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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.


      
        Musankwa sanyatiensis, a new dinosaur from Zimbabwe
        Fossils found on the shoreline of Lake Kariba in Zimbabwe represent a completely new dinosaur species. This remarkable find, named Musankwa sanyatiensis, marks only the fourth dinosaur species named from Zimbabwe.

      

      
        First hints of memory problems associated with changes in the brain
        People who report early memory problems and whose partners also suspect they have memory problems have higher levels of tau tangles in the brain, a biomarker associated with Alzheimer's disease.

      

      
        Grow the skin you're in: In vivo generation of chimeric skin grafts
        Researchers found that mutated mouse embryos showing an abnormal epidermal differentiation and injected with mouse pluripotent stem cells grew large patches of mature epidermis derived from the donor cells that survived transplantation to adult mice and grew natural-looking fur. Injecting the embryos with human keratinoctyes produced sheets of semi-humanized skin, suggesting that this system could be developed further to grow autologous skin grafts for treating severe skin wounds.

      

      
        Modular, scalable hardware architecture for a quantum computer
        Researchers demonstrated a scalable, modular hardware platform that integrates thousands of interconnected qubits onto a customized integrated circuit. This 'quantum-system-on-chip' (QSoC) architecture enables them to precisely tune and control a dense array of qubits.

      

      
        Editing without 'cutting': Molecular mechanisms of new gene-editing tool revealed
        New research has determined the spatial structure of various processes of a novel gene-editing tool called 'prime editor.' Functional analysis based on these structures also revealed how a 'prime editor' could achieve reverse transcription, synthesizing DNA from RNA, without 'cutting' both strands of the double helix. Clarifying these molecular mechanisms contributes greatly to designing gene-editing tools accurate enough for gene therapy treatments.

      

      
        Graphene gets cleaned up
        Engineers establish the link between oxygen and graphene quality and present an oxygen-free chemical vapor deposition method (OF-CVD) that can reproducibly create high-quality samples for large-scale production. The graphene they synthesized with their new method proved nearly identical to exfoliated samples and was capable of producing the fractional quantum Hall effect.

      

      
        Chicken feathers to deliver chemotherapy drugs and repair enzymes
        A new method of drug delivery using proline, an amino acid found in chicken feathers and skin tissue, could be used to limit the side effects of chemotherapy and repair important enzymes, new research suggests.

      

      
        Menstrual periods are arriving earlier for younger generations, especially among racial minority and lower-income individuals
        The average age at menarche -- the first menstrual period -- has been decreasing among younger generations in the U.S., especially those belonging to racial minorities and lower socioeconomic statuses, according to a new study. It also found that the average time it takes for the menstrual cycle to become regular is increasing.

      

      
        Acute sense of touch helps hummingbirds hover near a flower without bumping into it
        Hummingbird flight mechanics have been well studied but far less is known about how their sense of touch helps them sip nectar from a flower without bumping into it. Most of what scientists know about how touch is processed in the brain comes from studies on mammals, but bird brains are very different from mammal brains. New research shows that touch and air pressure on the wings and legs activate specific clusters of neurons in two regions of the forebrain to create a map of their body, which ma...

      

      
        Complete X and Y chromosome sequences of living great ape species determined
        Newly generated, complete genomes for the sex chromosomes of six primate species may inform conservation of these endangered species and shed light on sex-related genetic diseases in both humans and our closest living relatives.

      

      
        Moon orbiting 'dinky' asteroid is actually two tiny moons stuck together
        The moon orbiting the asteroid Dinkinesh is actually two tiny moons stuck together. Collectively called 'Selam,' the two moonlets bring new insight into the complex processes behind planetary formation and evolution.

      

      
        New antibiotic kills pathogenic bacteria, spares healthy gut microbes
        Researchers have developed a new antibiotic that reduced or eliminated drug-resistant bacterial infections in mouse models of acute pneumonia and sepsis while sparing healthy microbes in the mouse gut. The drug, called lolamicin, also warded off secondary infections with Clostridioides difficile, a common and dangerous hospital-associated bacterial infection, and was effective against more than 130 multidrug-resistant bacterial strains in cell culture.

      

      
        The case of the missing black holes
        Researchers have applied the well-understood and highly verified quantum field theory, usually applied to the study of the very small, to a new target, the early universe. Their exploration led to the conclusion that there ought to be far fewer miniature black holes than most models suggest, though observations to confirm this should soon be possible. The specific kind of black hole in question could be a contender for dark matter.

      

      
        AI helps medical professionals read confusing EEGs to save lives
        Researchers have developed an assistive machine learning model that greatly improves the ability of medical professionals to read the electroencephalography (EEG) charts of intensive care patients. Because EEG readings are the only method for knowing when unconscious patients are in danger of suffering a seizure or are having seizure-like events, the computational tool could help save thousands of lives each year.

      

      
        Drug resistance discovery could 'move the field forward' for breast cancer treatment
        New research has revealed a previously unknown biological process through which breast tumor cells develop resistance to standard treatment, which could open the door for cancer scientists around the world to further target this vulnerability in hopes of creating more effective therapies for disease. Additionally, the research team tested a promising drug in combination with an existing therapy that achieved total remission in one breast cancer model that was resistant to the standard of care, an...

      

      
        Electrochromic films -- like sunglasses for your windows?
        Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red...

      

      
        Chocolate's tasty flavors might pose a risk in other desserts
        What makes chocolate taste and smell so delicious? Chemistry, of course! A variety of molecules work together to create that unmistakable aroma, but those same molecules might carry some unwanted health effects if there are too many around. While many of the compounds appeared in chocolate in low enough concentrations to be safe, higher amounts were found in some baked sweet treats.

      

      
        Risky path to meeting climate targets for Stockholm
        The Swedish capital Stockholm aims to capture more carbon dioxide than is emitted by 2030. Therefore, the city is investing in new technology at a combined heat and power plant. But it is a strategy that has been adopted without sufficient discussion of the risks.

      

      
        New research approach: Exploring the mouthfeel of food with a microscope
        A new perspectives article focuses on different ways to study the mouthfeel of food using atomic force microscopy to better understand the biophysical mechanisms that contribute to taste sensations in a broader sense. New findings in this area could drive the development of health-promoting products that contain less salt, fat, sugar and calories but still have a convincing mouthfeel.

      

      
        Researchers create materials with unique combo of stiffness, thermal insulation
        Researchers have demonstrated the ability to engineer materials that are both stiff and capable of insulating against heat. This combination of properties is extremely unusual and holds promise for a range of applications, such as the development of new thermal insulation coatings for electronic devices.

      

      
        Researchers improve satellite surveillance of emperor penguins
        New phenological and behavioral models will help scientists collect more accurate counts of emperor penguins. Emperor penguins are at the top of the food web. They are a reflection of how lower levels of the marine food web are being impacted by climate change. Systematic data collection on the biological component of ecosystems is still in its infancy, especially in harsh environments, in which consistent and repeatable research is particularly hard to achieve.

      

      
        More than just social media use may be causing depression in young adults, study shows
        Over the past few decades, there has been a significant increase in the prevalence of depression in adolescents and young adults -- and a simultaneous uptick in the inclusion of technology and social media in everyday life. In a new study, researchers investigated the association among social media use, depression and other health-related behaviors of young adults over time.

      

      
        What makes some plant groups so successful?
        Researchers involved in cataloguing the world's plant species are hunting for answers as to what makes some groups of plants so successful. One of their major goals is to predict more accurately which lineages of flowering plants -- some of which are of huge importance to people and to ecosystems -- are at a greater risk from global climate change.

      

      
        Orchids support seedlings through 'parental nurture' via shared underground fungal networks
        Orchid plants nurture their seedlings via an underground fungal network, new research has revealed.

      

      
        Aerosol pollution, greenhouse gases must be reduced simultaneously to keep forest fires in check
        If we want cleaner air, fewer forest fires, and less severe climate change, a new study shows we must reduce aerosol pollution and greenhouse gases like carbon dioxide at the same time.

      

      
        Quality over quantity for screen time -- study
        It is what we are looking at, rather than how much time we are spending our time online that influences our health and wellbeing, according to a new report. The study is a comprehensive examination of the latest scientific evidence on screen time and mental health.

      

      
        Fatal attraction: When endangered species try to mate with domestic relatives, both wildlife and people lose
        Sticks and stones aren't enough to thwart biological attraction, but sometimes those are the only tools available to pastoralists trying to prevent wildlife from eloping with their livestock. A new study brings awareness to both the human impacts of these encounters -- ranging from economic loss to death -- and conservation concerns for the wild animals that are often endangered.

      

      
        Could a medicated foam make gene therapies more accessible?
        Bioengineers report that a foaming liquid worked better than a standard liquid formulation at transferring gene therapy components to cells in laboratory studies.

      

      
        New technique offers more precise maps of the Moon's surface
        A new study may help redefine how scientists map the surface of the Moon, making the process more streamlined and precise than ever before.

      

      
        Scent detection dogs discern odour molecules better than previously thought
        According to a recent study, dogs trained to detect scent may be able to identify significantly lower concentrations of odour molecules than has previously been documented.

      

      
        Heart healthy behaviors may help reverse rapid cell aging
        The benefits gained with higher lifestyle scores may be associated with the positive influence of heart disease risk factors on the aging of the body and its cells, finds a new study in the Journal of the American Heart Association

      

      
        Hitting the target with non-invasive deep brain stimulation: Potential therapy for addiction, depression, and OCD
        Researchers have successfully tested a novel technique for probing deep into the human brain, without surgery, for potential therapeutic purposes. In the rapidly evolving field of neuroscience, non-invasive brain stimulation is a new hope for understanding and treating a myriad of neurological and psychiatric conditions without surgical intervention or implants.

      

      
        Health risk from global warming predictor of city climate action during COVID-19, study finds
        City officials were more likely to maintain climate action during the pandemic in places with more climate-related health issues affecting residents.

      

      
        Public have no difficulty getting to grips with an extra thumb, study finds
        Researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects. The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

      

      
        Wild megalopolis: Study shows unexpected pockets of biodiversity pepper Los Angeles
        Researchers, in partnership with the city of Los Angeles, have developed the urban association index to help identify how well or poorly individual wildlife species are doing in the city. The researchers found unexpected pockets of biodiversity deep in the city, but they say it will still be a challenge to elevate Los Angeles' overall level of biodiversity.

      

      
        Bird flu: Diverse range of vaccines platforms 'crucial' for enhancing human pandemic preparedness
        Review of research to-date suggests vaccination remains the most effective strategy for avian influenza prevention and control in humans, despite varying vaccine efficacy across strains.

      

      
        Marine Protected Areas don't line up with core habitats of rare migratory fish, finds new research
        62% of Marine Protected Areas (MPAs) designated to protect rare migratory fish species are outside of their core habitats, according to a new modeling study.

      

      
        Intermittent fasting shows promise in improving gut health, weight management
        Participants following an intermittent fasting and protein-pacing regimen, which involves evenly spaced protein intake throughout the day, saw better gut health, weight loss and metabolic responses. These benefits were notably greater than those seen with simple calorie restriction. The findings could advance our understanding of the relationship between the gut microbiome and metabolism and improve strategies for managing obesity.

