related conditions.




"Geography, meaning living in unincorporated communities, harms health," she said. "Geography and the politics of place determines who can and cannot cross borders."

Study participants discussed the distance they needed to travel to pediatric specialty care for the care and management of their children's respiratory health problems. Some commented on the lack of interaction and communication with physicians during medical visits. Some participants commented on the lack of physicians' knowledge about the connections between their children's exposure to environmental hazards and poor respiratory health and allergic symptoms.

The research took place in four unincorporated rural communities -- Mecca, Oasis, Thermal, and North Shore -- in eastern Coachella Valley, along the northern section of the Salton Sea. People living in the colonias here are subject to the health effects of environmental hazards. Many are farmworkers living and working in the nearby agricultural fields. Most of the workforce lives in mobile parks and below the federal poverty line.

"In addition to toxic water and dust from the Salton Sea, other environmental health hazards, such as agriculture pesticide exposure, waste processing facilities, and unauthorized waste dumps, also contribute to this community's high incidence of poor respiratory health," said Gabriela Ortiz, the first author of the research paper and a graduate student in anthropology who works with Cheney. "These communities are vulnerable to the policies and governing decisions around exposure to environmental hazards and infrastructure development. The absence of infrastructure and lack of healthcare infrastructure limits their access to primary care and specialty care services."

Ortiz explained that anthropologists and social scientists have long argued that environmental injustices are a product of structural violence.

"This is indirect violence caused by social structures and institutions that prevent individuals from meeting their basic needs because of political economic domination and class-based exploitation," she said. "Understanding the complex interplay between geography, borderlands, and health is essential for coming up with effective public health policy and interventions."

The title of the research paper is "Seeking care across the US-Mexico border: The experiences of Latinx and Indigenous Mexican caregivers of children with asthma or respiratory distress."

Cheney, Ortiz, and Pozar were joined in the study by Ashley Moran and Sophia Rodriquez of UCR.

The study was funded by the National Institutes of Health/National Institute of Minority Health and Health Disparities.
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Component of keto diet plus immunotherapy may reduce prostate cancer | ScienceDaily
Adding a pre-ketone supplement -- a component of a high-fat, low-carb ketogenic diet -- to a type of cancer therapy in a laboratory setting was highly effective for treating prostate cancer, researchers from the University of Notre Dame found.


						
Recently published online in the journal Cancer Research, the study from Xin Lu, the John M. and Mary Jo Boler Collegiate Associate Professor in the Department of Biological Sciences, and collaborators tackled a problem oncologists have battled: Prostate cancer is resistant to a type of immunotherapy called immune checkpoint blockade (ICB) therapy. ICB therapy blocks certain proteins from binding with other proteins and paves the way for our body's fighter cells, T cells, to kill the cancer.

"Prostate cancer is the most common cancer for American men, and immunotherapy has been really influential in some other cancers, like melanoma or lung cancer, but it hasn't been working almost at all for prostate cancer," said Lu, who is affiliated with the Boler-Parseghian Center for Rare and Neglected Diseases. Adding a dietary supplement might overcome this resistance, the lead author in the study, Sean Murphy, suggested.

Murphy, a '24 alumnus who was a doctoral student in Lu's lab, had been following a keto diet himself. Knowing that cancer cells feed off of sugar, he decided that depriving mouse models of carbohydrates -- a key component of the keto diet -- might prevent cancer growth.

He divided the models into different groups: immunotherapy alone, ketogenic diet alone, a pre-ketone supplement alone, the ketogenic diet with the immunotherapy, the supplement with the immunotherapy, and the control. While the immunotherapy alone had almost no effect on the tumors (just like what happens to most patients with prostate cancer), both the ketogenic diet with the immunotherapy and the pre-ketone supplement with the immunotherapy reduced the cancer and extended the lives of the mouse models.

The supplement with the immunotherapy worked best.

"It turned out this combination worked really well," Lu said. "It made the tumor become very sensitive to the immunotherapy, with 23 percent of the mice cured -- they were tumor-free; in the rest, the tumors were shrinking really dramatically."

The evidence points to the possibility that a supplement providing ketones, which are what is produced in the body when people eat a keto diet, might prevent the prostate cancer cells from being resistant to immunotherapy. This may lead to future clinical studies that examine how ketogenic diets or keto supplements could enhance cancer therapy.




While keto diets allow for minimal carbohydrates, the success of this study is not about the lack of carbohydrates, Murphy and Lu stressed. It is about the presence of the ketone body, a substance produced by the liver and used as an energy source when glucose is not available. The ketones disrupt the cycle of the cancer cells, allowing the T cells to do their job to destroy them.

The discovery was also exciting on a molecular level, Lu said. Any type of dietary study can suffer from the potential issue of causation: Are the results from the diet or other changes made because of the diet? But Lu and his collaborators confirmed their results using single-cell RNA sequencing, which examines the gene expression of single cells within the tumor.

"We found that this combination of the supplement and the immunotherapy reprogrammed the whole immune profile of the tumors and recruited many T cells into the tumors to kill prostate cancer cells," Lu said.

The successful therapy also reduced the number of a type of immune cell called neutrophils. Once in the tumor microenvironment, neutrophils' natural properties become greatly distorted, and they become largely responsible for inhibiting T cell activities and allowing more tumor progression. Dysregulation of neutrophils is also associated with many other diseases.

"With the main ketone body depleting neutrophils, it opens the door for investigating the effects of the keto diet and the ketone supplement on diseases ranging from inflammatory bowel disease to arthritis," Murphy said.

Lu agreed.

"What's exciting is that we're getting closer to the mechanism, backed up by genetic models and what we're seeing in the tumors themselves, of why this works," he said.
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Climate change could become the main driver of biodiversity decline by mid-century | ScienceDaily
Global biodiversity has declined between 2% and 11% during the 20th century due to land-use change alone, according to a large multi-model study published in Science. Projections show climate change could become the main driver of biodiversity decline by the mid-21st century.


						
The analysis was led by the German Centre for Integrative Biodiversity Research (iDiv) and the Martin Luther University Halle-Wittenberg (MLU) and is the largest modelling study of its kind to date. The researchers compared thirteen models for assessing the impact of land-use change and climate change on four distinct biodiversity metrics, as well as on nine ecosystem services.

GLOBAL BIODIVERSITY MAY HAVE DECLINED BY 2% TO 11% DUE TO LAND-USE CHANGE ALONE

Land-use change is considered the largest driver of biodiversity change, according to the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES). However, scientists are divided over how much biodiversity has changed in past decades. To better answer this question, the researchers modelled the impacts of land-use change on biodiversity over the 20th century. They found global biodiversity may have declined by 2% to 11% due to land-use change alone. This span covers a range of four biodiversity metrics1 calculated by seven different models.

"By including all world regions in our model, we were able to fill many blind spots and address criticism of other approaches working with fragmented and potentially biased data," says first author Prof Henrique Pereira, research group head at iDiv and MLU. "Every approach has its ups and downsides. We believe our modelling approach provides the most comprehensive estimate of biodiversity trends worldwide."

MIXED TRENDS FOR ECOSYSTEM SERVICES

Using another set of five models, the researchers also calculated the simultaneous impact of land-use change on so-called ecosystem services, i.e., the benefits nature provides to humans. In the past century, they found a massive increase in provisioning ecosystem services, like food and timber production. By contrast, regulating ecosystem services, like pollination, nitrogen retention, or carbon sequestration, moderately declined.




CLIMATE AND LAND-USE CHANGE COMBINED MIGHT LEAD TO BIODIVERSITY LOSS IN ALL WORLD REGIONS

The researchers also examined how biodiversity and ecosystem services might evolve in the future. For these projections, they added climate change as a growing driver of biodiversity change to their calculations.

Climate change stands to put additional strain on biodiversity and ecosystem services, according to the findings. While land-use change remains relevant, climate change could become the most important driver of biodiversity loss by mid-century. The researchers assessed three widely-used scenarios -- from a sustainable development to a high emissions scenario. For all scenarios, the impacts of land-use change and climate change combined result in biodiversity loss in all world regions.

While the overall downward trend is consistent, there are considerable variations across world regions, models, and scenarios.

PROJECTIONS ARE NOT PREDICTIONS

"The purpose of long-term scenarios is not to predict what will happen," says co-author Dr Ines Martins from the University of York. "Rather, it is to understand alternatives, and therefore avoid these trajectories, which might be least desirable, and select those that have positive outcomes. Trajectories depend on the policies we choose, and these decisions are made day by day." Martins co-led the model analyses and is an alumna of iDiv and MLU.




The authors also note that even the most sustainable scenario assessed does not deploy all the policies that could be put in place to protect biodiversity in the coming decades. For instance, bioenergy deployment, one key component of the sustainability scenario, can contribute to mitigating climate change, but can simultaneously reduce species habitats. In contrast, measures to increase the effectiveness and coverage of protected areas or large-scale rewilding were not explored in any of the scenarios

MODELS HELP IDENTIFY EFFECTIVE POLICIES

Assessing the impacts of concrete policies on biodiversity helps identify those policies most effective for safeguarding and promoting biodiversity and ecosystem services, according to the researchers. "There are modelling uncertainties, for sure," Pereira adds. "Still, our findings clearly show that current policies are insufficient to meet international biodiversity goals. We need renewed efforts to make progress against one of the world's largest problems, which is human-caused biodiversity change."

1global species richness, local species richness, mean species habitat extent, biodiversity intactness




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240425161518.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Voluntary corporate emissions targets not enough to create real climate action | ScienceDaily
Companies' emissions reduction targets should not be the sole measure of corporate climate ambition, according to a new perspective paper.


						
Relying on emissions can favour more established companies and hinder innovation, say the authors, who suggest updating regulations to improve corporate climate action.

The paper, published today in Science, is by an international team led by Utrecht University, which includes Imperial College London researchers.

Lead author of the study Dr Yann Robiou Du Pont, from the Copernicus Institute of Sustainable Development at Utrecht University, said: "Assessing the climate ambition of companies based only on their emissions reductions may not be meaningful for emerging companies working on green innovation."

Companies can set individual climate goals, typically commitments to reduce greenhouse gas emissions from their activities -- not unlike national governments. To indicate how ambitious these voluntary commitments are, businesses can get them validated as 'Paris-aligned' under the Science Based Targets initiative (SBTi), a collaboration that started in 2015.

This validation means SBTi considers their targets to be aligned to the Paris Agreement, which aims to limit global temperature increase to well below 2degC above preindustrial levels and pursue efforts to limit it to 1.5degC.

The new paper says this approach may inadvertently favour larger existing companies, stifling innovation and skewing the playing field against emerging competitors. This is because Paris-aligned targets for larger, established companies often assume that they can simply keep their current market share of emissions, leaving no capacity for emissions from the activities of emerging companies.




For example, a new solar panel manufacturer that needs to grow its emissions ten years from now while it scales up a new, highly efficient method of building those panels, may be squeezed out of the market because, in this model, their operation would mean overshooting the Paris-aligned climate goal.

Dr Robiou Du Pont said: "These voluntary corporate targets may have been useful to achieve some progress on emissions reduction in the largest companies. But our paper shows that this approach is not sufficient to guide the corporate sector and cannot be the sole basis for regulations assessing if businesses are Paris-compliant."

To level the playing field, the authors say corporate climate targets could be based on other factors than reductions in emissions, such as emissions intensity per unit of economic or physical output. These types of targets however are harder to align to Paris Agreement targets, as they don't cap absolute emissions.

The study also highlights that adopting a target doesn't necessarily cause a drop in actual emissions, as voluntary targets are just that. The authors point to evidence that corporations are already using these voluntary targets, often of questionable credibility, as justification for watering down or delaying mandatory regulations.

Co-author Professor Joeri Rogelj, from the Centre for Environmental Policy and Director of Research at the Grantham Institute at Imperial College London, said: "Companies setting their own individual targets risk complacency that we can't afford. The window to keep the planet to 1.5degC warming is rapidly closing, and even for keeping warming well below the upper Paris limit of 2degC we need concerted action to reduce greenhouse gas emissions now. Voluntary corporate emissions targets alone are not enough for rapid global decarbonization and certainly not a substitute for regulation."

The authors conclude that governments or intergovernmental organisations need to introduce legal frameworks based on a range of indicators that encourage best practices and innovation, as well as stringent requirements on transparency for any assessments.

The toolkit for building those frameworks exists, argue the authors, including carbon pricing, green subsidies and demand-side measures. Regulators should also consider the usefulness of the products that companies produce in the green transition, not only their emissions. Under a revised framework, the more efficient solar panel manufacturer would not have to constrain production, allowing for needed innovation with spillover effects in the future.