      

      
        Scientists identify gene that could lead to resilient 'pixie' corn
        A widely found gene in plants has been newly identified as a key transporter of a hormone that influences the size of corn. The discovery offers plant breeders a new tool to develop desirable dwarf varieties that could enhance the crop's resilience and profitability.

      

      
        Altering cancer treatment dosing could reduce climate impact, study finds
        Changing how often a popular cancer therapy is delivered would reduce greenhouse gas emissions and improve environmental impact without decreasing cancer survival, according to a new analysis.

      

      
        New deep learning model is 'game changer' for measuring embryo development
        A new deep learning model performs a task that biologists have struggled with for centuries -- how to measure the incredibly complex process of embryonic development. Scientists have shown that the AI model, known as Dev-ResNet, can identify what happens and when during embryonic development, from video. While used in pond snail embryos for this study, in future the technique could be used to help accelerate understanding on how climate change, and other external factors, affect humans and animal...

      

      
        Smarter foragers do not forage smarter
        Why do primates have big brains? In the Panamanian rainforest, scientists pitted large-brained primates against smaller-brained mammals to find out who was the smartest forager.

      

      
        Optimal cancer-killing t cells discovered
        A team of cancer researchers has discovered a new subset of T cells that may improve the outcome for patients treated with T-cell therapies.

      

      
        Circadian clock can be leveraged to enhance cancer immunotherapy
        A multidisciplinary research team has revealed that the circadian clock -- the biological pacemaker that governs daily rhythms in physiological processes, including immune functions -- can be leveraged to enhance the efficacy of checkpoint inhibitor cancer therapy. Checkpoint inhibitors block different proteins from binding to tumor cells, allowing the immune system's T cells to kill the tumor.

      

      
        A unified account of Darwinism's varieties
        A new article examines the question of what Darwinism is and how its nonscientific uses relate to the scientific theory of evolution. The authors observe that while some people claim Darwinism's meaning should be limited to scientific content, others call for its abolition altogether. The authors propose a unified account of these varieties of Darwinism.

      

      
        Cell-targeting technology allows researchers to isolate neuronal subpopulations and link them to behavioral states
        Scientists have designed an intersectional technique for precisely targeting subpopulations of cells and parsing out specific functions.

      

      
        When should you neuter or spay your dog?
        A new study updates guidelines for when you should neuter or spay your dog to prevent increased risk of cancer or joint disorders.

      

      
        Mechanisms for selective multiple sclerosis treatment strategy
        Researchers have demonstrated how B cells infected with the Epstein-Barr virus (EBV) can contribute to a pathogenic, inflammatory phenotype that contributes to multiple sclerosis (MS); the group has also shown how these problematic B cells can be selectively targeted in a way that reduces the damaging autoimmune response of multiple sclerosis.

      

      
        'Cloaked' proteins deliver cancer-killing therapeutics into cells
        Scientists have designed a way to 'cloak' proteins in a generalized technique that could lead to repurposing things like antibodies for biological research and therapeutic applications.

      

      
        Is it a sound of music...or of speech? Scientists uncover how our brains try to tell the difference
        Music and speech are among the most frequent types of sounds we hear. But how do we identify what we think are differences between the two? An international team of researchers mapped out this process through a series of experiments -- yielding insights that offer a potential means to optimize therapeutic programs that use music to regain the ability to speak in addressing aphasia.
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Musankwa sanyatiensis, a new dinosaur from Zimbabwe | ScienceDaily
Fossils found on the shoreline of Lake Kariba in Zimbabwe represent a completely new dinosaur species. This remarkable find, named Musankwa sanyatiensis, marks only the fourth dinosaur species named from Zimbabwe. The research detailing this significant discovery is set to be published in the journal Acta Palaeontologica Polonica. The study was conducted by an international team of scientists from the University of the Witwatersrand (Wits) in South Africa, the Natural History Museum of Zimbabwe, Stony Brook University in New York and was led by Prof Paul Barrett from the Natural History Museum in London.


						
The discovery of Musankwa sanyatiensis is particularly significant as it is the first dinosaur to be named from the Mid-Zambezi Basin of northern Zimbabwe in over 50 years. Additionally, it is only the fourth dinosaur to be named from Zimbabwe, following the descriptions of "Syntarsus" rhodesiensis in 1969, Vulcanodon karibaensis in 1972, and, most recently, Mbiresaurus raathi in 2022.

The rocks yielding this new specimen date back to the Late Triassic period, approximately 210 million years ago. Musankwa sanyatiensis is represented by the remains of a single hind leg, including its thigh, shin, and ankle bones. "Despite the limited fossil material, these bones possess unique features that distinguish them from those of other dinosaurs living at the same time," says Dr Kimberley 'Kimi' Chapelle, assistant professor at Stony Brook University and an honorary associate at the Evolutionary Studies Institute at Wits.

The discovery was named Musankwa sanyatiensis after the houseboat "Musankwa." In the Tonga dialect, "Musankwa" means "boy close to marriage." This vessel served as the research team's home and mobile laboratory during two field expeditions to Lake Kariba in 2017 and 2018. The vessel was made available to the research team through the generosity of David and Julie Glynn, and the crew -- Coster Katupu, Godfrey Swalika, Simbarashe Mangoroma, and Never Mapira -- who provided essential logistic support.

Evolutionary analysis reveals that Musankwa sanyatiensis was a member of the Sauropodomorpha, a group of bipedal, long-necked dinosaurs that were widespread during the Late Triassic. Interestingly, this dinosaur appears to be closely related to contemporaries in South Africa and Argentina. Weighing in at around 390 kg, the plant-eating Musankwa sanyatiensis was one of the larger dinosaurs of its era.

Africa has a long history of dinosaur discovery, with the first dinosaur in the southern hemisphere found in South Africa just three years after the term "dinosaur" was coined by Sir Richard Owen in 1842. However, most known dinosaur fossils have been found in just 10 countries, particularly in the northern hemisphere, leading to a sparse representation of African dinosaur diversity in the global fossil record. "The main reason for the underrepresentation of African dinosaur fossils is 'undersampling'," says Barrett. "Put simply, there have been fewer people looking for and unearthing dinosaurs in comparison with other regions of the world," he notes.

Despite the fewer discoveries in Africa, many of these fossils are historically and scientifically significant. These include some of the oldest dinosaurs like Nyasasaurus parringtoni from Tanzania and Mbiresaurus raathi from Zimbabwe, as well as rich dinosaur faunas from South Africa, Tanzania, Niger, and Morocco.

The Late Triassic-Early Jurassic sediments of Zimbabwe are crucial for understanding the End-Triassic extinction, a catastrophic event that dramatically reshaped Earth's biodiversity around 200 million years ago. These different layers provide insights into how different fossil-bearing sediments around the world correspond in age and help in piecing together the global picture of prehistoric life.

This new dinosaur species also highlights the untapped potential of the region for further paleontological discoveries. Barrett elaborates: "Over the last six years, many new fossil sites have been recorded in Zimbabwe, yielding a diverse array of prehistoric animals, including the first sub-Saharan mainland African phytosaurs (ancient crocodile-like reptiles), metoposaurid amphibians (giant armoured amphibians), lungfish, and other reptile remains."

As more fossil sites are explored and excavated, there is hope for uncovering further significant finds that will shed light on the early evolution of dinosaurs and the ecosystems they inhabited. "Based on where it sits on the dinosaur family tree, Musanwka sanyantiensis is the first dinosaur of its kind from Zimbabwe," Dr Kimi Chapelle excitedly explains. "It, therefore, highlights the potential of the region for further palaeontological discoveries," she says.
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First hints of memory problems associated with changes in the brain | ScienceDaily
People who report early memory problems and whose partners also suspect they have memory problems have higher levels of tau tangles in the brain, a biomarker associated with Alzheimer's disease, according to a study published Neurology(r), the medical journal of the American Academy of Neurology.


						
Subjective cognitive decline is when a person reports memory and thinking problems before any decline is large enough to show up on standard tests.

"Understanding the earliest signs of Alzheimer's disease is even more important now that new disease-modifying drugs are becoming available," said study author Rebecca E. Amariglio, PhD, of Harvard Medical School in Boston. "Our study found early suspicions of memory problems by both participants and the people who knew them well were linked to higher levels of tau tangles in the brain."

The study involved 675 adults with an average age of 72 who did not have cognitive impairment on formal testing. All had brain scans for amyloid plaques. Of this group, 60% had elevated levels of amyloid, meaning they were at risk for developing cognitive impairment due to Alzheimer's disease even though, at the time of the scan, they were cognitively normal. Participants did not know if they had elevated levels of amyloid.

Each participant had a study partner -- a spouse, child or friend -- who could answer questions about the participant's thinking and memory skills and ability to perform daily tasks. In 65% of cases, partners lived with participants.

Each participant and their partner completed a questionnaire to assess the participant's subjective cognitive decline. Questions included, "Compared to one year ago, do you feel that your memory has declined substantially?" and "Compared to one year ago, do you have more difficulty managing money?" Participants' and partners' scores were recorded with higher scores indicating greater complaints about memory.

Researchers also reviewed brain scans for levels of tau tangles. Greater tau is also a risk factor for Alzheimer's disease and is at higher levels in people with elevated amyloid.

Researchers found participants with higher levels of tau tangles in the brain had higher scores of complaints on the memory questionnaire. Their partners also scored them higher. This association was stronger in participants who had elevated levels of amyloid plaques.

"Our study included a high percentage of people with elevated amyloid, and for this reason we were able to also see that memory complaints were associated with higher tau tangles," said Amariglio. "Our findings suggest that asking older people who have elevated Alzheimer's disease biomarkers about subjective cognitive decline may be valuable for early detection. This is particularly important since it is predicted that treatments given at the earliest diagnosable form of the disease will be the most effective in slowing the disease."

Limitations of the study include that most participants were white and highly educated. Amariglio noted future studies should follow people for longer periods of time and include more participants from other racial and ethnic groups, as well as people with different levels of education.
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Grow the skin you're in: In vivo generation of chimeric skin grafts | ScienceDaily
Skin grafting is an essential procedure used to treat severe skin wounds. In the case of extensive wounds, however, it can be challenging to harvest enough donor skin, and generating artificial skin substitutes that include hair follicles and sweat glands and can engraft on deep wounds has not been successful. Now, researchers from Japan report a new way to "grow your own" donor skin that could help improve the success of skin graft generation.


						
In a study published last month in Nature Communications, researchers from Tokyo Medical and Dental University (TMDU) have revealed that growing donor skin in another species yields surprisingly robust and functional skin grafts.

The gold standard for treating burn wounds is autologous skin grafting, a process in which sheets of skin containing both the epidermis (the outer layer) and the dermis (the deeper layer) are transferred from other parts of the patient's body to cover the wounded area. However, for large wounds it can be difficult to harvest enough skin from the limited donor sites. Split-thickness grafts that contain mostly epidermis with only some of dermis can be used to cover larger areas, but they do not include features like hair and sweat glands, and are more prone to shrinkage and scarring.

"As alternatives to autologous skin grafts, artificial skin substitutes including cultured epidermis and reconstituted skins have been developed," says the lead author of the study Dr. Hisato Nagano. "These options are inferior, though, as cultured epidermis can only be used for shallow wounds, and the engraftment rate of reconstituted skins is low."

To provide proof-of-concept for a new way to produce autologous skin grafts, the researchers generated skin grafts by introducing a mutation into mouse fetuses that made them unable to grow mature epidermis. These fetuses were then injected with mouse stem cells and allowed to develop normally until birth, when their skin growth was analyzed.

"The results were very surprising," explains Dr. Naoaki Mizuno, the corresponding author. "Not only were the chimeric mice born covered with large patches of skin derived from the injected cells, but these patches also survived up to 3 months when grafted onto mature mice, and even grew fur."

Intriguingly, injecting the same mutated mouse embryos with human skin cells yielded similar results: as the mice developed in utero, they grew sheets of human skin that mimicked the structure and organization of mature epidermis.

"Our findings suggest that semi-autologous skin grafts containing hair follicles and other skin appendages can be generated in vivo and engrafted successfully," says Dr. Hiromitsu Nakauchi, senior author.

Given that mouse embryos can only grow small amounts of skin, the next step would be to scale up the process to larger animals with a longer gestation period to generate large human skin grafts. This approach, which involves generating only skin tissue, could help avoid ethical concerns about using human-animal chimeras to produce organs for medical use.
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Modular, scalable hardware architecture for a quantum computer | ScienceDaily
Quantum computers hold the promise of being able to quickly solve extremely complex problems that might take the world's most powerful supercomputer decades to crack.


						
But achieving that performance involves building a system with millions of interconnected building blocks called qubits. Making and controlling so many qubits in a hardware architecture is an enormous challenge that scientists around the world are striving to meet.

Toward this goal, researchers at MIT and MITRE have demonstrated a scalable, modular hardware platform that integrates thousands of interconnected qubits onto a customized integrated circuit. This "quantum-system-on-chip" (QSoC) architecture enables the researchers to precisely tune and control a dense array of qubits. Multiple chips could be connected using optical networking to create a large-scale quantum communication network.

By tuning qubits across 11 frequency channels, this QSoC architecture allows for a new proposed protocol of "entanglement multiplexing" for large-scale quantum computing.

The team spent years perfecting an intricate process for manufacturing two-dimensional arrays of atom-sized qubit microchiplets and transferring thousands of them onto a carefully prepared complementary metal-oxide semiconductor (CMOS) chip. This transfer can be performed in a single step.

"We will need a large number of qubits, and great control over them, to really leverage the power of a quantum system and make it useful. We are proposing a brand new architecture and a fabrication technology that can support the scalability requirements of a hardware system for a quantum computer," says Linsen Li, an electrical engineering and computer science (EECS) graduate student and lead author of a paper on this architecture.

Li's co-authors include Ruonan Han, an associate professor in EECS, leader of the Terahertz Integrated Electronics Group, and member of the Research Laboratory of Electronics (RLE); senior author Dirk Englund, professor of EECS, principal investigator of the Quantum Photonics and Artificial Intelligence Group and of RLE; as well as others at MIT, Cornell University, the Delft Institute of Technology, the Army Research Laboratory, and the MITRE Corporation. The paper appears in Nature.




Diamond microchiplets

While there are many types of qubits, the researchers chose to use diamond color centers because of their scalability advantages. They previously used such qubits to produce integrated quantum chips with photonic circuitry.

Qubits made from diamond color centers are "artificial atoms" that carry quantum information. Because diamond color centers are solid-state systems, the qubit manufacturing is compatible with modern semiconductor fabrication processes. They are also compact and have relatively long coherence times, which refers to the amount of time a qubit's state remains stable, due to the clean environment provided by the diamond material.

In addition, diamond color centers have photonic interfaces which allows them to be remotely entangled, or connected, with other qubits that aren't adjacent to them.

"The conventional assumption in the field is that the inhomogeneity of the diamond color center is a drawback compared to identical quantum memory like ions and neutral atoms. However, we turn this challenge into an advantage by embracing the diversity of the artificial atoms: Each atom has its own spectral frequency. This allows us to communicate with individual atoms by voltage tuning them into resonance with a laser, much like tuning the dial on a tiny radio," says Englund.

This is especially difficult because the researchers must achieve this at a large scale to compensate for the qubit inhomogeneity in a large system.




To communicate across qubits, they need to have multiple such "quantum radios" dialed into the same channel. Achieving this condition becomes near-certain when scaling to thousands of qubits. To this end, the researchers surmounted that challenge by integrating a large array of diamond color center qubits onto a CMOS chip which provides the control dials. The chip can be incorporated with built-in digital logic that rapidly and automatically reconfigures the voltages, enabling the qubits to reach full connectivity.

"This compensates for the in-homogenous nature of the system. With the CMOS platform, we can quickly and dynamically tune all the qubit frequencies," Li explains.

Lock-and-release fabrication

To build this QSoC, the researchers developed a fabrication process to transfer diamond color center "microchiplets" onto a CMOS backplane at a large scale.

They started by fabricating an array of diamond color center microchiplets from a solid block of diamond. They also designed and fabricated nanoscale optical antennas that enable more efficient collection of the photons emitted by these color center qubits in free space.

Then, they designed and mapped out the chip from the semiconductor foundry. Working in the MIT.nano cleanroom, they post-processed a CMOS chip to add microscale sockets that match up with the diamond microchiplet array.

They built an in-house transfer setup in the lab and applied a lock-and-release process to integrate the two layers by locking the diamond microchiplets into the sockets on the CMOS chip. Since the diamond microchiplets are weakly bonded to the diamond surface, when they release the bulk diamond horizontally, the microchiplets stay in the sockets.

"Because we can control the fabrication of both the diamond and the CMOS chip, we can make a complementary pattern. In this way, we can transfer thousands of diamond chiplets into their corresponding sockets all at the same time," Li says.

The researchers demonstrated a 500-micron by 500-micron area transfer for an array with 1,024 diamond nanoantennas, but they could use larger diamond arrays and a larger CMOS chip to further scale up the system. In fact, they found that with more qubits, tuning the frequencies actually requires less voltage for this architecture.

"In this case, if you have more qubits, our architecture will work even better," Li says.

The team tested many nanostructures before they determined the ideal microchiplet array for the lock-and-release process. However, making quantum microchiplets is no easy task, and the process took years to perfect.

"We have iterated and developed the recipe to fabricate these diamond nanostructures in MIT cleanroom, but it is a very complicated process. It took 19 steps of nanofabrication to get the diamond quantum microchiplets, and the steps were not straightforward," he adds.

Alongside their QSoC, the researchers developed an approach to characterize the system and measure its performance on a large scale. To do this, they built a custom cryo-optical metrology setup.

Using this technique, they demonstrated an entire chip with over 4,000 qubits that could be tuned to the same frequency while maintaining their spin and optical properties. They also built a digital twin simulation that connects the experiment with digitized modeling, which helps them understand the root causes of the observed phenomenon and determine how to efficiently implement the architecture.

In the future, the researchers could boost the performance of their system by refining the materials they used to make qubits or developing more precise control processes. They could also apply this architecture to other solid-state quantum systems.
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Editing without 'cutting': Molecular mechanisms of new gene-editing tool revealed | ScienceDaily
Joint research led by Yutaro Shuto, Ryoya Nakagawa, and Osamu Nureki of the University of Tokyo determined the spatial structure of various processes of a novel gene-editing tool called "prime editor." Functional analysis based on these structures also revealed how a "prime editor" could achieve reverse transcription, synthesizing DNA from RNA, without "cutting" both strands of the double helix. Clarifying these molecular mechanisms contributes greatly to designing gene-editing tools accurate enough for gene therapy treatments. The findings were published in the journal Nature.


						
The 2020 Nobel Prize in Chemistry was awarded to Jennifer Doudna and Emmanuelle Charpentier for developing a groundbreaking yet simple way to edit DNA, the "blueprint" of living organisms. While their discovery opened new avenues for research, the accuracy of the method and safety concerns about "cutting" both strands of DNA limited its use for gene therapy treatments. As such, research has been underway to develop tools that do not have these drawbacks.

The prime editing system is one such tool, a molecule complex consisting of two components. One component is the prime editor, which combines a SpCas9 protein, used in the first CRISPR-Cas gene editing technology, and a reverse transcriptase, an enzyme that transcribes RNA into DNA. The second component is the prime editing guide RNA (pegRNA), a modified guide RNA that identifies the target sequence within the DNA and encodes the desired edit. In this complex, the prime editor works like a "word processor," accurately replacing genomic information. The tool has already been successfully implemented in living cells of organisms such as plants, zebrafish, and mice. However, precisely how this molecule complex executes each step of the editing process has not been clear, mostly due to a lack of information on its spatial structure.

"We became curious about how the unnatural combination of proteins Cas9 and reverse transcriptase work together," says Shuto, the first author of the paper.

The research team used cryogenic electron microscopy, an imaging technique that makes observations possible at a near-atomic scale. The method required samples to be in glassy ice to protect them from the potential damage by the electron beams, posing some additional challenges.

"We found the prime editor complex to be unstable under experimental conditions," explains Shuto. "So, it was very challenging to optimize the conditions for the complex to stay stable. For a long time, we could only determine the structure of Cas9."

Finally overcoming the challenges, the researchers succeeded in determining the three-dimensional structure of the prime editor complex in multiple states during reverse transcription on the target DNA. The structures revealed that the reverse transcriptase bound to the RNA-DNA complex that formed along the "part" of the Cas9 protein associated with DNA cleavage, the splitting of a single strand of the double helix. While performing the reverse transcription, the reverse transcriptase maintained its position relative to the Cas9 protein. The structural and biochemical analyses also indicated that the reverse transcriptase could lead to additional, undesired insertions.

These findings have opened new avenues for both basic and applied research. So, Shuto lays out the next steps.

"Our structure determination strategy in this study can also be applied to prime editors composed of a different Cas9 protein and reverse transcriptase. We want to utilize the newly obtained structural information to lead to the development of improved prime editors."
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Graphene gets cleaned up | ScienceDaily
Graphene has been called "the wonder material of the 21st century." Since its discovery in 2004, the material -- a single layer of carbon atoms -- has been touted for its host of unique properties, which include ultra-high electrical conductivity and remarkable tensile strength. It has the potential to transform electronics, energy storage, sensors, biomedical devices, and more. But graphene has had a dirty little secret: it's dirty.


						
Now, engineers at Columbia University and colleagues at the University of Montreal and the National Institute of Standards and Technology are poised to clean things up with an oxygen-free chemical vapor deposition (OF-CVD) method that can create high-quality graphene samples at scale. Their work, published May 29 in Nature, directly demonstrates how trace oxygen affects the growth rate of graphene and identifies the link between oxygen and graphene quality for the first time.

"We show that eliminating virtually all oxygen from the growth process is the key to achieving reproducible, high-quality CVD graphene synthesis," said senior author James Hone, Wang Fong-Jen Professor of Mechanical Engineering at Columbia Engineering. "This is a milestone towards large-scale production of graphene."