Co-author Professor Detlef van Vuuren, also from the Copernicus Institute of Sustainable Development at Utrecht University, said: "Our research underscores the urgent need for robust regulatory frameworks and transparent oversight to guide corporate climate action. Voluntary targets, while commendable, are not a substitute for mandatory regulations that ensure accountability and drive innovation across all sectors."
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Webb telescope probably didn't find life on an exoplanet -- yet
        Recent reports of NASA's James Webb Space Telescope finding signs of life on a distant planet understandably sparked excitement. A new study challenges this finding, but also outlines how the telescope might verify the presence of the life-produced gas.

      

      
        75,000-year-old female Neanderthal from cave where species buried their dead
        A new documentary has recreated the face of a 75,000-year-old female Neanderthal whose flattened skull was discovered and rebuilt from hundreds of bone fragments by a team of archaeologists and conservators.

      

      
        A 'cosmic glitch' in gravity
        Researchers have discovered a potential 'cosmic glitch' in the universe's gravity, explaining its strange behavior on a cosmic scale.

      

      
        Earth-like environment likely on ancient Mars
        A research team using the ChemCam instrument onboard NASA's Curiosity rover discovered higher-than-usual amounts of manganese in lakebed rocks within Gale Crater on Mars, which indicates that the sediments were formed in a river, delta, or near the shoreline of an ancient lake.

      

      
        Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows
        The body clock has a significant impact on the performance of NBA players. Data shows vastly better win ratio for home teams from the Western Time Zone Area (PDT) when playing an EDT team, compared to vice versa.

      

      
        Webb captures top of iconic horsehead nebula in unprecedented detail
        NASA's James Webb Space Telescope has captured the sharpest infrared images to date of a zoomed-in portion of one of the most distinctive objects in our skies, the Horsehead Nebula. These observations show the top of the 'horse's mane' or edge of this iconic nebula in a whole new light, capturing the region's complexity with unprecedented spatial resolution.

      

      
        Researchers parse oddity of distantly related bats in Solomon Islands that appear identical
        A study of body size in leaf-nosed bats of the Solomon Islands has revealed surprising genetic diversity among nearly indistinguishable species on different islands.

      

      
        NASA's Webb maps weather on planet 280 light-years away
        Researchers have successfully used NASA's James Webb Space Telescope to map the weather on the hot gas-giant exoplanet WASP-43 b.

      

      
        Trotting robots reveal emergence of animal gait transitions
        A four-legged robot trained with machine learning has learned to avoid falls by spontaneously switching between walking, trotting, and pronking -- a milestone for roboticists as well as biologists interested in animal locomotion.

      

      
        The double-fanged adolescence of saber-toothed cats
        How did North America's saber-toothed cats hunt without breaking their unwieldy saber-like canines, which are vulnerable to sideways bending stresses? A paleontologist provides mechanical evidence that during adolescence, when young cats were learning to hunt, their baby teeth remained in place for up to 30 months to laterally buttress the emerging permanent sabers. By the time the baby teeth fell out, presumably the adult cat knew how to protect its sabers during attacks.

      

      
        Fading lights: Multiple threats to North America's firefly populations
        Scientists have applied a data-driven approach to understanding firefly population dynamics on a continental scale. Key findings from this new study indicate that fireflies, part of the beetle order, are sensitive to various environmental factors, from short-term weather conditions to longer climatic trends, including the number of growing-degree days related to temperature accumulations.

      

      
        Long snouts protect foxes when diving headfirst in snow
        When hunting for mice in winter, red and arctic fox are known to plunge headfirst at speeds of 2-4 meters per second, but their sharp noses reduce the impact force in snow and protect them from injury, according to a new study.

      

      
        One in eight grown-ups love extreme tartness
        For most people, biting into a lemon would leave them puckered up and desperate to lose that sour flavor, but a new study revealed that roughly one in eight adults like intensely sour sensations. The cross-cultural study demonstrated there is a subset of 'sour likers' who enjoy exceptionally sour foods.

      

      
        Gemini south reveals origin of unexpected differences in giant binary stars
        Astronomers have confirmed that differences in binary stars' composition can originate from chemical variations in the cloud of stellar material from which they formed. The results help explain why stars born from the same molecular cloud can possess different chemical composition and host different planetary systems, as well as pose challenges to current stellar and planet formation models.

      

      
        Scientists develop strong yet reusable adhesive from smart materials
        Scientists have developed a smart, reusable adhesive more than ten times stronger than a gecko's feet adhesion, pointing the way for development of reusable superglue and grippers capable of holding heavy weights across rough and smooth surfaces. The research team found a way to maximize the adhesion of the smart adhesives by using shape-memory polymers, which can stick and detach easily when needed simply by heating them. This smart adhesive can support extremely heavy weights, opening new possi...

      

      
        Fixin' to be flexitarian: Scrap fish and invasive species can liven up vegetables
        Greening the way we eat needn't mean going vegetarian. A healthy, more realistic solution is to adopt a flexitarian diet where seafoods add umami to 'boring' vegetables. A gastrophysicist puts mathematical equations to work in calculating the umami potential of everything from seaweed and shrimp paste to mussels and mackerel.

      

      
        T. Rex not as smart as previously claimed
        Dinosaurs were likely as smart as reptiles but not as intelligent as monkeys.

      

      
        Probing the effects of interplanetary space on asteroid Ryugu
        Samples reveal evidence of changes experienced by the surface of asteroid Ryugu, some probably due to micrometeoroid bombardment.

      

      
        The end of the quantum tunnel
        Quantum mechanical effects such as radioactive decay, or more generally: 'tunneling', display intriguing mathematical patterns. Researchers now show that a 40-year-old mathematical discovery can be used to fully encode and understand this structure.

      

      
        Test reveals mice think like babies
        Are mice clever enough to be strategic? A neuroscientist who studies learning in humans and animals, and who has long worked with mice, wondered why rodents often performed poorly in tests when they knew how to perform well. With a simple experiment, and by acting as 'a little bit of a mouse psychologist,' he and his team figured it out.

      

      
        Ancient Maya blessed their ballcourts
        Using environmental DNA analysis, an international team of researchers identified a collection of plants used in ceremonial rituals in the ancient Maya city of Yaxnohcah in Mexico. The plants, known for their religious associations and medicinal properties, were discovered beneath a plaza floor where a ballcourt was built.

      

      
        Barley plants fine-tune their root microbial communities through sugary secretions
        Different types of barley recruit distinct communities of soil microbes to grow around their roots by releasing a custom mix of sugars and other compounds, according to a new study.
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Webb telescope probably didn't find life on an exoplanet -- yet | ScienceDaily
Recent reports of NASA's James Webb Space Telescope finding signs of life on a distant planet understandably sparked excitement. A new study challenges this finding, but also outlines how the telescope might verify the presence of the life-produced gas.


						
The UC Riverside study, published in the Astrophysical Journal Letters, may be a disappointment to extraterrestrial enthusiasts but does not rule out the near-future possibility of discovery.

In 2023 there were tantalizing reports of a biosignature gas in the atmosphere of planet K2-18b, which seemed to have several conditions that would make life possible.

Many exoplanets, meaning planets orbiting other stars, are not easily comparable to Earth. Their temperatures, atmospheres, and climates make it hard to imagine Earth-type life on them.

However, K2-18b is a bit different. "This planet gets almost the same amount of solar radiation as Earth. And if atmosphere is removed as a factor, K2-18b has a temperature close to Earth's, which is also an ideal situation in which to find life," said UCR project scientist and paper author Shang-Min Tsai.

K2-18b's atmosphere is mainly hydrogen, unlike our nitrogen-based atmosphere. But there was speculation that K2-18b has water oceans, like Earth. That makes K2-18b a potentially "Hycean" world, which means a combination of a hydrogen atmosphere and water oceans.

Last year, a Cambridge team revealed methane and carbon dioxide in the atmosphere of K2-18b using JWST -- other elements that could point to signs of life.




"What was icing on the cake, in terms of the search for life, is that last year these researchers reported a tentative detection of dimethyl sulfide, or DMS, in the atmosphere of that planet, which is produced by ocean phytoplankton on Earth," Tsai said. DMS is the main source of airborne sulfur on our planet and may play a role in cloud formation.

Because the telescope data were inconclusive, the UCR researchers wanted to understand whether enough DMS could accumulate to detectable levels on K2-18b, which is about 120 light years away from Earth. As with any planet that far away, obtaining physical samples of atmospheric chemicals is impossible.

"The DMS signal from the Webb telescope was not very strong and only showed up in certain ways when analyzing the data," Tsai said. "We wanted to know if we could be sure of what seemed like a hint about DMS."

Based on computer models that account for the physics and chemistry of DMS, as well as the hydrogen-based atmosphere, the researchers found that it is unlikely the data show the presence of DMS. "The signal strongly overlaps with methane, and we think that picking out DMS from methane is beyond this instrument's capability," Tsai said.

However, the researchers believe it is possible for DMS to accumulate to detectable levels. For that to happen, plankton or some other life form would have to produce 20 times more DMS than is present on Earth.

Detecting life on exoplanets is a daunting task, given their distance from Earth. To find DMS, the Webb telescope would need to use an instrument better able to detect infrared wavelengths in the atmosphere than the one used last year. Fortunately, the telescope will use such an instrument later this year, revealing definitively whether DMS exists on K2-18b.

"The best biosignatures on an exoplanet may differ significantly from those we find most abundant on Earth today. On a planet with a hydrogen-rich atmosphere, we may be more likely to find DMS made by life instead of oxygen made by plants and bacteria as on Earth," said UCR astrobiologist Eddie Schwieterman, a senior author of the study.

Given the complexities of searching far-flung planets for signs of life, some wonder about the researchers continued motivations.

"Why do we keep exploring the cosmos for signs of life? Imagine you're camping in Joshua Tree at night, and you hear something. Your instinct is to shine a light to see what's out there. That's what we're doing too, in a way," Tsai said.
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75,000-year-old female Neanderthal from cave where species buried their dead | ScienceDaily
A new documentary has recreated the face of a 75,000-year-old female Neanderthal whose flattened skull was discovered and rebuilt from hundreds of bone fragments by a team of archaeologists and conservators led by the University of Cambridge.


						
The team excavated the female Neanderthal in 2018 from inside a cave in Iraqi Kurdistan where the species had repeatedly returned to lay their dead to rest. The cave was made famous by work in the late 1950s that unearthed several Neanderthals which appeared to have been buried in succession.

'Secrets of the Neanderthals', produced by BBC Studios Science Unit, is released on Netflix worldwide. The documentary follows the team led by the universities of Cambridge and Liverpool John Moores as they return to Shanidar Cave to continue excavations.

"The skulls of Neanderthals and humans look very different," said Dr Emma Pomeroy, a palaeo-anthropologist from Cambridge's Department of Archaeology, who features in the new film.

"Neanderthal skulls have huge brow ridges and lack chins, with a projecting midface that results in more prominent noses. But the recreated face suggests those differences were not so stark in life.

"It's perhaps easier to see how interbreeding occurred between our species, to the extent that almost everyone alive today still has Neanderthal DNA."

Neanderthals are thought to have died out around 40,000 years ago, and the discoveries of new remains are few and far between. The Neanderthal featured in the documentary is the first from the cave for over fifty years, and perhaps the best preserved individual to be found this century.




While earlier finds were numbered, this one is called Shanidar Z, although researchers think it may be the top half of an individual excavated in 1960.

The head had been crushed, possibly by rockfall, relatively soon after death -- after the brain decomposed but before the cranium filled with dirt -- and then compacted further by tens of thousands of years of sediment.

When archaeologists found it, the skull was flattened to around two centimetres thick.

The team carefully exposed the remains, including an articulated skeleton almost to the waist, and used a glue-like consolidant to strengthen the bones and surrounding sediment. They removed Shanidar Z in dozens of small foil-wrapped blocks from under seven and a half metres of soil and rock within the heart of the cave.

In the Cambridge lab, researchers took micro-CT scans of each block before gradually diluting the glue and using the scans to guide extraction of bone fragments. Lead conservator Dr Lucia Lopez-Polin pieced over 200 bits of skull together freehand to return it to its original shape, including upper and lower jaws.

"Each skull fragment is gently cleaned while glue and consolidant are re-added to stabilise the bone, which can be very soft, similar in consistency to a biscuit dunked in tea," said Pomeroy. "It's like a high stakes 3D jigsaw puzzle. A single block can take over a fortnight to process."

The team even referred to forensic science -- studies on how bones shift after blunt force trauma and during decomposition -- to help them understand if remains had been buried, and the ways in which teeth had pinged from jawbones.




The rebuilt skull was surface scanned and 3D-printed, forming the basis of a reconstructed head created by world-leading palaeoartists and identical twins Adrie and Alfons Kennis, who built up layers of fabricated muscle and skin to reveal a face.

New analysis strongly suggests that Shanidar Z was an older female, perhaps in her mid-forties according to researchers -- a significant age to reach so deep in prehistory.

Without pelvic bones, the team relied on sequencing tooth enamel proteins to determine her sex. Teeth were also used to gauge her age through levels of wear and tear -- with some front teeth worn down to the root. At around five feet tall, and with some of the smallest adult arm bones in the Neanderthal fossil record, her physique also implies a female.

While remnants of at least ten separate Neanderthals have now come from the cave, Shanidar Z is the fifth to be found in a cluster of bodies buried at a similar time in the same location: right behind a huge vertical rock, over two metres tall at the time, which sits in the centre of the cave.

The rock had come down from the ceiling long before the bodies were interred. Researchers say it may have served as a landmark for Neanderthals to identify a particular site for repeated burials.

"Neanderthals have had a bad press ever since the first ones were found over 150 years ago," said Professor Graeme Barker from Cambridge's McDonald Institute for Archaeological Research, who leads the excavations at the cave.

"Our discoveries show that the Shanidar Neanderthals may have been thinking about death and its aftermath in ways not so very different from their closest evolutionary cousins -- ourselves."

The other four bodies in the cluster were discovered by archaeologist Ralph Solecki in 1960. One was surrounded by clumps of ancient pollen. Solecki and pollen specialist Arlette Leroi-Gourhan argued the finds were evidence of funerary rituals where the deceased was laid to rest on a bed of flowers.

This archaeological work was among the first to suggest Neanderthals were far more sophisticated than the primitive creatures many had assumed, based on their stocky frames and ape-like brows.

Decades later, the Cambridge-led team retraced Solecki's dig, aiming to use the latest techniques to retrieve more evidence for his contentious claims, as well as the environment and activities of the Neanderthals and later modern humans who lived there, when they uncovered Shanidar Z.

"Shanidar Cave was used first by Neanderthals and then by our own species, so it provides an ideal laboratory to tackle one of the biggest questions of human evolution," said Barker.

"Why did Neanderthals disappear from the stage around the same time as Homo sapiens spread over regions where Neanderthals had lived successfully for almost half a million years?"

A study led by Professor Chris Hunt of Liverpool John Moores University now suggests the pollen was left by bees burrowing into the cave floor. However, remains from Shanidar Cave still show signs of an empathetic species. For example, one male had a paralysed arm, deafness and head trauma that likely rendered him partially blind, yet had lived a long time, so must have been cared for.

Site analysis suggests that Shanidar Z was laid to rest in a gully formed by running water that had been further hollowed out by hand to accommodate the body. Posture indicates she had been leant against the side, with her left hand curled under her head, and a rock behind the head like a small cushion, which may have been placed there.

While Shanidar Z was buried within a similar timeframe as other bodies in the cluster, researchers cannot say how contemporaneous they are, only that they all date to around 75,000 years ago.

In fact, while filming onsite for the new documentary in 2022, the team found remains of yet another individual in the same burial cluster, uncovering the left shoulder blade, some ribs and a fairly complete right hand.

In the sediments several feet above, another three Neanderthals dating to around 50,000 years had been found by Solecki, more of which have been recovered by the current team.

Further research since Shanidar Z was found has detected microscopic traces of charred food in the soil around the older body cluster. These carbonised bits of wild seeds, nuts and grasses, suggest not only that Neanderthals prepared food -- soaking and pounding pulses -- and then cooked it, but did so in the presence of their dead.

"The body of Shanidar Z was within arm's reach of living individuals cooking with fire and eating," said Pomeroy. "For these Neanderthals, there does not appear to be that clear separation between life and death."

"We can see that Neanderthals are coming back to one particular spot to bury their dead. This could be decades or even thousands of years apart. Is it just a coincidence, or is it intentional, and if so what brings them back?"

"As an older female, Shanidar Z would have been a repository of knowledge for her group, and here we are seventy-five thousand years later, learning from her still," Pomeroy said.
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A 'cosmic glitch' in gravity | ScienceDaily
A group of researchers at the University of Waterloo and the University of British Columbia have discovered a potential "cosmic glitch" in the universe's gravity, explaining its strange behaviour on a cosmic scale.


						
For the last 100 years, physicists have relied upon Albert Einstein's theory of "general relativity" to explain how gravity works throughout the universe. General relativity, proven accurate by countless tests and observations, suggests that gravity impacts not simply three physical dimensions but also a fourth dimension: time.

"This model of gravity has been essential for everything from theorizing the Big Bang to photographing black holes," said Robin Wen, the lead author on the project and a recent Waterloo Mathematical Physics graduate.

"But when we try to understand gravity on a cosmic scale, at the scale of galaxy clusters and beyond, we encounter apparent inconsistencies with the predictions of general relativity. It's almost as if gravity itself stops perfectly matching Einstein's theory. We are calling this inconsistency a 'cosmic glitch': gravity becomes around one per cent weaker when dealing with distances in the billions of light years. "

For more than twenty years, physicists and astronomers have been trying to create a mathematical model that explains the apparent inconsistencies of the theory of general relativity. Many of those efforts have taken place at Waterloo, which has a long history of cutting-edge gravitational research resulting from ongoing interdisciplinary collaboration between applied mathematicians and astrophysicists.

"Almost a century ago, astronomers discovered that our universe is expanding," said Niayesh Afshordi, a professor of astrophysics at the University of Waterloo and researcher at the Perimeter Institute.

"The farther away galaxies are, the faster they are moving, to the point that they seem to be moving at nearly the speed of light, the maximum allowed by Einstein's theory. Our finding suggests that, on those very scales, Einstein's theory may also be insufficient."

The research team's new model of a "cosmic glitch" modifies and extends Einstein's mathematical formulas in a way that resolves the inconsistency of some of the cosmological measurements without affecting existing successful uses of general relativity.

"Think of it as being like a footnote to Einstein's theory," Wen said. "Once you reach a cosmic scale, terms and conditions apply."

"This new model might just be the first clue in a cosmic puzzle we are starting to solve across space and time," Afshordi said.
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Earth-like environment likely on ancient Mars | ScienceDaily
A research team using the ChemCam instrument onboard NASA's Curiosity rover discovered higher-than-usual amounts of manganese in lakebed rocks within Gale Crater on Mars, which indicates that the sediments were formed in a river, delta, or near the shoreline of an ancient lake. The results were published today in Journal of Geophysical Research: Planets.


						
"It is difficult for manganese oxide to form on the surface of Mars, so we didn't expect to find it in such high concentrations in a shoreline deposit," said Patrick Gasda, of Los Alamos National Laboratory's Space Science and Applications group and lead author on the study. "On Earth, these types of deposits happen all the time because of the high oxygen in our atmosphere produced by photosynthetic life, and from microbes that help catalyze those manganese oxidation reactions.

"On Mars, we don't have evidence for life, and the mechanism to produce oxygen in Mars's ancient atmosphere is unclear, so how the manganese oxide was formed and concentrated here is really puzzling. These findings point to larger processes occurring in the Martian atmosphere or surface water and shows that more work needs to be done to understand oxidation on Mars," Gasda added.

ChemCam, which was developed at Los Alamos and CNES (the French space agency), uses a laser to form a plasma on the surface of a rock, and collects that light in order to quantify elemental composition in rocks.

The sedimentary rocks explored by the rover are a mix of sands, silts, and muds. The sandy rocks are more porous, and groundwater can more easily pass through sands compared to the muds that make up most of the lakebed rocks in the Gale Crater. The research team looked at how manganese could have been enriched in these sands -- for example, by percolation of groundwater through the sands on the shore of a lake or mouth of a delta -- and what oxidant could be responsible for the precipitation of manganese in the rocks.

On Earth, manganese becomes enriched because of oxygen in the atmosphere, and this process is often sped up by the presence of microbes. Microbes on Earth can use the many oxidation states of manganese as energy for metabolism; if life was present on ancient Mars, the increased amounts of manganese in these rocks along the lake shore would have been a helpful energy source for life.

"The Gale lake environment, as revealed by these ancient rocks, gives us a window into a habitable environment that looks surprisingly similar to places on Earth today," said Nina Lanza, principal investigator for the ChemCam instrument. "Manganese minerals are common in the shallow, oxic waters found on lake shores on Earth, and it's remarkable to find such recognizable features on ancient Mars."
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Time zones and tiredness strongly influence NBA results, study of 25,000 matches shows | ScienceDaily
The body clock has a significant impact on the performance of NBA players, according to study published in the peer-reviewed journal Chronobiology International.


						
The authors say their findings, from more than 25,000 matches, show elite basketball coaches and teams should consider the physical and mental effects of time zone travel when planning games and preparing for games.

A first of its kind, the research is based on the achievements at home and away of NBA (National Basketball Association) league players across 21 consecutive seasons. Considered the most competitive in the world, NBA athletes frequently travel to matches across the five US time zones used by NBA teams.

The findings show that there is a near 10% better win ratio difference for home teams from the western time zone area (PDT) when playing against a team from the eastern EDT time zone, compared to when an EDT team hosts a PDT team.
    	When PDT teams play at home against EDT teams the winning percentage is 63.5%.
    	When EDT teams host a PDT team, the winning percentage drops to 55.0%.

In addition, the findings also show that teams win more home games when players' sleep-wake cycles -- linked to their circadian rhythm (CR) -- are 'ahead' of the local time. This is after they have returned west from competing in a city further east where the local time is earlier.

For example, if the LA Lakers play an away match at Miami (EDT) and then return to Los Angeles (PDT) to play a home game without much CR adaptation time (CR is ahead of the local time), the Lakers play the next home game with a CR advantage against whomever their opponents are.

Teams do not have the same success when players' internal body clocks are either behind or synchronized with the local time where their home arena or stadium is based, according to the results.




Experts from Dokuz Eylul University and Yildiz Technical University, in Turkey, led the study. Dr Firat Ozdalyan, a Sport Physiology expert from Dokuz Eylul, explains that they found NBA teams need to become used to the local time when they play away games to perform well.

"One of the most important results of this research for the home games of the NBA teams is that while traveling to the west increases the performance, traveling to the east decreases the performance," he states.

"Another notable finding is that the success of NBA teams increases when they are fully adapted to the local time for away games.

"Home teams who will be exposed to such a CR phase shift (traveling from west to east) should be mindful of these potential performance detriments when constructing game plans.

"It can be suggested that coaches (of away teams) should bear this (the low shooting success) in mind during the game preparation period."

A circadian rhythm (CR) is the body's sleep-wake pattern over a 24-hour day. A CR phase shift means bedtime and wake-up times move earlier or later in the day.




This means the body clock gets out of sync with the environment which can lead to sleeplessness, daytime tiredness and other issues. The body clock needs 24 hours to adapt for every one-hour time zone change.

The study investigated the effect of a CR shift on the performance of professional NBA athletes.

Data was analyzed from 25,016 regular games across 21 consecutive seasons between 2000 to 2021. Information included the date, location, game result and home or away team. Time zones of the cities where all games were played were identified to calculate the CR phase shifts of the teams.

The expert team say teams in the Pacific time zone may have an advantage in regular season home games such as the Los Angeles Lakers, Portland Trail Blazers, and Seattle Supersonics.

Anaerobic performance could explain why home teams who travel from east to west do better, say the authors. This type of activity which is crucial for scoring, defending and other feats peaks later in the day.

The authors add that the body clock adapts more easily to a long rather than a short day. The day becomes longer traveling east to west and a natural circadian rhythm is slightly longer than 24 hours. So this means basketball players are traveling in the direction their bodies want to go.

As for away teams, the authors say that travel fatigue is more likely to blame for poor performance than phase shifts in CR.

Players who have rest time between games or have not traveled across time zones for an away match are more able to synchronize their body with the local time. As such, they are not as tired and play better.

A limitation of this research is that the traveling schedules of the teams are not known. Since this information was not available, it was not possible to determine how long the teams stayed in which city/time zone; how much they adapted to the local UTC; and what extent they were exposed to a CR phase shift with real data. Therefore, the team used a predictive model for the traveling plans and CR adaptations of the teams by following the rules determined by previous research.

Another limitation is that the games were not separated according to teams' ability differences.
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Webb captures top of iconic horsehead nebula in unprecedented detail | ScienceDaily
NASA's James Webb Space Telescope has captured the sharpest infrared images to date of a zoomed-in portion of one of the most distinctive objects in our skies, the Horsehead Nebula. These observations show the top of the "horse's mane" or edge of this iconic nebula in a whole new light, capturing the region's complexity with unprecedented spatial resolution.