Graphene has historically been synthesized in one of two ways. There's the "scotch-tape" method, in which individual layers are peeled from a bulk sample of graphite (the same material you'll find in pencil lead) using household tape. Such exfoliated samples can be quite clean and free from impurities that would otherwise interfere with graphene's desirable properties. However, they tend to be too small -- just a few tens of micrometers across-for industrial-scale applications and, thus, better suited for lab research.

To move from lab explorations to real-world applications, researchers developed a method to synthesize large-area graphene about 15 years ago. This process, known as CVD growth, passes a carbon-containing gas, such as methane, over a copper surface at a temperature high enough (about 1000 degC) that the methane breaks apart and the carbon atoms rearrange to form a single honeycomb-shaped layer of graphene. CVD growth can be scaled up to create graphene samples that are centimeters or even meters in size. However, despite years of effort from research groups around the world, CVD-synthesized samples have suffered from problems with reproducibility and variable quality.

The issue was oxygen. In prior publications, co-authors Richard Martel and Pierre Levesque from Montreal had shown that trace amounts of oxygen can slow the growth process and even etch the graphene away. So, about six years ago, Christopher DiMarco, GSAS'19, designed and built a CVD growth system in which the amount of oxygen introduced during the deposition process could be carefully controlled.

Current PhD students Xingzhou Yan and Jacob Amontree continued DiMarco's work and further improved the growth system. They found that when trace oxygen was eliminated, CVD growth was much faster -- and gave the same results every time. They also studied the kinetics of oxygen-free CVD graphene growth and found that a simple model could predict growth rate over a range of different parameters, including gas pressure and temperature.




The quality of the OF-CVD-grown samples proved virtually identical to that of exfoliated graphene. In collaboration with colleagues in Columbia's physics department, their graphene displayed striking evidence for the fractional quantum Hall effect under magnetic fields, a quantum phenomenon that had previously only been observed in ultrahigh-quality, two-dimensional electrical systems.

From here, the team plans to develop a method to cleanly transfer their high-quality graphene from the metal growth catalyst to other functional substrates such as silicon -- the final piece of the puzzle to take full advantage of this wonder material.

"We both became fascinated by graphene and its potential as undergraduates," Amontree and Yan said. "We conducted countless experiments and synthesized thousands of samples over the past four years of our PhDs. Seeing this study finally come to fruition is a dream come true."

Additional Information: 

The work was initiated by Mechanical Engineering PhD student Christopher DiMarco and continued by current PhD students Xingzhou Yan and Jacob Amontree, who have spent the past four years modifying the system and conducting the experiments that are shown in the paper. The work was supervised by Prof. James Hone (Mechanical Engineering) and co-led by Prof. Katayun Barmak (APAM), with Prof. Abhay Pasupathy and Prof. Cory Dean (Physics) providing key contributions. Postdoc Madisen Holbrook (Physics) imaged the graphene atomic lattice, and PhD students Christian Cupo and Zhiying Wang (MECE) helped with data analysis and measurements. Physics PhD students Jordan Pack, Dihao Sun, and Adam Biachhi performed key electrical measurements.

Richard Martel and Pierre Levesque at the University of Montreal helped guide the research and test the reproducibility of the results. Dr. Angela Hight-Walker's team at the National Institute for Standards and Technology, in particular Dr. Tehseen Adel and Dr. Charlezetta Wilson-Stokes, characterized the graphene.
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Chicken feathers to deliver chemotherapy drugs and repair enzymes | ScienceDaily
A new method of drug delivery using proline, an amino acid found in chicken feathers and skin tissue, could be used to limit the side effects of chemotherapy and repair important enzymes, new research suggests.


						
Published in the journal Chem, researchers have designed a cage (a box made of single molecules) from biologically compatible peptides, short amino acids that form the basis of proteins. These cages can house drugs of different sizes and transport them in the body with high levels of precision.

The negative side effects associated with chemotherapy, such as hair loss and nerve damage, are a result of 'off-site toxicity', where the treatment kills healthy cells surrounding tumours as well as the tumour itself. By creating a nano-sized cage to house the drug and carry it into the tumour before releasing it, this effect can be channelled more directly to the tumour, shielding healthy cells.

The cage can be tuned to different sizes, enabling different payloads of drugs. This flexible structure allows for chemotherapy drugs, antibiotics, and antivirals to potentially be delivered. Previously, cages of this kind could only be made using hydrocarbon molecules found in tar, which can often be toxic to humans.

This structure, researchers believe, also opens the door for faulty enzymes to be replaced within the body, which has previously not been possible. Historically, enzymes, which are composed of proteins and perform important functions in the body, could only have their activities blocked by drugs. The blocking of this functionality would then have an impact in the body, like reducing inflammation. Now, the cages could replace this function which may lay the groundwork for a new form of treatment.

Principal author Dr Charlie McTernan, Lecturer in Chemistry at King's College London and Group Leader at the Francis Crick Institute, said "What we've created is essentially a biologically compatible molecular teabag. We can fill this teabag, or cage made from widely available proline and collagen, with several different medicines and deliver them in a much more targeted way than we could before."

"In time, we hope that this could mean that we can limit the hair loss, nausea, and other unpleasant side effects of chemotherapy. We might even be able to repair malfunctioning enzymes that have an influence on the development of cancer. The best part is we can do this sustainably and at scale."

Proline is very straight and rigid in shape, while also being soluble in water, which makes it uniquely suited for drug delivery, as water makes up roughly 60% of the human body. By binding the peptide to small amounts of metal such as palladium, the researchers could create a tuneable structure they could rapidly increase or decrease in size.

As proline and collagen are widely available and don't rely on chains of hydrocarbons like previous methods, the team hope to sustainably scale up their current production in the lab.
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Menstrual periods are arriving earlier for younger generations, especially among racial minority and lower-income individuals | ScienceDaily
The average age at menarche -- the first menstrual period -- has been decreasing among younger generations in the U.S., especially those belonging to racial minorities and lower socioeconomic statuses, according to a new study led by researchers at Harvard T.H. Chan School of Public Health. It also found that the average time it takes for the menstrual cycle to become regular is increasing.


						
The study will be published on May 29 in JAMA Network Open. It is the latest publication from the Apple Women's Health Study, a longitudinal study of menstrual cycles, gynecological conditions, and overall women's health conducted by Harvard Chan School, the National Institute of Environmental Health Sciences, and Apple.

"Our findings can lead to a better understanding of menstrual health across the lifespan and how our lived environment impacts this critical vital sign," said co-principal investigator Shruthi Mahalingaiah, assistant professor of environmental, reproductive, and women's health at Harvard Chan School.

While previous studies have shown trends towards earlier menarche over the past five decades, data has been limited on how these trends present within different racial groups and socioeconomic statuses. Additionally, few studies have had sufficient data to identify any trends regarding time to menstrual cycle regularity.

The researchers used the Apple Women's Health Study's large, diverse dataset to fill this research gap. Participants who enrolled in the study between November 2018 and March 2023 -- 71,341 in total -- self-reported the age at which they first began menstruating and their race and socioeconomic status. The researchers divided the participants into five age brackets: born between 1950-1969, 1970-1979, 1980-1989, 1990-1999, and 2000-2005. Ages of menarche were defined as early (younger than 11 years old), very early (younger than 9), and late (ages 16 and above). A subset of participants (61,932) self-reported the time it took for their menstrual cycle to become regular and were divided into five categories: up to two years, between three and four years, longer than five years, hasn't become regular, or became regular with use of hormones. Another subset (9,865) provided their body mass index (BMI) at their age of menarche.

The study found that as birth year increased (meaning younger participants), average age at menarche decreased and time from menarche to menstrual cycle regularity increased. Among participants born from 1950-1969, the average age at menarche was 12.5 years, and the rates of early and very early menarche were 8.6% and 0.6%, respectively. Among participants born from 2000-2005, the average age of menarche was 11.9 years, and the rates of early and very early menarche were 15.5% and 1.4%, respectively. Across the two groups, the percentage of participants who reached menstrual cycle regularity within two years of menarche decreased from 76% to 56%. The researchers observed that these trends were present among all sociodemographic groups but were most pronounced among the participants who identified as Black, Hispanic, Asian, or mixed race, and who rated themselves as belonging to a low socioeconomic status.

The findings showed that BMI at age of menarche could explain part of the trend toward periods starting earlier -- in other words, that childhood obesity, a risk factor for early puberty and a growing epidemic in the U.S., could be a contributing factor to earlier menarche. Other possible factors that might explain the trend include dietary patterns, psychological stress and adverse childhood experiences, and environmental factors such as endocrine-disrupting chemicals and air pollution.




"Continuing to investigate early menarche and its drivers is critical," said corresponding author Zifan Wang, postdoctoral research fellow in Harvard Chan School's Department of Environmental Health. "Early menarche is associated with higher risk of adverse health outcomes, such as cardiovascular disease and cancer. To address these health concerns -- which our findings suggest may begin to impact more people, with disproportionate impact on already disadvantaged populations -- we need much more investment in menstrual health research."

The authors noted some limitations to the study, including that it relies heavily on retrospective self-reporting.

Other Harvard Chan School authors included Gowtham Asokan, Jukka-Pekka Onnela, Michelle Williams, Russ Hauser, and Brent Coull.

The study was made possible by funding from Apple, Inc. and the National Institutes of Health (grant Z01ES103333).
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Acute sense of touch helps hummingbirds hover near a flower without bumping into it | ScienceDaily
Hummingbirds seem like a marvel of nature and engineering: a living creature that can hover near a flower with surgical precision. How do they do this?


						
Though hummingbirds' flight mechanics have been well studied, far less is known about how their sense of touch helps these tiny, energetic birds sip nectar from a flower without bumping into it. Most of what scientists know about how touch is processed in the brain comes from studies on mammals, but bird brains are very different from mammal brains.

UCLA-led research published in Current Biology shows that hummingbirds create a 3D map of their body when neurons in two specific spots of the forebrain fire -- as gusts of air touch feathers on the leading edge of their wings and skin of their legs. Receptors on their bill, face and head also work toward this end. The air pressure's intensity, influenced by factors including proximity to an object, is picked up by nerve cells at the base of the feathers and in the leg skin and transmitted to the brain, which gauges the body's orientation relative to an object.

Zebra finches, also studied by the researchers, have the same general organization with slightly less sensitivity in some areas than hummingbirds, suggesting that these areas help with highly specialized hummingbird flight dynamics. The work adds to knowledge of how animals perceive and navigate in their worlds and can help identify ways to treat them more humanely.

Humans produce a tactile map of the body that progresses from the toes at the center of the brain, down to the legs, back and a much larger area that represents touch to the face and hands. These areas, used for touching and touch tasks, are enlarged in the human brain.

"In mammals, we know that touch is processed across the outer surface of the forebrain in the cortex," said Duncan Leitch, corresponding author and a professor of integrative biology at UCLA. "But birds have a brain without a layered cortex structure, so it was a wide-open question how touch is represented in their brains. We showed exactly where different kinds of touch activate specific neurons in these regions and how touch is organized in their forebrains."

Previous studies in which birds were injected with dye showed their brains have one region in the forebrain to process touch to the face and head, and one for touch anywhere else on the body. In owls, for example, touch centers that typically correspond to face touch are devoted solely to talons. But since hummingbirds live very different lives than owls, it didn't seem likely this would hold true for them.