						
Webb's new images show part of the sky in the constellation Orion (The Hunter), in the western side of a dense region known as the Orion B molecular cloud. Rising from turbulent waves of dust and gas is the Horsehead Nebula, otherwise known as Barnard 33, which resides roughly 1,300 light-years away.

The nebula formed from a collapsing interstellar cloud of material, and glows because it is illuminated by a nearby hot star. The gas clouds surrounding the Horsehead have already dissipated, but the jutting pillar is made of thick clumps of material and therefore is harder to erode. Astronomers estimate that the Horsehead has about five million years left before it too disintegrates. Webb's new view focuses on the illuminated edge of the top of the nebula's distinctive dust and gas structure.

The Horsehead Nebula is a well-known photodissociation region, or PDR. In such a region, ultraviolet (UV) light from young, massive stars creates a mostly neutral, warm area of gas and dust between the fully ionized gas surrounding the massive stars and the clouds in which they are born. This UV radiation strongly influences the chemistry of these regions and acts as a significant source of heat.

These regions occur where interstellar gas is dense enough to remain mostly neutral, but not dense enough to prevent the penetration of UV light from massive stars. The light emitted from such PDRs provides a unique tool to study the physical and chemical processes that drive the evolution of interstellar matter in our galaxy, and throughout the universe from the early era of vigorous star formation to the present day.

Due to its proximity and its nearly edge-on geometry, the Horsehead Nebula is an ideal target for astronomers to study the physical structures of PDRs and the molecular evolution of the gas and dust within their respective environments, and the transition regions between them. It is considered one of the best regions in the sky to study how radiation interacts with interstellar matter.

Thanks to Webb's MIRI and NIRCam instruments, an international team of astronomers has revealed for the first time the small-scale structures of the illuminated edge of the Horsehead. As UV light evaporates the dust cloud, dust particles are swept out away from the cloud, carried with the heated gas. Webb has detected a network of thin features tracing this movement. The observations have also allowed astronomers to investigate how the dust blocks and emits light, and to better understand the multidimensional shape of the nebula.

Next, astronomers intend to study the spectroscopic data that has been obtained to gain insights into the evolution of the physical and chemical properties of the material observed across the nebula.

These observations were taken in the Webb GTO program 1192, and the results were published today in Astronomy & Astrophysics.
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Researchers parse oddity of distantly related bats in Solomon Islands that appear identical | ScienceDaily
A study of body size in leaf-nosed bats of the Solomon Islands has revealed surprising genetic diversity among nearly indistinguishable species on different islands.


						
The research team behind the study from the University of Melbourne, Australia, included several evolutionary biologists from the University of Kansas -- who collected specimens in the field, conducted genetic analysis and co-wrote the research appearing in the journal Evolution.

"This is genus of bats called Hipposideros with multiple species all over Southeast Asia in the Pacific," said co-author Rob Moyle, senior curator of ornithology with the KU Biodiversity Institute and Natural History Museum, whose lab conducted much of the investigation. "In the Solomon Islands, where we've been doing a lot of fieldwork, on each island there can be four or five different species, and they parse out in terms of body size. There's a small, medium, large -- or if there's more than three species, there's a small, medium, large and extra large. On one island there's five, so there's an extra small."

According to Moyle, who also serves as professor of evolutionary biology at KU, previous generations of researchers reviewed the bats' morphology, or physical traits, and concluded they're one species.

"You go from one island to the next, and the medium-sized species is identical to the other islands," he said. "Biologists have always looked at those and said, 'OK, it's obvious. There's a small, medium and large size species distributed across multiple islands.'"

However, Moyle and his collaborators had more modern analysis at their disposal. In sequencing the DNA of bats they collected from the field (along with specimens from museum collections), the team found the large and extra large bat species weren't actually closely related.

"That means that somehow these populations arrived at this identical body size and appearance not by being closely related -- but we usually think identical-looking things are that way because they're really closely related," Moyle said. "It brings up questions like what's unique about these islands that you'd have convergence of body size and appearance into really stable size classes on different islands."

The team performed precise measurements on bats from different islands, confirming previous work by scientists in the Solomon Islands.




"All the large ones from different islands all clustered together in their measurements," Moyle said. "It's not just that the earlier biologists made a mistake. They looked at them and said, 'Oh, yeah, they're the same.' And they're actually not. We measured them, and they're all clustered together, though they're different species. We verified -- sort of -- that earlier morphological work."

Moyle's collaborators included lead author Tyrone Lavery of the University of Melbourne and KU's Biodiversity Institute and Natural History Museum. Other KU co-authors include Devon DeRaad, doctoral student, and Lucas DeCicco, collections manager, both of the Biodiversity Institute and Natural History Museum; and Karen Olson of both KU and Rutgers University. They were joined by Piokera Holland of Ecological Solutions Solomon Islands; Jennifer Seddon of James Cook University and Luke Leung of the Rodent Testing Centre in Gatton, Australia.

Genetic analysis that revealed the bats weren't closely related was performed at KU's Genome Sequencing Core.

"When we created family trees using the bats' DNA, we found that what we thought was just one species of large bat in the Solomon Islands was actually a case where bigger bats had evolved from the smaller species multiple times across different islands," Lavery said. "We think these larger bats might be evolving to take advantage of prey that the smaller bats aren't eating."

DeRadd said the work could be "highly relevant" for conservation efforts in identifying evolutionarily significant units in this group.

"Body size had misled the taxonomy," DeRadd said. "It turns out every island's population of extra-large bats is basically genetically unique and deserving of conservation. Understanding that is really helpful. There are issues with deforestation. If we don't know whether these populations are unique, it's hard to know whether we should be putting effort into conserving them."

According to DeCicco, the new understanding of leaf-nosed bats was fascinating on a purely theoretical level.

"We study evolutionary processes that lead to biodiversity," he said. "This shows nature is more complex. We humans love to try to find patterns -- and researchers love to try to find rules that apply to broad suites of organisms. It's super cool when we find exceptions to these rules. These are patterns that you see duplicated over lots of different taxa on lots of different islands -- a large and a small species, or two closely related species that differ somehow to partition their niches. We're seeing there are lots of different evolutionary scenarios that can produce that same pattern."
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NASA's Webb maps weather on planet 280 light-years away | ScienceDaily
An international team of researchers has successfully used NASA's James Webb Space Telescope to map the weather on the hot gas-giant exoplanet WASP-43 b.


						
Precise brightness measurements over a broad spectrum of mid-infrared light, combined with 3D climate models and previous observations from other telescopes, suggest the presence of thick, high clouds covering the nightside, clear skies on the dayside, and equatorial winds upwards of 5,000 miles per hour mixing atmospheric gases around the planet.

The investigation is just the latest demonstration of the exoplanet science now possible with Webb's extraordinary ability to measure temperature variations and detect atmospheric gases trillions of miles away.

Tidally Locked "Hot Jupiter"

WASP-43 b is a "hot Jupiter" type of exoplanet: similar in size to Jupiter, made primarily of hydrogen and helium, and much hotter than any of the giant planets in our own solar system. Although its star is smaller and cooler than the Sun, WASP-43 b orbits at a distance of just 1.3 million miles -- less than 1/25th the distance between Mercury and the Sun.

With such a tight orbit, the planet is tidally locked, with one side continuously illuminated and the other in permanent darkness. Although the nightside never receives any direct radiation from the star, strong eastward winds transport heat around from the dayside.

Since its discovery in 2011, WASP-43 b has been observed with numerous telescopes, including NASA's Hubble and now-retired Spitzer space telescopes.




"With Hubble, we could clearly see that there is water vapor on the dayside. Both Hubble and Spitzer suggested there might be clouds on the nightside," explained Taylor Bell, researcher from the Bay Area Environmental Research Institute and lead author of a study published today in Nature Astronomy. "But we needed more precise measurements from Webb to really begin mapping the temperature, cloud cover, winds, and more detailed atmospheric composition all the way around the planet."

Mapping Temperature and Inferring Weather

Although WASP-43 b is too small, dim, and close to its star for a telescope to see directly, its short orbital period of just 19.5 hours makes it ideal for phase curve spectroscopy, a technique that involves measuring tiny changes in brightness of the star-planet system as the planet orbits the star.

Since the amount of mid-infrared light given off by an object depends largely on how hot it is, the brightness data captured by Webb can then be used to calculate the planet's temperature.

The team used Webb's MIRI (Mid-Infrared Instrument) to measure light from the WASP-43 system every 10 seconds for more than 24 hours. "By observing over an entire orbit, we were able to calculate the temperature of different sides of the planet as they rotate into view," explained Bell. "From that, we could construct a rough map of temperature across the planet."

The measurements show that the dayside has an average temperature of nearly 2,300 degrees Fahrenheit (1,250 degrees Celsius) -- hot enough to forge iron. Meanwhile, the nightside is significantly cooler at 1,100 degrees Fahrenheit (600 degrees Celsius). The data also helps locate the hottest spot on the planet (the "hotspot"), which is shifted slightly eastward from the point that receives the most stellar radiation, where the star is highest in the planet's sky. This shift occurs because of supersonic winds, which move heated air eastward.




"The fact that we can map temperature in this way is a real testament to Webb's sensitivity and stability," said Michael Roman, a co-author from the University of Leicester in the U.K.

To interpret the map, the team used complex 3D atmospheric models like those used to understand weather and climate on Earth. The analysis shows that the nightside is probably covered in a thick, high layer of clouds that prevent some of the infrared light from escaping to space. As a result, the nightside -- while very hot -- looks dimmer and cooler than it would if there were no clouds.

Missing Methane and High Winds

The broad spectrum of mid-infrared light captured by Webb also made it possible to measure the amount of water vapor (H2O) and methane (CH4) around the planet. "Webb has given us an opportunity to figure out exactly which molecules we're seeing and put some limits on the abundances," said Joanna Barstow, a co-author from the Open University in the U.K.

The spectra show clear signs of water vapor on the nightside as well as the dayside of the planet, providing additional information about how thick the clouds are and how high they extend in the atmosphere.

Surprisingly, the data also shows a distinct lack of methane anywhere in the atmosphere. Although the dayside is too hot for methane to exist (most of the carbon should be in the form of carbon monoxide), methane should be stable and detectable on the cooler nightside.

"The fact that we don't see methane tells us that WASP-43b must have wind speeds reaching something like 5,000 miles per hour," explained Barstow. "If winds move gas around from the dayside to the nightside and back again fast enough, there isn't enough time for the expected chemical reactions to produce detectable amounts of methane on the nightside."

The team thinks that because of this wind-driven mixing, the atmospheric chemistry is the same all the way around the planet, which wasn't apparent from past work with Hubble and Spitzer.

The MIRI observation of WASP-43 b was conducted as part of the Webb Early Release Science programs, which are providing researchers with a vast set of robust, open-access data for studying a wide array of cosmic phenomena.
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Trotting robots reveal emergence of animal gait transitions | ScienceDaily
With the help of a form of machine learning called deep reinforcement learning (DRL), the EPFL robot notably learned to transition from trotting to pronking -- a leaping, arch-backed gait used by animals like springbok and gazelles -- to navigate a challenging terrain with gaps ranging from 14-30cm. The study, led by the BioRobotics Laboratory in EPFL's School of Engineering, offers new insights into why and how such gait transitions occur in animals.


						
"Previous research has introduced energy efficiency and musculoskeletal injury avoidance as the two main explanations for gait transitions. More recently, biologists have argued that stability on flat terrain could be more important. But animal and robotic experiments have shown that these hypotheses are not always valid, especially on uneven ground," says PhD student Milad Shafiee, first author on a paper published in Nature Communications.

Shafiee and co-authors Guillaume Bellegarda and BioRobotics Lab head Auke Ijspeert were therefore interested in a new hypothesis for why gait transitions occur: viability, or fall avoidance. To test this hypothesis, they used DRL to train a quadruped robot to cross various terrains. On flat terrain, they found that different gaits showed different levels of robustness against random pushes, and that the robot switched from a walk to a trot to maintain viability, just as quadruped animals do when they accelerate. And when confronted with successive gaps in the experimental surface, the robot spontaneously switched from trotting to pronking to avoid falls. Moreover, viability was the only factor that was improved by such gait transitions.

"We showed that on flat terrain and challenging discrete terrain, viability leads to the emergence of gait transitions, but that energy efficiency is not necessarily improved," Shafiee explains. "It seems that energy efficiency, which was previously thought to be a driver of such transitions, may be more of a consequence. When an animal is navigating challenging terrain, it's likely that its first priority is not falling, followed by energy efficiency."

A bio-inspired learning architecture

To model locomotion control in their robot, the researchers considered the three interacting elements that drive animal movement: the brain, the spinal cord, and sensory feedback from the body. They used DRL to train a neural network to imitate the spinal cord's transmission of brain signals to the body as the robot crossed an experimental terrain. Then, the team assigned different weights to three possible learning goals: energy efficiency, force reduction, and viability. A series of computer simulations revealed that of these three goals, viability was the only one that prompted the robot to automatically -- without instruction from the scientists -- change its gait.

The team emphasizes that these observations represent the first learning-based locomotion framework in which gait transitions emerge spontaneously during the learning process, as well as the most dynamic crossing of such large consecutive gaps for a quadrupedal robot.

"Our bio-inspired learning architecture demonstrated state-of-the-art quadruped robot agility on the challenging terrain," Shafiee says.

The researchers aim to expand on their work with additional experiments that place different types of robots in a wider variety of challenging environments. In addition to further elucidating animal locomotion, they hope that ultimately, their work will enable the more widespread use of robots for biological research, reducing reliance on animal models and the associated ethics concerns.
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The double-fanged adolescence of saber-toothed cats | ScienceDaily

Though few of the recovered skulls had sabers attached, a handful exhibited a peculiar feature: the tooth socket for the saber was occupied by two teeth, with the permanent tooth slotted into a groove in the baby tooth.

Paleontologist Jack Tseng, associate professor of integrative biology at the University of California, Berkeley, doesn't think the double fangs were a fluke.

Nine years ago, he joined a few colleagues in speculating that the baby tooth helped to stabilize the permanent tooth against sideways breakage as it erupted. The researchers interpreted growth data for the saber-toothed cat to imply that the two teeth existed side by side for up to 30 months during the animal's adolescence, after which the baby tooth fell out.

In a new paper accepted for publication in the journal The Anatomical Record, Tseng provides the first evidence that the saber tooth alone would have been increasingly vulnerable to lateral breakage during eruption, but that a baby or milk tooth alongside it would have made it much more stable. The evidence consists of computer modeling of saber-tooth strength and stiffness against sideways bending, and actual testing and breaking of plastic models of saber teeth.

"This new study is a confirmation -- a physical and simulation test -- of an idea some collaborators and I published a couple of years ago: that the timing of the eruption of the sabers has been tweaked to allow a double-fang stage," said Tseng, who is a curator in the UC Museum of Paleontology. "Imagine a timeline where you have the milk canine coming out, and when they finish erupting, the permanent canine comes out and overtakes the milk canine, eventually pushing it out. What if this milk tooth, for the 30 or so months that it was inside the mouth right next to this permanent tooth, was a mechanical buttress?"

He speculates that the unusual presence of the baby canine -- one of the deciduous teeth all mammals grow and lose by adulthood -- long after the permanent saber tooth erupted protected the saber while the maturing cats learned how to hunt without damaging them. Eventually, the baby tooth would fall out and the adult would lose the saber support, presumably having learned how to be careful with its saber. Paleontologists still do not know how saber-toothed animals like Smilodon hunted prey without breaking their unwieldy sabers.




"The double-fang stage is probably worth a rethinking now that I've shown there's this potential insurance policy, this larger range of protection," he said. "It allows the equivalent of our teenagers to experiment, to take risks, essentially to learn how to be a full-grown, fully fledged predator. I think that this refines, though it doesn't solve, thinking about the growth of saber tooth use and hunting through a mechanical lens."

The study also has implications for how saber-toothed cats and other saber-toothed animals hunted as adults, presumably using their predatory skills and strong muscles to compensate for vulnerable canines.

Beam theory

Thanks to the wealth of saber-toothed cat fossils, which includes many thousands of skeletal parts in addition to skulls, unearthed from the La Brea Tar Pits, scientists know a lot more about Smilodon fatalis than about any other saber-toothed animal, even though at least five separate lineages of saber-toothed animals evolved around the world. Smilodon roamed widely across North America and into Central America, going extinct about 10,000 years ago.

Yet paleontologists are still confounded by that fact that adult animals with thin-bladed knives for canines apparently avoided breaking them frequently despite the sideways forces likely generated during biting. One study of the La Brea predator fossils found that during periods of animal scarcity, saber-toothed cats did break their teeth more often than in times of plenty, perhaps because of altered feeding strategies.

The double-fanged specimens from La Brea, which have been considered rare cases of individuals with delayed loss of the baby tooth, gave Tseng a different idea -- that they had an evolutionary purpose. To test his hypothesis, he used beam theory -- a type of engineering analysis employed widely to model structures ranging from bridges to building materials -- to model real-life saber teeth. This is combined with finite element analysis, which uses computer models to simulate the sideways forces a saber tooth could withstand before breaking.




"According to beam theory, when you bend a blade-like structure laterally sideways in the direction of their narrower dimension, they are quite a lot weaker compared to the main direction of strength," Tseng said. "Prior interpretations of how saber tooths may have hunted use this as a constraint. No matter how they use their teeth, they could not have bent them a lot in a lateral direction."

He found that while the saber's bending strength -- how much force it can withstand before breaking -- remained about the same throughout its elongation, the saber's stiffness -- its deflection under a given force -- decreased with increasing length. In essence, as the tooth got longer, it was easier to bend, increasing the chance of breakage.

By adding a supportive baby tooth in the beam theory model, however, the stiffness of the permanent saber kept pace with the bending strength, reducing the chance of breaking.

"During the time period when the permanent tooth is erupting alongside the milk one, it is around the time when you switch from maximum width to the relatively narrower width, when that tooth will be getting weaker," Tseng said. "When you add an additional width back into the beam theory equation to account for the baby saber, the overall stiffness more closely aligned with theoretical optimal."

Though not reported in the paper, he also 3D-printed resin replicas of saber teeth and tested their bending strength and stiffness on a machine designed to measure tensile strength. The results of these tests mirrored the conclusions from the computer simulations. He is hoping to 3D-print replicas from more life-like dental material to more accurately simulate the strength of real teeth.

Tseng noted that the same canine stabilization system may have evolved in other saber-toothed animals. While no examples of double fangs in other species have been found in the fossil record, some skulls have been found with adult teeth elsewhere in the jaws but milk teeth where the saber would erupt.

"What we do see is milk canines preserved on specimens with otherwise adult dentition, which suggests a prolonged retention of those milk canines while the adult tooth, the sabers, are either about to erupt or erupting," he said.

Tseng is supported by the National Science Foundation's Division of Biological infrastructure (2128146).
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Fading lights: Multiple threats to North America's firefly populations | ScienceDaily
A landmark study conducted by the University of Kentucky Martin-Gatton College of Agriculture, Food and Environment; Bucknell University; Penn State University; and the USDA has shed light onto the precarious situation facing firefly populations across North America. The study's results identified multiple factors impacting their numbers, offering a deep dive into how shifting environmental and human factors influence these iconic insects.


						
The study, published in Science of the Total Environment, "Illuminating Patterns of Firefly Abundance Using Citizen Science Data and Machine Learning Models," identified the factors likely responsible for troubling declines in firefly populations across North America. To study these population changes, the research used a mix of field surveys from citizen scientists and advanced machine learning techniques to analyze over 24,000 surveys from the Firefly Watch citizen science initiative.

Key Findings

This research marks the first comprehensive attempt to apply a data-driven approach to understanding firefly population dynamics on a continental scale. Key findings from this new study indicate that fireflies, part of the beetle order, are sensitive to various environmental factors, from short-term weather conditions to longer climatic trends, including the number of growing-degree days related to temperature accumulations.

"Subtle changes in climate patterns, especially related to temperature, are significantly impacting firefly breeding cycles and habitat quality," said Darin McNeil, study principal investigator and assistant professor of wildlife ecology and management.

Christina Grozinger, publius vergilius maro professor of entomology at Penn State University, said while scientists previously knew that urbanization, agricultural intensification and climate change can affect biodiversity, less was known about how these complex factors interact and what people can do in their own backyards, towns and cities to support biodiversity.

"In this study, we integrated large scale data sets on species abundance, land use, soil type, weather and climate using machine learning models to precisely model and predict firefly abundance patterns at the local scale across the eastern U.S.," Grozinger said. "We were very fortunate to have a multi-year citizen science data set that spanned more than 24,000 observations."

The study underscores fireflies' sensitivity to climatic variables such as temperature and precipitation. Fireflies thrive in temperate conditions, with wet and warm summers creating the ideal breeding environment and cold winters supporting the survival of immature stages like eggs, larvae and pupae.




However, as global temperatures rise, these conditions become less predictable and, often, less hospitable. Changes in precipitation patterns, another critical factor for firefly survival, have led to either overly dry conditions that reduce larval survival or excessively wet conditions that can flood breeding grounds and disrupt life cycles.

"Artificial lights at night could disrupt firefly populations, possibly affecting both adult and larval stages," McNeil said. "Firefly larvae, which live in the soil, are particularly vulnerable to changes in light exposure and artificial light could alter their developmental cycles and survival rates. Firefly larvae, which are predatory, also require moist soil conditions because the humidity supports soft-bodied invertebrates like snails and slugs that firefly larvae use as prey."

Urban growth, such as establishing impervious surfaces such as sidewalks, buildings and roads, poses a significant threat to firefly populations by invading natural habitats and decreasing available breeding areas. Light pollution from streetlights and commercial signs is particularly disruptive, as it interferes with the fireflies' bioluminescent communication essential for mating. The study indicates that fireflies are markedly less common in areas with significant nighttime light pollution.

Agriculture impact on fireflies

Certain agricultural practices also seem to contribute to the decline of fireflies. The extensive use of pesticides and herbicides has been linked to decreased firefly numbers, likely due to reduced prey availability and direct toxicity. This new study did not find a pesticide effect; in fact, certain agricultural areas supported some of the highest firefly densities, perhaps because some practices (e.g., livestock grazing) support meadow-like conditions that benefit fireflies. The study warns against increasing agricultural intensification, especially practices that reduce the organic debris and moist environments firefly larvae require to thrive.

The paper reveals that the decline in firefly populations is not uniform across all climates or regions. Some species adapted to dryer environments or those with specific breeding patterns may be less affected by certain changes, whereas others are more vulnerable. This highlights the complexity of natural ecosystems and the need for tailored conservation strategies.




The research team also made significant strides in identifying potential conservation measures to mitigate these impacts. These include reducing light pollution, preserving natural habitats and implementing wildlife-friendly agricultural practices that support fireflies.

Fireflies' importance in the environment

The decline of fireflies is more than the loss of a beloved natural spectacle; it signals broader ecological disruptions that could have cascading effects on other species and ecosystems. Fireflies play a role in the food web, serving as prey for some species and as predators for many invertebrates. Their disappearance could have unforeseen repercussions on local biodiversity.

"As the study concludes, further research is encouraged, particularly in exploring the long-term trends of firefly populations and the efficacy of various conservation strategies" McNeil said. "Moving forward, focused studies that survey particular firefly species, rather than the firefly community as a whole, will be important. This approach will be crucial in ensuring that future generations can also enjoy the natural wonder of fireflies lighting up the night sky."

"Each individual species has its own habitat requirement and things it needs to succeed," adds Bucknell University assistant professor of biology Sarah Lower, a noted firefly researcher. "With the citizen science data in this study, we're looking at fireflies in the aggregate, but we would like people in citizen science getting more training in species identification. If we can get species-level information, we can provide more specifics on species living in a particular area and how best to protect them."

To create similar data sets for other firefly species, the research team is also leveraging technology and AI to develop automated monitoring systems through an NSF funded INSECT NET graduate training program.

Individuals interested in learning more about the land use, weather and climate conditions in their locations can use Penn State's Beescape tool, which provides location-specific habitat quality scores for pollinators.

This work was funded by the Penn State Insect Biodiversity Center, Penn State's Huck Institutes of the Life Sciences and Penn State's College of Agricultural Sciences via the USDA's National Institute of Food and Agriculture and Hatch Appropriations.
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Long snouts protect foxes when diving headfirst in snow | ScienceDaily
When hunting for mice in winter, red and arctic fox are known to plunge headfirst at speeds of 2-4 meters per second, but their sharp noses reduce the impact force in snow and protect them from injury, according to a new Cornell University study.


						
The fundamental research sheds light on the biomechanics of the unique hunting behavior (known as mousing), advances our understanding of animal adaptations and offers insights into snow injuries people experience during snowboarding or skiing.

The study published April 29 in the Proceedings of the National Academy of Sciences.

While there have been many studies of water birds and animals such as porpoises and dolphins diving from air into water, interactions between animals and the air-snow interface have not been well-researched. Snow has fluid-like properties when light and fluffy, and solid-like properties when compacted, such as when people make snowballs.