Leitch and co-authors at Royal Veterinary College and the University of British Columbia were able to observe neurons firing in real time by placing electrodes on hummingbirds and finches, and touching them gently with cotton swabs or puffs of air. A computer amplified the signals from the electrodes and converted them to sound for easier analysis.

The experiments confirmed that touch for the head and body is mapped in different regions of the forebrain and showed for the first time that air pressure activates specific clusters of neurons in these regions. Examination of the wings showed a network of nerve cells that likely sent a signal to the brain when activated by puffs of air on the feathers.

The researchers found particularly large clusters of brain cells that reacted to stimulation of the edges of wings, which they think help the birds adjust flight in a nuanced way. They also discovered that the feet are acutely sensitive to touch and this touch had a large representation in the brain, presumably to help with perching. The researchers speculate these areas may be even larger in parrots and other birds that use their feet to grasp and move objects.

In their study, the researchers identified receptive fields on the birds, in which a touch would trigger a neuron to fire. In hummingbirds, some of these fields -- especially on the bill, face and head -- were very small, meaning they could sense the lightest touch. Zebra finches had the same but larger receptive fields, suggesting these regions in finches are not quite as sensitive and  probably of greater relevance to hummingbirds that rely on constant, steady precision flight.

"Hummingbirds were often reacting to the slightest thresholds we could give them," Leitch said.

Learning more about how diverse animals map touch across their body could lead to advances in technologies that use sensors to move about or perform a task, such as prosthetic limbs or autonomous devices. But improvements to animal welfare are perhaps a more immediate outcome of the research.

"If we can understand how animals perceive their sense of touch, we can develop practices that are less disturbing to them," Leitch said.
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Complete X and Y chromosome sequences of living great ape species determined | ScienceDaily
Newly generated, complete "end-to-end" reference genomes for the sex chromosomes of five great ape species and one lesser ape species -- produced by an international collaborative team led by researchers at Penn State, the National Human Genome Research Institute and the University of Washington -- highlight extremely rapid changes on the male-specific Y chromosome among ape species. These findings shed light on the evolution of sex chromosomes and inform understanding of diseases related to genes on these chromosomes in both apes and humans.


						
"The Y chromosome is important for human fertility, and the X chromosome harbors genes critical for reproduction, cognition and immunity," said Kateryna Makova, Verne M. Willaman Chair of Life Sciences, professor of biology at Penn State and leader of the research team. "Our study opens doors for many future investigations of sex chromosomes, how they evolved, and diseases associated with them. The living non-human great ape species we studied are all endangered. The availability of their complete sex chromosome sequences will facilitate studies of their sex-specific dispersal in the wild and of their genes important for reproduction and fertility."

Such reference genomes act as a representative example that are useful for future studies of these species. The team found that, compared to the X chromosome, the Y chromosome varies greatly across ape species and harbors many species-specific sequences. However, it is still subject to purifying natural selection -- an evolutionary force that protects its genetic information by removing harmful mutations.

The new study appears May 29 in the journal Nature.

"Researchers sequenced the human genome in 2001, but it wasn't actually complete," Makova said. "The technology available at the time meant that certain gaps weren't filled in until a renewed effort led by the Telomere-to-Telomere, or T2T, Consortium in 2022-23. We leveraged the experimental and computational methods developed by the Human T2T Consortium to determine the complete sequences for the sex chromosomes of our closest living relatives -- great apes."

The team produced complete sex chromosome sequences for five species of great apes -- chimpanzee, bonobo, gorilla, Bornean orangutan and Sumatran orangutan, which comprise most great ape species living today -- as well as a lesser ape, siamang. They generated sequences for one individual of each species. The resulting reference genomes act as a map of genes and other chromosomal regions, which can help researchers sequence and assemble the genomes of other individuals of that species. Previous sex chromosome sequences for these species were incomplete or -- for the Bornean orangutan and siamang -- did not exist.

"The Y chromosome has been challenging to sequence because it contains many repetitive regions, and, because traditional short-read sequencing technology decodes sequences in short bursts, it is difficult to put the resulting segments in the correct order," said Karol Pal, postdoctoral researcher at Penn State and a co-first author of the study. "T2T methods use long-read sequencing technologies that overcome this challenge. Combined with advances in computational analysis, on which we collaborated with Adam Phillippy's group at the NHGRI, this allowed us to completely resolve repetitive regions that were previously difficult to sequence and assemble. By comparing the X and Y chromosomes to each other and among species, including to the previously generated human T2T sequences of the X and the Y, we learned many new things about their evolution."

High variability on the Y chromosome




"Sex chromosomes started like any other chromosome pair, but the Y has been unique in accumulating many deletions, other mutations and repetitive elements because it does not exchange genetic information with other chromosomes over most of its length," said Makova, who is also the director of the Center for Medical Genomics at Penn State.

As a result, across the six ape species, the research team found that the Y chromosome was much more variable than the X over a variety of characteristics, including size. Among the studied apes, the X chromosome ranges in size from 154 million letters of the ACTG alphabet -- representing the nucleotides that make up DNA -- in chimpanzee and human to 178 million letters in gorilla. In contrast, the Y chromosome ranges from 30 million DNA letters in siamang to 68 million letters in Sumatran orangutan.

The amount of DNA sequence shared between species was also more variable on the Y. For example, about 98% of the X chromosome aligns between human and chimpanzee, but only about a third of the Y aligns between them. The researchers found that this is in part because the Y chromosome is more likely to be rearranged or have portions of its genetic material duplicated.

Additionally, the percentage of the chromosome occupied by sequences that are repeated is highly variable on the Y. Whereas, depending on the species, 62% to 66% of the X chromosomes are occupied by repetitive elements, 71% to 85% of the Y chromosomes are occupied by them. These percentages are higher on both the X and the Y than in other chromosomes in the human genome.

How the Y has survived

"We found the ape Y to be shrinking, accumulating many mutations and repeats, and losing genes," Makova said. "So why hasn't the Y chromosome disappeared, as some previous hypotheses suggested? In collaboration with Sergei Kosakovsky Pond from Temple University and others, we found that the Y chromosome still has a number of genes evolving under purifying selection -- a type of natural selection that keeps gene sequences intact. Many of these genes are important for spermatogenesis. This means that the Y chromosome is unlikely to disappear any time soon."

The researchers found that many genes on the Y chromosome seem to use two strategies to survive. The first takes advantage of genetic redundancy -- the presence of multiple copies of the same gene on a chromosome -- so that intact copies of the gene can compensate for copies that might acquire mutations. The team quantified this genetic redundancy by completing the landscape of multi-copy gene families on ape sex chromosomes for the first time.




The second survival strategy takes advantage of palindromes, where the sequence of letters in the DNA alphabet is followed by the same, but inverted sequence, for example, ACTG-GTCA. When located within a palindrome, genes benefit from the palindrome's ability to correct mutations.

"We found that the Y chromosome can exchange genetic information with itself between the repeated sequences of the two palindrome arms, which fold so that the inverted sequences align," Pal said. "When two copies of the same gene are located within palindromes, and one copy is hit by a mutation, the mutation can be rescued by the genetic exchange with another copy. This can compensate for the Y's lack of genetic information exchange with the other chromosomes."

The research team obtained the complete sequences of palindromes on ape sex chromosomes also for the first time, as they were previously difficult to sequence and study. They found that palindromes are particularly abundant and long on the ape Y chromosome, yet they are usually only shared among closely related species.

In collaboration with Michael Schatz and his team at Johns Hopkins University, the researchers also studied the sex chromosomes of 129 individual gorillas and chimpanzees to better understand the genetic variation within each species and search for evidence of natural selection and other evolutionary forces acting on them.

"We obtained substantial new information from previously studied gorilla and chimpanzee individuals by aligning their sex chromosome sequencing reads to our new reference sequences," said Zachary Szpiech, assistant professor of biology at Penn State and an author of the paper. "While increasing the sample size in the future will be very helpful to improve our ability to detect signatures of different evolutionary forces, this can be ethically and logistically challenging when working with endangered species, so it is critical that we can get the most out of the data we do have."

The researchers explored a variety of factors that could explain variation on the Y chromosome within gorillas and within chimpanzees, and this analysis revealed additional signatures of purifying selection on the Y. This confirms the role of this type of natural selection on the Y, as was discovered in their previous analyses of genes.

"The powerful combination of bioinformatic techniques and evolutionary analyses that we used allows us to better explain the evolutionary processes acting on sex chromosomes in our closest living relatives, great apes," said Christian Huber, assistant professor of biology at Penn State and an author of the paper. "Additionally, the reference genomes we produced will be instrumental for future studies of primate evolution and human diseases."

In addition to Makova, Pal, Szpiech and Huber, the research team at Penn State includes Kaivan Kamali, computational scientist in the departments of biology and of biochemistry and molecular biology; Troy LaPolice, graduate student in bioinformatics and genomics; Paul Medvedev, professor of computer science and engineering and of biochemistry and molecular biology; Sweetalana, research assistant in the department of biology; Huiqing Zeng, research technologist in biology; Xinru Zhang, graduate student in bioinformatics and genomics; Robert Harris, assistant research professor of biology, now retired; Barbara McGrath, associate research professor of biology, now retired; and Sarah Craig, associate research professor of biology, currently a program officer at the National Institutes of Health. The co-authors also included Penn State alumni Monika Cechova, currently a postdoctoral fellow at the University of California Santa Cruz, and Melissa Wilson, currently an associate professor at Arizona State University.

In addition to Makova, the team was co-led by co-corresponding study authors Adam Phillippy, senior investigator at NHGRI, and Evan Eichler, professor of Genome Sciences at the University of Washington. A full list of authors for this paper is available here.

Funding from the National Institutes of Health supported this research.
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Moon orbiting 'dinky' asteroid is actually two tiny moons stuck together | ScienceDaily
When NASA's Lucy spacecraft flew past its first official target Dinkinesh in November 2023, researchers discovered that the asteroid -- known as "Dinky" -- was not alone in space. A satellite asteroid, which the team named "Selam," was orbiting Dinky. As Lucy sent more data back to Earth, the researchers discovered something surprising: Selam was not just one moon, it was a contact binary -- or two moons melded together.


						
The Lucy team, which includes University of Maryland Professor of Astronomy and Geology Jessica Sunshine, detailed the unexpected finding in a paper published in the journal Nature on May 29, 2024. The researchers noted that the unusual arrangement challenges existing theories about how asteroids and other celestial bodies formed over time and provides additional insight into the internal structure, dynamics and evolutionary history of both Dinky and Selam.

"There's a lot more complexity in these small bodies than we originally thought," said Sunshine, a co-author of the paper. "With the additional observations taken by the spacecraft, we were able to better analyze features such as Dinkinesh's rotation speed and Selam's orbit pattern. We also have a better understanding of what materials they're possibly made of, bringing us a step closer to learning just how terrestrial bodies are created."