"The fox's sharp snout doesn't significantly compress the snow, it penetrates it without much resistance," said Sunghwan Jung, the paper's corresponding author and professor of biological and environmental engineering. Jisoo Yuk, a doctoral student in Jung's lab, is the paper's first author.

In the study, the authors scanned skulls of red and arctic foxes (from the Canidae family) and lynx and puma skulls (from the Felidae family) at the American Museum of Natural History in Manhattan. They 3D-printed the skulls and attached each to a sensor that measured impact force. The skulls were then dropped into both snow and water, and the researchers entered data into computer models to compare impacts of both.

Jung and colleagues found that the foxes' sharp snouts penetrated the snow with little resistance, minimizing potential tissue damage during a headfirst dive. "Without much compression, in spite of the high-speed impact, the snow behaves like water," Jung said. But the flat Felidae snouts compressed the snow upon impact, creating a large and potentially damaging resistance.

When mousing in snow, the fox's long snout also allows it to reach its prey earlier, as mice are very sensitive to movements in their environment and can quickly escape. Other behavioral studies have shown that prior to pouncing, foxes shake their heads to listen to the rustling sounds of mice or other animals beneath the snow's surface, thereby gauging the depth of the sound source.

"This is a very dangerous process, but we haven't had reports of foxes getting injured," Jung said.

The study was funded by the National Science Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240429165819.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



One in eight grown-ups love extreme tartness | ScienceDaily
For most people, biting into a lemon would leave them puckered up and desperate to lose that sour flavor, but a new study by Penn State researchers revealed that roughly one in eight adults like intensely sour sensations. The cross-cultural study, recently published in the journal Food Quality and Preference, demonstrated there is a subset of "sour likers" who enjoy exceptionally sour foods.


						
"This is the first time it's been convincingly shown that there is a segment of adults who likes strongly sour things," said John Hayes, professor of food science, director of the Sensory Evaluation Center at Penn State and author on the study.

Previous studies have shown that some children, roughly one in three, enjoy intensely sour things, Hayes explained, but this had not been tested directly in adults. His recent study, conducted in partnership with researchers in Italy, was the first to show that for a sizeable amount of people, the enjoyment of sourness lasts well into adulthood.

"Think about candies like Warheads and Sour Patch Kids," Hayes said. "The market tells us that there must be some people who enjoy them into adulthood, but now we have an estimate of how many."

The international research team set out to test the widespread belief that adults are generally averse to sourness, which they predicted would result in a drop in liking as sourness increases. They tested the liking patterns of sourness in two different countries across two different groups of individuals belonging to different food cultures -- Italy and the United States.

The team measured the responses of 143 American adults to various levels of citric acid in water. They also measured the responses of 350 Italian adults to pear juice spiked with various amounts of citric acid. They selected participants with similar age, gender and ethnicity -- majority white -- from a metropolitan area in Tuscany, Italy, and from the municipality of State College.

Participants were asked to rate the intensity and liking of a range of samples with varying sourness levels. For both cohorts, the researchers found evidence of three distinct patterns of response: a strong negative group where liking dropped with increased sourness, an intermediate group who showed a more muted drop in liking with more sourness, and a strong positive group where liking increased with more sourness.




"Most people didn't like sourness, so if you just average across the entire group, then you'd conclude that more sour equals bad," says Hayes. "But if you dig deeper, you find huge differences across people."

By gauging levels of liking, the researchers were also able to test the hypothesis that "sour likers" might just be less sensitive to sour foods, the theory that higher concentrations of sourness for "sour likers" registered the same as lower concentrations of sourness in someone else.

"You could imagine a case where they're just less responsive to sourness in general," Hayes said. "But that's not what we find. We find the people that like really sour flavor actually experience it just as sour as other people. They simply enjoy it more."

Strikingly, the researchers noted that both the Italian and American cohorts showed similar proportions of response patterns to sourness, with about 63% to 70 % in the strong negative group and roughly 11% to 12 % in the strong positive group, suggesting these proportions may be stable across cultures.

"Italian food culture and American food culture are so wildly different," said Sara Spinelli, a researcher from the University of Florence in Italy and first author on the paper. "And yet we end up with almost identical percentages, which suggests to us this is not an effect of prior exposure. It's probably something innately different about those people. We don't know what that is, but it tells us that it's not just the foods you grew up with."

The researchers noted that the data support the existence of previously unexplored taste profiles that respond positively to sour stimuli. Given that sourness is classically considered to be a negative sensory attribute, the researchers were surprised to discover that that roughly 1 in 8 participants from both countries showed an increase in liking as sourness increased.

"This study highlights the importance of looking at individual differences and potential consumer segments, rather than merely averaging responses across all individuals within a group," Spinelli said. "Because when we average the response, all we see is a dislike of sourness, we lose this subset of people who actually love it."

Hayes explained that this type of segmentation could be used to develop tailored products that account for the specific "sour liker" taste profile.

"This could ultimately serve to promote the consumption of healthier foods and beverages that are lower in sweetness but still acceptable to consumers," he said.
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Gemini south reveals origin of unexpected differences in giant binary stars | ScienceDaily
Using the Gemini South telescope a team of astronomers have confirmed for the first time that differences in binary stars' composition can originate from chemical variations in the cloud of stellar material from which they formed. The results help explain why stars born from the same molecular cloud can possess different chemical composition and host different planetary systems, as well as pose challenges to current stellar and planet formation models.


						
It is estimated that up to 85% of stars exist in binary star systems, some even in systems with three or more stars. These stellar pairs are born together out of the same molecular cloud from a shared abundance of chemical building blocks, so astronomers would expect to find that they have nearly identical compositions and planetary systems. However, for many binaries that isn't the case. While some proposed explanations attribute these dissimilarities to events occurring after the stars evolved, a team of astronomers have confirmed for the first time that they can actually originate from before the stars even began to form.

Led by Carlos Saffe of the Institute of Astronomical, Earth and Space Sciences (ICATE-CONICET) in Argentina, the team used the Gemini South telescope in Chile, one half of the International Gemini Observatory, supported in part by the U.S. National Science Foundation and operated by NSF NOIRLab. With the new, precise Gemini High Resolution Optical SpecTrograph (GHOST) the team studied the different wavelengths of light, or spectra, given off by a pair of giant stars, which revealed significant differences in their chemical make-up. "GHOST's extremely high-quality spectra offered unprecedented resolution," said Saffe, "allowing us to measure the stars' stellar parameters and chemical abundances with the highest possible precision." These measurements revealed that one star had higher abundances of heavy elements than the other. To disentangle the origin of this discrepancy, the team used a unique approach.

Previous studies have proposed three possible explanations for observed chemical differences between binary stars. Two of them involve processes that would occur well into the stars' evolution: atomic diffusion, or the settling of chemical elements into gradient layers depending on each star's temperature and surface gravity; and the engulfment of a small, rocky planet, which would introduce chemical variations in a star's composition.

The third possible explanation looks back at the beginning of the stars' formation, suggesting that the differences originate from primordial, or pre-existing, areas of nonuniformity within the molecular cloud. In simpler terms, if the molecular cloud has an uneven distribution of chemical elements, then stars born within that cloud will have different compositions depending on which elements were available at the location where each formed.

So far, studies have concluded that all three explanations are probable; however, these studies focused solely on main-sequence binaries. The 'main-sequence' is the stage where a star spends most of its existence, and the majority of stars in the Universe are main-sequence stars, including our Sun. Instead, Saffe and his team observed a binary consisting of two giant stars. These stars possess extremely deep and strongly turbulent external layers, or convective zones. Owing to the properties of these thick convective zones, the team was able to rule out two of the three possible explanations.

The continuous swirling of fluid within the convective zone would make it difficult for material to settle into layers, meaning giant stars are less sensitive to the effects of atomic diffusion -- ruling out the first explanation. The thick external layer also means that a planetary engulfment would not change a star's composition much since the ingested material would rapidly be diluted -- ruling out the second explanation. This leaves primordial inhomogeneities within the molecular cloud as the confirmed explanation. "This is the first time astronomers have been able to confirm that differences between binary stars begin at the earliest stages of their formation," said Saffe.




"Using the precision-measurement capabilities provided by the GHOST instrument, Gemini South is now collecting observations of stars at the end of their lives to reveal the environment in which they were born," says Martin Still, NSF program director for the International Gemini Observatory. "This gives us the ability to explore how the conditions in which stars form can influence their entire existence over millions or billions of years."

Three consequences of this study are of particular significance. First, these results offer an explanation for why astronomers see binary stars with such different planetary systems. "Different planetary systems could mean very different planets -- rocky, Earth-like, ice giants, gas giants -- that orbit their host stars at different distances and where the potential to support life might be very different," said Saffe.

Second, these results pose a crucial challenge to the concept of chemical tagging -- using chemical composition to identify stars that came from the same environment or stellar nursery -- by showing that stars with different chemical compositions can still have the same origin.

Finally, observed differences previously attributed to planetary impacts on a star's surface will need to be reviewed, as they might now be seen as having been there from the very beginning of the star's life.

"By showing for the first time that primordial differences really are present and responsible for differences between twin stars, we show that star and planet formation could be more complex than initially thought," said Saffe. "The Universe loves diversity!"
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Scientists develop strong yet reusable adhesive from smart materials | ScienceDaily
Scientists from Nanyang Technological University, Singapore (NTU Singapore) have developed a smart, reusable adhesive more than ten times stronger than a gecko's feet adhesion, pointing the way for development of reusable superglue and grippers capable of holding heavy weights across rough and smooth surfaces.


						
The NTU research team, led by Professor K Jimmy Hsia, found a way to maximise the adhesion of the smart adhesives by using shape-memory polymers, which can stick and detach easily when needed simply by heating them.

Writing last month in the scientific journal National Science Review, the team details their breakthrough in adhesion by designing the shape-memory polymer material in the shape of hair-like fibrils.

This smart adhesive can support extremely heavy weights, opening new possibilities for robotic grippers that allow humans to scale walls effortlessly, or climbing robots that can cling onto ceilings for survey or repair applications.

Professor Hsia, President's Chair in Mechanical Engineering, NTU School of Mechanical & Aerospace Engineering (MAE) and School of Chemistry, Chemical Engineering and Biotechnology, said: "This research is based on a fundamental understanding of the mechanisms of adhesion forces on rough surfaces. It can help us develop very strong, yet easily detachable, adhesives adaptable to rough surfaces. The technology will be very useful in adhesive grippers and climbing robots and might one day let humans climb walls like a real-life Spider-Man."

It's rubber, it's glue; it remembers its shape and clings on to you

Shape-memory polymers are materials that can hold 'memories' of their previous form and return to their original shape after they have been deformed by applying external stimuli such as heat, light or electrical current. These properties make them ideal to be used as switchable adhesives that can adapt to various surfaces.




In their testing, the researchers used a shape-memory polymer named E44 epoxy, a stiff and glass-like plastic at room temperature. Upon heating, the material turns into a soft rubber-like state that can conform and lock onto microscopic nooks and crevices. As it cools, it becomes glassy, creating extra-strong adhesive bonds due to a shape-locking effect.

When the material is reheated, it reverts to its rubbery state so it can be pulled away and easily detached from the surface it was clinging to.

The researchers found that the most effective adhesion came from designing the shape-memory polymer into an array of hair-like fibrils. Each fibril had to be carefully designed -- larger fibrils had weaker adhesion, while the smaller fibrils were hard to fabricate and prone to collapse and degradation. The sweet spot was between 0.5 mm and 3 mm in radius, pushing the limits of adhesion while retaining structural integrity.

In their experiments, the researchers found that one fibril with a 19.6 mm2 cross-section could support loads up to 1.56 kg. Every additional fibril allows for more weight to be supported. A palm-sized array of 37 fibrils weighing about 30 g can hold a weight of 60 kg -- an adult human's weight.

The research paper's first author, NTU Research Fellow Dr Linghu Changhong, said: "Our smart adhesive exemplifies how shape-memory polymers can maintain and even enhance adhesion as surface roughness increases. This overcomes the 'adhesion paradox', which scientists have been puzzling over, where there is a decrease in adhesion strength on rough surfaces despite having more surface area for molecules to adhere to. Our tests showed that adhesion strength of the polymer increases along with surface roughness when in a solid state and decreases when in the rubbery state."

Co-corresponding author Professor Gao Huajian, formerly a Distinguished University Professor from NTU's School of MAE and currently the Xinghua University Professor at Tsinghua University,said: "For practical gripping purposes, the adhesive needs to be strong enough to stick onto a surface, yet also easily detach when needed. Switching between the two modes is vital for practical applications. Stronger adhesives can support heavier loading but tend to be harder to detach -- this is what we call a 'switchability conflict'. Our research into shape-memory polymers has resulted in an adhesive that can easily harden to stick onto surfaces, and just as easily soften to detach, all the while being able to bear heavy weights including that of a human being."

Professor Hsia added: "The shape-memory polymer adhesives we designed overcome both the adhesion paradox and the switchability conflict, providing guidelines for developing stronger and more switchable adhesives adaptable to rough surfaces."




Paving the way for sticky climbing gear

Detaching the shape-memory polymer while it is attached to a surface in a glass state takes less than a minute of heating using a hair dryer to bring temperatures up to 60degC.Conversely, for attachment, it takes about three minutes for the material to cool down thoroughly and lock into place.

The temperature at which the polymer changes states can be controlled by adjusting the ratios of the components used to form the polymer. This allows the polymer to be used in extreme environments, such as hot weather conditions. In their testing, the researchers set the temperature at which the polymer detaches to 60degC, a temperature that falls outside most comfortable real-world conditions.

This ability of the material to attach and detach using only heat lets it act as a reusable superglue that does not leave behind sticky residue on walls. It can also be used as soft grippers capable of sticking onto objects with diverse surface textures and reliably holding them for extended periods.

Dr Changhong said: "At this current stage, the heating and cooling times, as well as switching temperature, restrict the number of real-world use cases. However, our findings show that reducing the wait times to mere seconds is possible, and the switching temperatures can be lowered to near body temperature, dramatically opening up application possibilities."

"The stimuli to switch the material from one state to another can also be different, such as using electrical current or light instead," he added.

Moving forward, the research team aims to reduce the cooling time required for adhesion. The team envisions that the adhesive might eventually be used in climbing equipment -- such as gloves and boots -- that will allow climbers to stick onto and scale walls. Robots could also be outfitted with the material to create wall-climbing robots, which are useful in many industries such as construction and building surveying.
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Fixin' to be flexitarian: Scrap fish and invasive species can liven up vegetables | ScienceDaily
Most of us have a tough time eating enough veggies. According to the World Economic Forum only one in 10 people in the EU are getting the five portions of fruit and vegetables a day that are recommended both for the sake of health and climate. Which is natural, according to Ole G. Mouritsen, professor emeritus of gastrophysics and culinary food innovation at the University of Copenhagen's Department of Food Science. According to Mouritsen, vegetables just don't taste all that good on their own:


						
"Most people don't change the way they eat just for the sake of the climate. To really get things going, I think that every meal needs to be prepared to satisfy our sense of taste. And, when many people have a hard time eating enough vegetables, it's because vegetables lack the sweetness and umami that we've been evolutionarily encoded to crave."

So, if we are to realize a green transition of our eating habits with diets that are far more plant-based, it might be a good idea to liven up vegetable dishes with more umami -- the basic, brothy taste typically associated with meat. Here, Professor Mouritsen believes that the sea is a low-hanging fruit. Not only does the sea abound with protein, vitamins, minerals and healthy fats, but also in much-coveted umami.

"We overlook the most readily available, and in many cases, most sustainable food sources with umami taste in them -- namely fish, seaweed, shellfish, molluscs and other seafoods. If the right species are chosen, we can use them as climate- and environmentally-friendly protein sources that are also effective umami flavourants for vegetables," says Ole G. Mouritsen.

Using math to quantify umami

In a new scientific research article, Mouritsen uses a mathematical equation to help calculate the power of umami in a wide range of seafoods and demonstrate their great taste potential.

"Umami can be plugged into a formula because we know exactly how the taste receptors in our taste buds pick up on umami at the molecular level. There is a synergistic effect when two substances, glutamate and nucleotides, are present in a food at the same time. Glutamate imparts the basic umami taste, which is then enhanced many times over by nucleotides. This synergy is reflected in the equation," says Mouritsen, whose background is in theoretical physics.




The equation looks like this: EUC = u + u x SN g(N)v(N)

EUC stands for Equivalent Umami Concentration, which is the umami concentration in a food expressed in mg/100 g.

The list of seafoods with large concentrations of umami is long. It includes everything from fish like cod and mackerel, to shellfish and molluscs like shrimp and octopus, to the roe of alaska pollock and blue mussel, to various types of seaweed and on to processed seafood products like anchovy paste and fish sauce.

"There are many possibilities. And while some people will probably debate the formula's accuracy, it doesn't matter. Whether the umami concentration in shrimp, for example, is 9,000 or 13,000 mg/100 g is not critical, as each is much greater than 30 mg/100 g, which is the taste threshold for umami," Mouritsen points out.

Working wonders with the right sauces and dressings

Only a few drops or grams of blue foods are usually needed to elevate vegetable dishes to something that satisfies our inherited umami craving.




"Fish sauce and shrimp paste are obvious choices that some may already have in their kitchens or be familiar with from Asian cuisine. You can easily make sauces, dressings and marinades with them that elevate the taste above the threshold which brings out the umami in a vegetable dish," says Ole G. Mouritsen.

While it is easy for people preparing food in their kitchens at home to take part, it is first and foremost the professionals that Ole G. Mouritsen seeks to enlist.

"I've worked with chefs who have no problem preparing dishes where there is no compromise in taste, even when only a few grams of animal protein are present. It's a question of knowledge. And as scientists, we have a duty to share our knowledge," says the professor, who adds:

"Globally, many millions of meals are prepared daily outside the home -- in canteens, hospitals, by meal delivery and recipe box services, in restaurants and in other contexts. It's the chefs, nutrition assistants and other culinary artisans who make the meals that, with the right knowledge, can move things forward."

We should be flexitarian

Professor Mouritsen believes that flexitarian diets are a more viable option than today's focus on replicating meat products using plants:

"I think we need to be more flexitarian. We need to get used to having a lot more vegetables and much less animal-derived fare on our plates. But in terms of taste, nothing should be absent. Therefore, my vision is that we add something from the animal kingdom that really boosts taste, so that we can make do with very small amounts -- but enough to provide flavours that vegetables can't," says Mouritsen. He continues:

"Here, it is obvious to use raw materials from the sea that can be sustainably made the most of. This includes species that are not overfished, species that are wasted as bycatch, or species that are not consumed by humans."

He emphasizes that it should be up to other professionals to determine which species are sustainable to use. While many fish species are overfished and a great deal of fish farming is environmentally harmful, the production of 'blue foods' sourced in marine and other aquatic environments is often far more sustainable than the production of land-based meat and plant protein, which often require large inputs of water and energy.

WHERE UMAMI COMES FROM

There are only a few instances in which animal sources can be avoided when out to produce umami without fermentation. One exception is mushrooms, the other is a range of algae -- including some of the larger seaweed species. Furthermore, umami is found in a few ripe fruits, such as tomato.

Mouritsen provides a scientific explanation for the abundance of umami in the animal kingdom:

"Just as there is a scientific reason for why plants lack umami, there is also a reason why the animal kingdom is the best supplier of umami and umami synergy. The substances that create umami are something that muscles use and are therefore absent in plants. When nucleic acids -- the substances responsible for energy in muscles -- are broken down, they produce substances called nucleotides. When these are combined with substances from proteins, such as glutamate, umami synergy is created."

SEAFOOD IS 'BRAIN FOOD'

Seafood offers yet another distinct advantage over entirely plant-based diets according to Professor Mouritsen:

"Many of the essential nutrients in seafood are not found in plants -- including vitamin B12. And one of the most important are polyunsaturated fats, which are created by algae, way down at the bottom of the food chain. Fish, shellfish and molluscs absorb these fats by eating animals that eat other animals that have eaten algae. These fats are very important for our nervous system and brain." MAKE UMAMI LIKE THE ANCIENT GREEKS

Many people know fish sauce from Asian cuisines, where it is used to endow dishes with umami. But Europe too once had a tradition of using fish sauce to impart extra flavor. Garum was used in nearly all ancient Greek and Roman dishes. It was often mixed with other ingredients, including honey. This garum was known as meligarum and consists of:
    	1 part fish sauce
    	2 parts honey
    	2 parts citrus juice

One quick use of meligarum is as a dressing or marinade for pointed cabbage or broccoli.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240429103026.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



T. Rex not as smart as previously claimed | ScienceDaily
Dinosaurs were as smart as reptiles but not as intelligent as monkeys, as former research suggests.


						
An international team of palaeontologists, behavioural scientists and neurologists have re-examined brain size and structure in dinosaurs and concluded they behaved more like crocodiles and lizards.

In a study published last year, it was claimed that dinosaurs like T. rex had an exceptionally high number of neurons and were substantially more intelligent than assumed. It was claimed that these high neuron counts could directly inform on intelligence, metabolism and life history, and that T. rex was rather monkey-like in some of its habits. Cultural transmission of knowledge as well as tool use were cited as examples of cognitive traits that it might have possessed.

However the new study, published today in The Anatomical Record, involving the University of Bristol's Hady George, Dr Darren Naish (University of Southampton) and led by Dr Kai Caspar (Heinrich Heine University) with Dr Cristian Gutierrez-Ibanez (University of Alberta) and Dr Grant Hurlburt (Royal Ontario Museum) takes a closer look at techniques used to predict both brain size and neuron numbers in dinosaur brains. The team found that previous assumptions about brain size in dinosaurs, and the number of neurons their brains contained, were unreliable.

The research follows decades of analysis in which palaeontologists and biologists have examined dinosaur brain size and anatomy, and used these data to infer behaviour and lifestyle. Information on dinosaur brains comes from mineral infillings of the brain cavity, termed endocasts, as well as the shapes of the cavities themselves.

The team found that their brain size had been overestimated -- especially that of the forebrain -- and thus neuron counts as well. In addition, they show that neuron count estimates are not a reliable guide to intelligence.

To reliably reconstruct the biology of long-extinct species, the team argues, researchers should look at multiple lines of evidence, including skeletal anatomy, bone histology, the behaviour of living relatives, and trace fossils. "Determining the intelligence of dinosaurs and other extinct animals is best done using many lines of evidence ranging from gross anatomy to fossil footprints instead of relying on neuron number estimates alone," explained Hady from Bristol's School of Earth Sciences.

Dr Kai Caspar explained: "We argue that it's not good practice to predict intelligence in extinct species when neuron counts reconstructed from endocasts are all we have to go on."

"Neuron counts are not good predictors of cognitive performance, and using them to predict intelligence in long-extinct species can lead to highly misleading interpretations," added Dr Ornella Bertrand (Institut Catala de Paleontologia Miquel Crusafont).

"The possibility that T. rex might have been as intelligent as a baboon is fascinating and terrifying, with the potential to reinvent our view of the past," concluded Dr Darren Naish. "But our study shows how all the data we have is against this idea. They were more like smart giant crocodiles, and that's just as fascinating."
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Probing the effects of interplanetary space on asteroid Ryugu | ScienceDaily
Samples reveal evidence of changes experienced by the surface of asteroid Ryugu, some probably due to micrometeoroid bombardment.


						
Analyzing samples retrieved from the asteroid Ryugu by the Japanese Space Agency's Hayabusa2 spacecraft has revealed new insights into the magnetic and physical bombardment environment of interplanetary space. The results of the study, carried out by Professor Yuki Kimura at Hokkaido University and co-workers at 13 other institutions in Japan, are published in the journal Nature Communications.

The investigations used electron waves penetrating the samples to reveal details of their structure and magnetic and electric properties, a technique called electron holography.

Hayabusa2 reached asteroid Ryugu on 27 June 2018, collected samples during two delicate touchdowns, and then returned the jettisoned samples to Earth in December 2020. The spacecraft is now continuing its journey through space, with plans for it to observe two other asteroids in 2029 and 2031.

One advantage of collecting samples directly from an asteroid is that it allows researchers to examine long-term effects of its exposure to the environment of space. The 'solar wind' of high energy particles from the sun and bombardment by micrometeoroids cause changes known as space-weathering. It is impossible to study these changes precisely using most of the meteorite samples that land naturally on Earth, partly due to their origin from the internal parts of an asteroid, and also due to the effects of their fiery descent through the atmosphere.

"The signatures of space weathering we have detected directly will give us a better understanding of some of the phenomena occurring in the Solar System," says Kimura. He explains that the strength of the magnetic field in the early solar system decreased as planets formed, and measuring the remnant magnetization on asteroids can reveal information about the magnetic field in the very early stages of the solar system.

Kimura adds, "In future work, our results could also help to reveal the relative ages of surfaces on airless bodies and assist in the accurate interpretation of remote sensing data obtained from these bodies."