Images taken by the Lucy spacecraft revealed a trough on Dinkinesh where about a quarter of the asteroid broke off from its main body, a ridge that formed after the asteroid's structural failure and the contact binary now known as Selam (which was named after the child counterpart of the Lucy hominin fossil discovered in 1974). The team theorized that Dinky's fast spinning motion -- boosted by the uneven reflection of sunlight off the asteroid's surface -- caused it to shed and eject rocky debris into orbit. Some of the debris could have aggregated to form Selam, while another portion of the fragments rained back down on Dinky as boulders and created the ridges photographed by the Lucy spacecraft.

"One of the things that's critical to understanding how planets like Earth got here is understanding how objects behave when they hit each other, and to understand that we need to understand their strength," said lead scientist Hal Levison of Southwest Research Institute, Boulder, Colorado, principal investigator for the Lucy mission. "Basically, the planets formed when [smaller objects like asteroids] orbiting the Sun ran into each other. Whether objects break apart when they hit or stick together has a lot to do with their strength and internal structure."

The team deduced that Dinky likely had some internal strength, which allowed it to maintain most of its form.

Just how Dinky's unusual dual moons formed remains a mystery, but Sunshine said that the team's findings open the door to comparative studies with similar celestial bodies.




"I'm personally very excited to compare the Didymos binary system with this one, especially as they appear to share many similarities such as size, general shape and possibly composition despite being in totally different parts of the solar system," explained Sunshine, who was also on NASA's DART research team and helped detail the DART spacecraft's successful deflection of Didymos' small moon called Dimorphos.

"The Didymos binary system is located in a near-Earth environment while the Dinkinesh system is located much farther away from Earth in the main asteroid belt," she added. "They have very different features but we think they may have undergone similar processes to become what we know of them today."

Dinkinesh and its satellite are the first two of 11 asteroids that Lucy plans to explore over its 12-year journey. After skimming the inner edge of the main asteroid belt, Lucy heads back toward Earth for a gravity assist in December 2024. That close flyby will propel the spacecraft back through the main asteroid belt, where it will observe asteroid Donaldjohanson in April 2025, and then move on to observe the Trojan asteroids in 2027.

"Our ultimate goal is to understand the formation of celestial bodies," Sunshine said. "How do planets form? How was Earth formed? We know that big planets are formed by smaller bodies, so studying these little asteroids lets us see how materials behave and interact on a smaller scale. With Dinky and the other asteroids we're flying by, we're laying the groundwork for understanding how planets are made."
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New antibiotic kills pathogenic bacteria, spares healthy gut microbes | ScienceDaily
Researchers have developed a new antibiotic that reduced or eliminated drug-resistant bacterial infections in mouse models of acute pneumonia and sepsis while sparing healthy microbes in the mouse gut. The drug, called lolamicin, also warded off secondary infections with Clostridioides difficile, a common and dangerous hospital-associated bacterial infection, and was effective against more than 130 multidrug-resistant bacterial strains in cell culture.


						
The findings are detailed in the journal Nature.

"People are starting to realize that the antibiotics we've all been taking -- that are fighting infection and, in some instances, saving our lives -- also are having these deleterious effects on us," said University of Illinois Urbana-Champaign chemistry professor Paul Hergenrother, who led the study with former doctoral student Kristen Munoz. "They're killing our good bacteria as they treat the infection. We wanted to start thinking about the next generation of antibiotics that could be developed to kill the pathogenic bacteria and not the beneficial ones."

Numerous studies have found that antibiotic-related disturbances to the gut microbiome increase vulnerability to further infections and are associated with gastrointestinal, kidney, liver and other problems.

"Most clinically approved antibiotics only kill gram-positive bacteria or kill both gram-positive and gram-negative bacteria," Munoz said.

Gram-positive and gram-negative bacteria differ in the composition of their cell walls. Gram-negative bacteria have a double layer of protection, making them more difficult to kill, Munoz said.

The few drugs available to fight gram-negative infections also kill other potentially beneficial gram-negative bacteria. For example, colistin, one of the few gram-negative-only antibiotics approved for clinical use, can cause C. difficile-associated diarrhea and pseudomembranous colitis, a potentially life-threatening complication. The drug also has toxic effects on the liver and kidney, and "thus colistin is typically utilized only as an antibiotic of last resort," the researchers wrote.




To tackle the many problems associated with indiscriminately targeting gram-negative bacteria, the team focused on a suite of drugs developed by the pharmaceutical company AstraZeneca. These drugs inhibit the Lol system, a lipoprotein-transport system that is exclusive to gram-negative bacteria and genetically different in pathogenic and beneficial microbes. These drugs were not effective against gram-negative infections unless the researchers first undermined key bacterial defenses in the laboratory. But because these antibiotics appeared to discriminate between beneficial and pathogenic gram-negative bacteria in cell culture experiments, they were promising candidates for further exploration, Hergenrother said.

In a series of experiments, Munoz designed structural variations of the Lol inhibitors and evaluated their potential to fight gram-negative and gram-positive bacteria in cell culture. One of the new compounds, lolamicin, selectively targeted some "laboratory strains of gram-negative pathogens including Escherichia coli, Klebsiella pneumoniae and Enterobacter cloacae," the researchers found. Lolamicin had no detectable effect on gram-positive bacteria in cell culture. At higher doses, lolamicin killed up to 90% of multidrug-resistant E. coli, K. pneumoniae and E. cloacae clinical isolates.

When given orally to mice with drug-resistant septicemia or pneumonia, lolamicin rescued 100% of the mice with septicemia and 70% of the mice with pneumonia, the team reported.

Extensive work was done to determine the effect of lolamicin on the gut microbiome.

"The mouse microbiome is a good tool for modeling human infections because human and mouse gut microbiomes are very similar," Munoz said. "Studies have shown that antibiotics that cause gut dysbiosis in mice have a similar effect in humans."

Treatment with standard antibiotics amoxicillin and clindamycin caused dramatic shifts in the overall structure of bacterial populations in the mouse gut, diminishing the abundance several beneficial microbial groups, the team found.

"In contrast, lolamicin did not cause any drastic changes in taxonomic composition over the course of the three-day treatment or the following 28-day recovery," the researchers wrote.

Many more years of research are needed to extend the findings, Hergenrother said. Lolamicin, or other similar compounds, must be tested against more bacterial strains and detailed toxicology studies must be conducted. Any new antibiotics also must be assessed to determine how quickly they induce drug resistance, a problem that arises sooner or later in bacteria treated with antibiotics.

The study is a proof-of-concept that antibiotics that kill a pathogenic microbe while sparing beneficial bacteria in the gut can be developed for gram-negative infections -- some of the most challenging infections to treat, Hergenrother said.
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The case of the missing black holes | ScienceDaily
Researchers at the Research Center for the Early Universe (RESCEU) and Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU, WPI) at the University of Tokyo have applied the well-understood and highly verified quantum field theory, usually applied to the study of the very small, to a new target, the early universe. Their exploration led to the conclusion that there ought to be far fewer miniature black holes than most models suggest, though observations to confirm this should soon be possible. The specific kind of black hole in question could be a contender for dark matter.


						
The study of the universe can be a daunting thing, so let's make sure we're all on the same page. Though details are fuzzy, the general consensus amongst physicists is that the universe is about 13.8 billion years old, began with a bang, expanded rapidly in a period called inflation, and somewhere along the line went from being homogenous to containing detail and structure. Most of the universe is empty, but despite this, it appears to be significantly heavier than can be explained by what we can see -- we call this discrepancy dark matter, and no one knows what this might be, but evidence is building that it might be black holes, specifically old ones.

"We call them primordial black holes (PBH), and many researchers feel they are a strong candidate for dark matter, but there would need to be plenty of them to satisfy that theory," said graduate student Jason Kristiano. "They are interesting for other reasons too, as since the recent innovation of gravitational wave astronomy, there have been discoveries of binary black hole mergers, which can be explained if PBHs exist in large numbers. But despite these strong reasons for their expected abundance, we have not seen any directly, and now we have a model which should explain why this is the case."

Kristiano and his supervisor, Professor Jun'ichi Yokoyama, presently the director of Kavli IPMU and RESCEU, have extensively explored the various models for PBH formation, but found that the leading contenders do not align with actual observations of the cosmic microwave background (CMB), which is sort of like a leftover fingerprint from the Big Bang explosion marking the beginning of the universe. And if something disagrees with solid observations, it either cannot be true or can only paint part of a picture at best. In this case, the team used a novel approach to correct the leading model of PBH formation from cosmic inflation so it better aligns with current observations and could be further verified with upcoming observations by terrestrial gravitational wave observatories around the world.

"At the beginning, the universe was incredibly small, much smaller than the size of a single atom. Cosmic inflation rapidly expanded that by 25 orders of magnitude. At that time, waves traveling through this tiny space could have had relatively large amplitudes but very short wavelengths. What we have found is that these tiny but strong waves can translate to otherwise inexplicable amplification of much longer waves we see in the present CMB," said Yokoyama. "We believe this is due to occasional instances of coherence between these early short waves, which can be explained using quantum field theory, the most robust theory we have to describe everyday phenomena such as photons or electrons. While individual short waves would be relatively powerless, coherent groups would have the power to reshape waves much larger than themselves. This is a rare instance of where a theory of something at one extreme scale seems to explain something at the opposite end of the scale."

If, as Kristiano and Yokoyama suggest, early small-scale fluctuations in the universe do affect some of the larger-scale fluctuations we see in the CMB, it might alter the standard explanation of coarse structures in the universe. But also, given we can use measurements of wavelengths in the CMB to effectively constrain the extent of corresponding wavelengths in the early universe, it necessarily constrains any other phenomena that might rely on these shorter, stronger wavelengths. And this is where the PBHs come back in.

"It is widely believed that the collapse of short but strong wavelengths in the early universe is what creates primordial black holes," said Kristiano. "Our study suggests there should be far fewer PBHs than would be needed if they are indeed a strong candidate for dark matter or gravitational wave events."

At the time of writing, the world's gravitational wave observatories, LIGO in the U.S., Virgo in Italy and KAGRA in Japan, are in the midst of an observation mission which aims to observe the first small black holes, likely PBHs. In any case, the results should offer the team solid evidence to help them refine their theory further.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529144206.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



AI helps medical professionals read confusing EEGs to save lives | ScienceDaily
Researchers at Duke University have developed an assistive machine learning model that greatly improves the ability of medical professionals to read the electroencephalography (EEG) charts of intensive care patients.


						
Because EEG readings are the only method for knowing when unconscious patients are in danger of suffering a seizure or are having seizure-like events, the computational tool could help save thousands of lives each year. The results appear online May 23 in the New England Journal of Medicine AI.

EEGs use small sensors attached to the scalp to measure the brain's electrical signals, producing a long line of up and down squiggles. When a patient is having a seizure, these lines jump up and down dramatically like a seismograph during an earthquake -- a signal that is easy to recognize. But other medically important anomalies called seizure-like events are much more difficult to discern.

"The brain activity we're looking at exists along a continuum, where seizures are at one end, but there's still a lot of events in the middle that can also cause harm and require medication," said Dr. Brandon Westover, associate professor of neurology at Massachusetts General Hospital and Harvard Medical School. "The EEG patterns caused by those events are more difficult to recognize and categorize confidently, even by highly trained neurologists, which not every medical facility has. But doing so is extremely important to the health outcomes of these patients."