One particularly interesting finding was that small mineral grains called framboids, composed of magnetite, a form of iron oxide, had completely lost their normal magnetic properties. The researchers suggest this was due to collision with high velocity micrometeoroids between 2 and 20 micrometers in diameter. The framboids were surrounded by thousands of metallic iron nanoparticles. Future studies of these nanoparticles will hopefully reveal insights into the magnetic field that the asteroid has experienced over long periods of time.

"Although our study is primarily for fundamental scientific interest and understanding, it could also help estimate the degree of degradation likely to be caused by space dust impacting robotic or manned spacecraft at high velocity," Kimura concludes.
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The end of the quantum tunnel | ScienceDaily
Quantum mechanical effects such as radioactive decay, or more generally: 'tunneling', display intriguing mathematical patterns. Two researchers at the University of Amsterdam now show that a 40-year-old mathematical discovery can be used to fully encode and understand this structure.


						
Quantum physics -- easy and hard

In the quantum world, processes can be separated into two distinct classes. One class, that of the so-called 'perturbative' phenomena, is relatively easy to detect, both in an experiment and in a mathematical computation. Examples are plentiful: the light that atoms emit, the energy that solar cells produce, the states of qubits in a quantum computer. These quantum phenomena depend on Planck's constant, the fundamental constant of nature that determines how the quantum world differs from our large-scale world, but in a simple way. Despite the ridiculous smallness of this constant -- expressed in everyday units of kilograms, metres and seconds it takes a value that starts at the 34th decimal place after the comma -- the fact that Planck's constant is not exactly zero is enough to compute such quantum effects.

Then, there are the 'nonperturbative' phenomena. One of the best known is radioactive decay: a process where due to quantum effects, elementary particles can escape the attractive force that ties them to atomic nuclei. If the world were 'classical' -- that is, if Planck's constant were exactly zero -- this attractive force would be impossible to overcome. In the quantum world, decay does occur, but still only occasionally; a single uranium atom, for example, would on average take over four billion years to decay. The collective name for such rare quantum events is 'tunneling': for the particle to escape, it has to 'dig a tunnel' through the energy barrier that keeps it tied to the nucleus. A tunnel that can take billions of years to dig, and makes The Shawshank Redemption look like child's play.

Mathematics to the rescue

Mathematically, nonperturbative quantum effects are much more difficult to describe than their perturbative cousins. Still, over the century that quantum mechanics has existed, physicists have found many ways to deal with these effects, and to describe and predict them accurately. "Still, in this century-old problem, there was work left to be done," says Alexander van Spaendonck, one of the authors of the new publication. "The descriptions of tunneling phenomena in quantum mechanics needed further unification -- a framework in which all such phenomena could be described and investigated using a single mathematical structure."

Surprisingly, such a structure was found in 40-year-old mathematics. In the 1980s, French mathematician Jean Ecalle had set up a framework that he dubbed resurgence, and that had precisely this goal: giving structure to nonperturbative phenomena. So why did it take 40 years for the natural combination of Ecalle's formalism and the application to tunneling phenomena to be taken to their logical conclusion? Marcel Vonk, the other author of the publication, explains: "Ecalle's original papers were lengthy -- over 1000 pages all combined -- highly technical, and only published in French. As a result, it took until the mid-2000s before a significant number of physicists started getting familiar with this 'toolbox' of resurgence. Originally, it was mostly applied to simple 'toy models', but of course the tools were also tried on real-life quantum mechanics. Our work takes these developments to their logical conclusion."

Beautiful structure




That conclusion is that one of the tools in Ecalle's toolbox, that of a 'transseries', is perfectly suited to describe tunneling phenomena in essentially any quantum mechanics problem, and does so always in the same way. By spelling out the mathematical details, the authors found that it became possible not only to unify all tunneling phenomena into a single mathematical object, but also to describe certain 'jumps' in how big the role of these phenomena is -- an effect known as Stokes' phenomenon.

Van Spaendonck: "Using our description Stokes' phenomenon, we were able to show that certain ambiguities that had plagued the 'classical' methods of computing nonperturbative effects -- infinitely many, in fact -- all dropped out in our method. The underlying structure turned out to be even more beautiful than we originally expected. The transseries that describes quantum tunneling turns out to split -- or 'factorize' -- in a surprising way: into a 'minimal' transseries that describes the basic tunneling phenomena that essentially exist in any quantum mechanics problem, and an object that we called the 'median transseries' that describes the more problem-specific details, and that depends for example on how symmetric a certain quantum setting is."

With this mathematical structure completely clarified, the next question is of course where the new lessons can be applied and what physicists can learn from them. In the case of radioactivity, for example, some atoms are stable whereas others decay. In other physical models, the lists of stable and unstable particles may vary as one slightly changes the setup -- a phenomenon known as 'wall-crossing'. What the researchers have in mind next is to clarify this notion of wall-crossing using the same techniques. This difficult problem has again been studied by many groups in many different ways, but now a similar unifying structure might be just around the corner. There is certainly light at the end of the tunnel.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/04/240426165224.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Test reveals mice think like babies | ScienceDaily

Kishore Kuchibhotla, a Johns Hopkins University neuroscientist who studies learning in humans and animals, and who has long worked with mice, wondered why rodents often performed poorly in tests when they knew how to perform well. With a simple experiment, and by acting as "a little bit of a mouse psychologist," he and his team figured it out.

"It appears that a big part of this gap between knowledge and performance is that the animal is engaging in a form of exploration -- what the animal is doing is very clever," he said. "It's hard to say animals are making hypotheses, but our view is that animals, like humans, can make hypotheses and they can test them and may use higher cognitive processes to do it."

The work, which deepens our understanding of animal cognition, and could lead to identifying the neural basis for strategizing, published in Current Biology.

Kuchibhotla's lab previously found that animals know a lot more about tasks than they demonstrate in tests. The team had two theories about what could be behind this gap. Either the mice were making mistakes because they were stressed, or they were doing something more purposeful: exploring and testing their knowledge.

To figure it out Kuchibhotla and Ziyi Zhu, a graduate student studying neuroscience, came up with a new experiment.

Mice heard two sounds. For one sound they were supposed to turn a wheel to the left. For the other sound, they'd turn the wheel to the right. When the mice performed correctly they were rewarded.




The researchers observed how upon hearing either sound over consecutive trials, the mice would turn the wheel left for a bit, then switch to turning it right, seemingly making mistakes but actually being purposeful.

"We find that when the animal is exploring, they engage in a really simple strategy, which is, 'I'm going to go left for a while, figure things out, and then I'm going to switch and go right for a while,'" Kuchibhotla said. "Mice are more strategic than some might believe."

Zhu added, "Errors during animal learning are often considered as mistakes. Our work brings new insight that not all errors are the same."

The team learned even more about the rodents' actions by taking the reward out of the equation.

When a mouse performed correctly and wasn't rewarded, it immediately doubled down on the correct response when retested.

"If the animal has an internal model of the task, the lack of reward should violate its expectation. And if that's the case, it should affect the behavior on subsequent trials. And that's exactly what we found. On subsequent trials the animal just does a lot better," Kuchibhotla said. "The animal is like, 'Hey, I was expecting to be rewarded, I wasn't, so let me test my knowledge, let me use the knowledge I have and see if it's correct.'"

If the animal didn't have an internal model of the task, there would be no expectations to violate and the mice would keep performing poorly.




"At a very early time in learning the animal has an expectation and when we violate it, it changes its strategy," Kuchibhotla said. "It was surprisingly strategic."

This mouse strategizing is comparable to how nonverbal human babies learn. Both are highly exploratory and both may test hypotheses in various ways, Kuchibhotla said.

During the experiments Kuchibhotla said he became "a little bit of a mouse psychologist" to interpret their behavior. Like working with a nonverbal infant, he and Zhu had to infer the underlying mental processes from the behavior alone.

"That's what was really fun in this project, trying to figure out what the mouse is thinking," he said. "You have to think about it from the perspective of the animal."

Next the team hopes to determine the neural basis for strategic thinking, and how those strategies might compare across different animals.
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Ancient Maya blessed their ballcourts | ScienceDaily
For sports fans, places like Fenway Park, Wembley Stadium or Wimbledon's Centre Court are practically hallowed ground.


						
Archaeologists at the University of Cincinnati found evidence of similar reverence at ballcourts built by the ancient Maya in Mexico.

Using environmental DNA analysis, researchers were able to identify a collection of plants used in ceremonial rituals in the ancient Maya city of Yaxnohcah. The plants, known for their religious associations and medicinal properties, were discovered beneath a plaza floor upon which a ballcourt was built.

Researchers said the ancient Maya likely made a ceremonial offering during the ballcourt's construction.

"When they erected a new building, they asked the goodwill of the gods to protect the people inhabiting it," UC Professor David Lentz said. "Some people call it an ensouling ritual, to get a blessing from and appease the gods."

The study was published in the journal PLOS ONE.

The research was carried out through Mexico's National Institute of Anthropology and History in collaboration with researchers from the University of Calgary, the Autonomous University of Campeche and the National Autonomous University of Mexico.




Researchers from 2016 to 2022 worked at Yaxnohcah in Campeche about 9 miles north of the border of Guatemala, where they excavated a small area of a ballcourt.

The ancient Maya played several ball games, including pok-a-tok, which has rules similar to soccer and basketball. Players tried to get a ball through a ring or hoop on a wall.

UC Professor Emeritus Nicholas Dunning said when buildings were expanded or repurposed, as with the ballcourt, the ancient Maya made offerings to bless the site. Archaeologists sometimes find ceramics or jewelry in these offerings along with plants of cultural significance.

"We have known for years from ethnohistorical sources that the Maya also used perishable materials in these offerings, but it is almost impossible to find them archaeologically, which is what makes this discovery using eDNA so extraordinary," Dunning said.

Ancient plant remains are rarely discovered in tropical climates, where they decompose quickly. But using environmental DNA, researchers were able to identify several types known for their ritual significance.

They discovered evidence of a morning glory called xtabentun, known for its hallucinogenic properties, lancewood, chili peppers and jool, the leaves of which were used to wrap ceremonial offerings.




Botanist and UC Associate Professor Eric Tepe said finding evidence of these plants together in the same tiny sediment sample is telling. He has studied modern plants in the same forests once traveled by the ancient Maya.

"I think the fact that these four plants which have a known cultural importance to the Maya were found in a concentrated sample tells us it was an intentional and purposeful collection under this platform," Tepe said.

Researchers noted the challenge of trying to interpret a collection of plants through the opaque lens of 2,000 years of prehistory. But Lentz said the findings help add to the story of this sophisticated culture.

Researchers believe the ancient Maya devised water filtration systems and employed conservation-minded forestry practices. But they were helpless against years-long droughts and also are believed to have deforested vast tracts for agriculture.

"We see the yin and yang of human existence in the ancient Maya," Lentz said. "To me that's why they're so fascinating."
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Barley plants fine-tune their root microbial communities through sugary secretions | ScienceDaily
Different types of barley recruit distinct communities of soil microbes to grow around their roots by releasing a custom mix of sugars and other compounds, according to a new study led by Jacob Malone of the John Innes Center, UK, publishing April 25 in the open-access journal PLOS Biology.


						
Beneficial soil microbes that live on or around plant roots can provide nutrition, help the plant withstand stress and protect it from pathogenic microbes. In return, the plant secretes a portion of the sugars it makes through photosynthesis, along with amino acids and other metabolites, into the surrounding environment. The composition of soil microbes that a plant attracts can vary widely, depending on what kinds of compounds the plant provides.

In the new study, researchers took a closer look at the relationship between a plant's genetics and its root microbes. They analyzed the microbiomes from two types of barley plants -- a modern type named Tipple, and a traditional one, named Chevallier. The two barley types each had an overlapping core group of microbes associated with their roots, but with some distinct differences in the overall communities.

One common group of root microbes -- the Pseudomonas genus -- was especially abundant around Tipple roots. The researchers discovered that this is because Tipple plants secrete large amounts of sugars called hexoses (such as glucose or fructose), which Pseudomonas especially like to eat. They also observed differences in gene activity between the two barley types that helped explain the variation in their root communities. When researchers tried to swap the microbial communities between the two plant types, each barley variety grew better when exposed to its original community.

The new findings suggest that plants can fine-tune the population of microbes colonizing its root zone, which can have important outcomes for plant health. While these findings came from plants grown in greenhouses, researchers said that determining the extent to which these differences occur in barley growing in farm fields will be a key challenge for future research.

The authors add, "Our research shows that different barley varieties recruit distinct microbial communities from the soil, based on the sugars and other nutrients they secrete from their roots. These microbes help some varieties to grow but not others, suggesting that breeding cereals to recruit beneficial, growth promoting microbes may be possible in the future."
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