To build a tool to help make these determinations, the doctors turned to the laboratory of Cynthia Rudin, the Earl D. McLean, Jr. Professor of Computer Science and Electrical and Computer Engineering at Duke. Rudin and her colleagues specialize in developing "interpretable" machine learning algorithms. While most machine learning models are a "black box" that makes it impossible for a human to know how it's reaching conclusions, interpretable machine learning models essentially must show their work.

The research group started by gathering EEG samples from over 2,700 patients and having more than 120 experts pick out the relevant features in the graphs, categorizing them as either a seizure, one of four types of seizure-like events or 'other.' Each type of event appears in EEG charts as certain shapes or repetitions in the undulating lines. But because these charts are rarely steadfast in their appearance, telltale signals can be interrupted by bad data or can mix together to create a confusing chart.

"There is a ground truth, but it's difficult to read," said Stark Guo, a Ph.D. student working in Rudin's lab. "The inherent ambiguity in many of these charts meant we had to train the model to place its decisions within a continuum rather than well-defined separate bins."

When displayed visually, that continuum looks something like a multicolored starfish swimming away from a predator. Each differently colored arm represents one type of seizure-like event the EEG could represent. The closer the algorithm puts a specific chart toward the tip of an arm, the surer it is of its decision, while those placed closer to the central body are less certain.




Besides this visual classification, the algorithm also points to the patterns in the brainwaves that it used to make its determination and provides three examples of professionally diagnosed charts that it sees as being similar.

"This lets a medical professional quickly look at the important sections and either agree that the patterns are there or decide that the algorithm is off the mark," said Alina Barnett, a postdoctoral research associate in the Rudin lab. "Even if they're not highly trained to read EEGs, they can make a much more educated decision."

Putting the algorithm to the test, the collaborative team had eight medical professionals with relevant experience categorize 100 EEG samples into the six categories, once with the help of AI and once without. The performance of all of the participants greatly improved, with their overall accuracy rising from 47% to 71%. Their performance also rose above those using a similar "black box" algorithm in a previous study.

"Usually, people think that black box machine learning models are more accurate, but for many important applications, like this one, it's just not true," said Rudin. "It's much easier to troubleshoot models when they are interpretable. And in this case, the interpretable model was actually more accurate. It also provides a bird's eye view of the types of anomalous electrical signals that occur in the brain, which is really useful for care of critically ill patients."

This work was supported by the National Science Foundation (IIS-2147061, HRD-2222336, IIS-2130250, 2014431), the National Institutes of Health (R01NS102190, R01NS102574, R01NS107291, RF1AG064312, RF1NS120947, R01AG073410, R01HL161253, K23NS124656, P20GM130447) and the DHHS LB606 Nebraska Stem Cell Grant.
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Drug resistance discovery could 'move the field forward' for breast cancer treatment | ScienceDaily
New research out of VCU Massey Comprehensive Cancer Center -- recently published in Drug Resistance Updates -- revealed a previously unknown biological process through which breast tumor cells develop resistance to standard treatment, which could open the door for cancer scientists around the world to further target this vulnerability in hopes of creating more effective therapies for disease.


						
Additionally, the research team tested a promising drug in combination with an existing therapy that achieved total remission in one breast cancer model that was resistant to the standard of care, and reduced cancer growth by nearly 70% in other models of advanced disease.

"Overcoming drug resistance is very important; we're talking about developing new drugs that will provide hope to cancer patients who have exhausted all options available to them," said study author Yuesheng Zhang, M.D., Ph.D., the Harrigan, Haw and Luck Families Chair in Cancer Research and a member of the Developmental Therapeutics research program at Massey.

HER2-positive breast cancers represent nearly one-fifth of all breast tumors and often grow and spread much faster than tumors that are HER2-negative, according to the American Cancer Society.

In the clinic, there are three classes of drugs approved to treat this type of cancer: 1) monoclonal antibodies (trastuzumab, sold under the brand name Herceptin, is the most commonly used drug to treat HER2-positive breast cancer), 2) tyrosine kinase inhibitors and 3) antibody small molecule conjugates.

These drugs are all designed to target the HER2 protein receptor, but Zhang's team found that none of them are actually strong enough to completely eliminate it, offering the tumor cells more freedom to partner with other proteins within the cells to initiate cancer signaling, continue to multiply and spread.

"It's actually quite striking. It turns out the efficacy of the standard of care is very limited, and not only do a small percentage of patients respond to treatment, even the ones who are responding will very quickly develop resistance," said Zhang, who is also a professor in the Department of Pharmacology and Toxicology at the VCU School of Medicine.




This paper shines a light on the clinical need to more completely rid the cancer cells of HER2, but it also points a finger at the EGFR gene family being just as important in these tumors, suggesting that truly effective drugs need to target both the HER2 and EGFR receptors to eradicate disease.

"This study shows that an agent that targets the degradation of both HER2 and EGFR is highly effective in overcoming drug resistance in this disease," Zhang said. "The findings provide new insights and innovations for advancing treatment of drug-resistant HER2-positive breast cancer that remains an unmet problem."

In addition to unveiling a key flaw hindering current treatment options for breast cancer, Zhang and his research team also tested a novel agent that showed promising results against these tumors.

In one model, the drug achieved complete remission in combination with garadacimab, another type of monoclonal antibody. In other models where the tumors had spread to the brain, the researchers found their drug inhibited tumor growth by up to 68%.

"This means that this drug can actually cross the blood-brain barrier to attack the tumor in the brain," Zhang said.

Zhang added they are currently in talks with the National Cancer Institute for them to manufacture the drug in an effort to gain FDA approval and move it into clinical trials.

While the team observed encouraging results with the drug they tested in the study, Zhang said the most important impact of this research is to inform other investigators about the underlying mechanism that can be targeted in HER2-positive breast cancer to improve patient outcomes.

"This paper will move the field forward because cancer scientists can develop other drugs to target this vulnerability; our agent is only one of those," Zhang said.

Collaborators on this study include Lu Yang, Ph.D., Arup Bhattacharya, Ph.D., Yun Li, M.S., and Valentina Robila, M.D., Ph.D., of the VCU School of Medicine; Darrell Peterson, Ph.D., of the VCU School of Pharmacy; Xiaozhuo Liu, Ph.D., of Roswell Park Comprehensive Cancer Center; and Elisabetta Marangoni, Ph.D., of the Institute of Curie in France.
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Electrochromic films -- like sunglasses for your windows? | ScienceDaily
Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers in ACS Energy Letters report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red.


						
Hongbo Xu and colleagues used MOFs in their electrochromic film because of the crystalline substances' abilities to form thin films with pore sizes that can be customized by changing the length of the organic ligand that binds to the metal ion. These features enable improved current flow, more precise control over colors and durability. In demonstrations, Xu's MOF electrochromic film took 2 seconds to switch from colorless to green with an electric potential of 0.8 volts, and 2 seconds to switch to dark red with 1.6 V. The film maintained the green or red color for 40 hours when the potential dropped, unless a reverse voltage was applied to return the film to its transparent state. The film also performed reliably through 4,500 cycles of switching from colored to clear. With further optimization, the researchers say their tunable coatings could be used in smart windows that regulate indoor temperatures, as well as in smaller scale intelligent optical devices and sensors.

In addition to Xu's MOF-based electrochromic film, several other research groups have reported electrochromic coating designs, including a UV-blocking but visually transparent radiative cooling film, a colorful plant-based film that gets cooler when exposed to sunlight, and a temperature-responsive film that turns darker in cold weather and lighter when it's hot.
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Chocolate's tasty flavors might pose a risk in other desserts | ScienceDaily
What makes chocolate taste and smell so delicious? Chemistry, of course! A variety of molecules work together to create that unmistakable aroma, but those same molecules might carry some unwanted health effects if there are too many around. According to research published in ACS' Journal of Agricultural and Food Chemistry, while many of the compounds appeared in chocolate in low enough concentrations to be safe, higher amounts were found in some baked sweet treats.


						
When making chocolate, cocoa beans are roasted to help their chocolatey flavors shine. During this process, new molecules like a,b-unsaturated carbonyls are formed when they react with other ingredients under high temperatures. This class of carbonyls is highly reactive and potentially genotoxic, or able to cause damage to DNA when consumed. Though naturally found in many foods, these carbonyls are also used as flavoring additives, and some have been banned in the European Union, including the buttery-tasting furan-2(5H)-one. To better understand how these molecules form naturally in foods, and whether or not they are present in levels that could pose a health concern, Alexandre Dusart and colleagues tested chocolates and other sweet treats for 10 different a,b-unsaturated carbonyls -- some of which have been confirmed as safe by the European Food Safety Authority, while others are still under evaluation.

The team created its own chocolates and found that a,b-unsaturated carbonyls formed during roasting and after the addition of cocoa butter; however, their concentrations remained too low to pose any health concerns from consuming the chocolates. Next, researchers screened 22 commercially available desserts, including crepes, waffles, cakes and biscuits, either with or without chocolate. In these packaged treats, they found even lower concentrations of nine of the 10 carbonyls compared to the chocolates.

The remaining carbonyl -- genotoxic furan-2(5H)-one -- appeared in much higher concentrations in the crepe and cake samples, reaching up to 4.3 milligrams per kilogram. Considering that the recommended threshold for genotoxic substances is only 0.15 micrograms per person per day, consuming these desserts could exceed that limit, though additional studies are needed to accurately assess the potential health risk.

Researchers concluded that the furan-2(5H)-one molecule likely formed during the baking process and did not seem to correlate with the amount of chocolate present in the packaged desserts. The team says that this work helps to better understand where these carbonyls come from in chocolate and highlights the importance of monitoring flavorings in food to keep consumers informed and safe.

The authors acknowledge funding from the Belgian Federal Public Service of Health, Food Chain Safety and Environment.
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Risky path to meeting climate targets for Stockholm | ScienceDaily
The Swedish capital Stockholm aims to capture more carbon dioxide than is emitted by 2030. Therefore, the city is investing in new technology at a combined heat and power plant. But it is a strategy that has been adopted without sufficient discussion of the risks, says researchers at Linkoping university, Sweden.


						
"Stockholm has a very ambitious climate policy. But there's also been a kind of resignation. This new technology has appeared to offer the promise of a solution. And that's perhaps why there's been no critical discussion at all," says researcher Alexander Olsson at the Department of Thematic Studies -- Environmental Change at Linkoping University.

The energy utility Stockholm Exergi is investing in new technology to capture carbon dioxide from the combined heat and power plant Vartaverket. Potentially, 800,000 tons could be removed per year and stored in the bedrock. Since the heat and power plant is fired by biofuel, this would mean that carbon dioxide is removed from circulation. These so-called negative emissions can then be offset against other emissions that politicians deem impossible to remove. The end result would be that Stockholm's net emissions would be zero or even negative. But there are many uncertainties.

Together with colleagues at the Department of Thematic Studies -- Environmental Change, Alexander Olsson has interviewed thirteen politicians and officials in Stockholm to hear their reasoning about the opportunities and risks. They have also analysed debates held in the municipal council from 2015 to 2023. Their conclusions are presented in an article in Energy Research & Social Science.

One thing is clear, according to the researchers. Neither in interviews nor in the debate transcripts is there any serious questioning of the path set out to meet the climate targets, which are to a large extent based on substantial negative emissions at Vartaverket. There seems to be a lack of an alternative plan.

"This means that Stockholm's climate targets are entirely dependent on this facility and the ability to store carbon dioxide. There is no plan B. it's a very, very risky portfolio, to put it in financial terms," says Alexander Olsson.

According to the researchers, the local decision-makers feel that much of climate policy and emissions is beyond their scope of influence. The thought of being able to make large amounts of carbon dioxide disappear through their own decisions thus appeals to the decision-makers. The opportunity to be at the forefront of technology and to be a role model for other cities is also appealing.




It is then tempting to ignore the fact that the technology may not work as intended or that implementation may be delayed. There are no ready-made solutions for how the carbon dioxide is to be transported and disposed of, or answers as to how large quantities can be taken care of. In addition, there are major environmental risks associated with the planned interim storage of carbon dioxide at the port of Vartahamnen close to the city. Almost none of this is mentioned in the interviews or in the debates.

In the light of the promise offered by the new technology, alternative measures risk appearing less important. For example, the researchers note that Stockholm's previous initiative to use biochar to store carbon dioxide has been diminished. There is also a risk that the discussion about which emissions can be influenced locally will be forgotten. For example, Stockholm wants to build a new plant for waste incineration. This would lead to increased carbon dioxide emissions, but it is not identified as a problem by the interviewed decision-makers, which may be due to the high hopes placed on capture at Vartaverket. It is easy to sit back, because the problem seems to be solved.

The researchers' advice is to set separate targets for how much carbon dioxide is to be captured and how much emissions are to be reduced from waste incineration and traffic. They say that this would make clearer which measures work and which do not. The targets should also be complemented by a risk analysis that looks at the likelihood that a measure will be successful. This would bring to light the need for alternative methods.

"We don't think things improve by not being critical. We believe that criticism is an important part of a democratic process, and that decisions will be better if there's a broader debate," says Alexander Olsson.

The study has been funded by the Swedish Energy Agency and Formas.
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New research approach: Exploring the mouthfeel of food with a microscope | ScienceDaily
A team led by Melanie Kohler and Veronika Somoza from the Leibniz-Institute for Food Systems Biology has presented a new research approach in the journal Nature Food. The perspectives article focuses on different ways to study the mouthfeel of food using atomic force microscopy to better understand the biophysical mechanisms that contribute to taste sensations in a broader sense. New findings in this area could drive the development of health-promoting products that contain less salt, fat, sugar and calories but still have a convincing mouthfeel.


						
The mouthfeel of a food plays a crucial role in its acceptance. For example, many people prefer the creamy consistency of quark and yogurt. Apples, on the other hand, should be juicy and crunchy and bread crusts crispy. This diversity shows that the optimal mouthfeel is highly dependent heavily on the type of food and is not uniformly defined.

Researching complex interactions

In addition, the interplay between the constituents, the texture and the temperature of food and various sensor molecules and cell types in the mouth is extremely complex. Junior research group leader Melanie Kohler says: "Mechanoreceptors in particular, which react to pressure or stretching, have been under-researched so far with regard to the optimal mouthfeel and their contribution to the flavor of a food."

Veronika Somoza, Director of the Leibniz Institute in Freising, adds: "In our current perspectives article, we present various experimental approaches that can be used to tackle the many unanswered questions surrounding mouthfeel from a biophysical point of view perspective. We have focused on biological atomic force microscopy."

The atomic force microscope is a suitable tool for scanning surfaces at an atomic level or investigating interactions between molecules such as food constituents and receptor proteins. However, it can also be used to apply mechanical pressure to cells, thereby activating mechanoreceptors for identifying and characterizing their cellular signal response.

Rethinking the traditional definition

According to Melanie Kohler, a fundamental biophysical and functional understanding of the diverse mechanosensory key players in oral and extra-oral tissue as well as their responses to food constituents is important. It enables constructing new hypotheses about the contribution of mechanosensors to the overall sensory impression of a food for answering many questions that are still pending in the molecular field.

"With regard to food research, we expect that future results will lead to a revision of our traditional definition of flavor, i.e. the overall sensory impression of a food, by including mechanical perception as an additional factor alongside taste and smell," explains the young scientist. "In terms of food production, our pioneering research approach opens up promising perspectives for the design of future, enjoyable and health-conscious nutritional options," Melanie Kohler continues.
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Researchers create materials with unique combo of stiffness, thermal insulation | ScienceDaily
Researchers have demonstrated the ability to engineer materials that are both stiff and capable of insulating against heat. This combination of properties is extremely unusual and holds promise for a range of applications, such as the development of new thermal insulation coatings for electronic devices.


						
"Materials that have a high elastic modulus tend to also be highly thermally conductive, and vice versa," says Jun Liu, co-corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at North Carolina State University. "In other words, if a material is stiff, it does a good job of conducting heat. And if a material is not stiff, then it is usually good at insulating against heat.

"But there are instances where you'd want materials that are stiff, but are also good insulators," Liu says. "For example, you might want to create thermal insulation coatings to protect electronics from high temperatures. Historically, that's been a challenge.

"We've now discovered a range of materials that are both stiff and excellent thermal insulators. What's more, we can engineer the materials as needed to control how stiff they are and how thermally conductive they are."

Specifically, the researchers were working with a subset of the class of materials called two-dimensional hybrid organic-inorganic perovskites (2D HOIP).

"These are thin films consisting of alternating organic and inorganic layers in a highly ordered crystalline structure," says Wei You, co-corresponding author of this paper and professor of chemistry and applied physical sciences at the University of North Carolina at Chapel Hill. "And we can tune the composition of either the inorganic or organic layer."

"We found that we can control the elastic modulus and thermal conductivity of some 2D HOIPs by replacing some of the carbon-carbon chains in the organic layers with benzene rings," says Qing Tu, co-corresponding author of this paper and an assistant professor of materials science and engineering at Texas A&M University. "Basically -- within this specific subset of layered materials -- the more benzene rings we add, the stiffer the material gets, and the better able it is to insulate against heat."

"While discovering these materials in itself holds tremendous potential for a range of applications, as researchers we are particularly excited because we've identified the mechanism that is responsible for these characteristics -- namely the critical role that the benzene rings play," says Liu.




In experiments, the researchers found at least three distinct 2D HOIP materials that became less thermally conductive the stiffer they got.

"This work is exciting because it suggests a new pathway for engineering materials with desirable combinations of properties," Liu says.

The researchers also discovered another interesting phenomenon with 2D HOIP materials. Specifically, they found that by introducing chirality into the organic layers -- i.e., making the carbon chains in those layers asymmetrical -- they could effectively maintain the same stiffness and thermal conductivity even when making substantial changes to the composition of the organic layers.

"This raises some interesting questions about whether we might be able to optimize other characteristics of these materials without having to worry about how those changes might influence the material's stiffness or thermal conductivity," says Liu.
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Researchers improve satellite surveillance of emperor penguins | ScienceDaily
Monitoring the global population of emperor penguins is a major challenge. Not only do they inhabit Antarctica's harsh, remote environment, their colony occupancy also fluctuates based on a series of factors. A new study published in Nature Communications, "Remote sensing of emperor penguin abundance and breeding success," draws attention to these challenges and presents a method that can accurately predict the number of breeding pairs as well as fledging chicks.


						
Over the last two decades, researchers have been using satellite imagery, among other technologies, as means for keeping track of this threatened species. While it has provided valuable population data, the counts to date are still inconsistent and unreliable for a variety of reasons. The first is that satellite images can only be taken between October and April, otherwise there isn't enough light to capture the species at their breeding sites, mostly on sea ice. Another challenge of satellite imagery is that the number of penguins present at a colony can highly vary, as adults may come and go. It also cannot capture chicks.

What this new method accomplishes is to use satellite imagery in conjunction with a phenological and a behavioral model.

"This means taking into consideration seasonal and conditional occurrences that may be taking place at the time a satellite image is captured. When it comes to emperor penguins, those include events such as the currently perceived penguin temperature, comparable to the windchill temperature for humans, and foraging efforts," said Daniel Zitterbart, one of the study's senior authors and an associate scientist at Woods Hole Oceanographic Institution (WHOI). "We tested these phenological and behavioral models for periods of three and four years in two different colonies."

The estimated counts from the satellite imagery were compared to a dataset collected over a 10 year period at the Pointe Geologie colony. Celine Le Bohec, a senior author of the study from CNRS-France and Scientific Centre of Monaco, whose team collected this dataset, emphasizes the importance of long-term, systematic time series for understanding and predicting the impacts of global changes.

"Systematic data collection on the biological component of ecosystems is still in its infancy, especially in harsh environments, in which consistent and repeatable research is particularly hard to achieve," Le Bohec said. "In the coming years, climate change, fishing and other human interference in emperor penguin's habitat will put the species ability to adapt under harsh pressure. This scarcity still constitutes a critical knowledge gap, and getting this methodology correct in a timely manner for emperor penguins will help to protect them."

The study's lead author, Alexander Winterl, a PhD candidate at Friedrich-Alexander Universitat Erlangen-Nurnberg, says he hopes these new population counts will contribute to more accurate predictions and inform policy.

"The rapid decline of ice on and around Antarctica threatens their livelihood." Winterl said. "Previous studies suggest that over 90% of the emperor penguin colonies will disappear by 2100 without major cuts in greenhouse gas emissions. We need to have accurate population data to make people aware of these extreme changes in the Southern Ocean, not only to protect these seabirds, but to draw awareness to the overarching impacts of climate change."

"Emperor penguins are at the top of the food web.They are a reflection of how lower levels of the marine food web are being impacted," Zitterbart said. "This research has the potential to transform the emperor penguin from a hard-to-study species to the canary in a coal mine of the Southern Ocean and act as an early warning system for ecosystem health. Using this new method, our next goal is to use annual satellite imagery to get accurate population counts and breeding success in all 66 emperor penguin colonies known to date."
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More than just social media use may be causing depression in young adults, study shows | ScienceDaily
Over the past few decades, there has been a significant increase in the prevalence of depression in adolescents and young adults -- and a simultaneous uptick in the inclusion of technology and social media in everyday life. However, it is unclear how exactly social media use and depression are associated and relate to other behaviors, such as physical activity, green space exposure, cannabis use and eveningness (the tendency to stay up late).


						
In a study published May 15 in the International Journal of Mental Health and Addiction, a team of researchers, led by experts at Johns Hopkins Children's Center, investigated the association among social media use, depression and other health-related behaviors of young adults over time.

"Research shows that when social media use is high, depression is also high. But the question is -- is that because social media caused that person to be depressed? Or is it because people who are depressed tend to also use social media more, and spend less time exercising and being in green spaces? That is what we wanted to understand," says Carol Vidal, M.D., Ph.D., M.P.H., the first author of the study, a child and adolescent psychiatrist at Johns Hopkins Children's Center and an assistant professor of psychiatry and behavioral sciences at the Johns Hopkins University School of Medicine.

In their study, 376 young adults in Canada (82.4% women) were asked to complete three online questionnaires between May 2021 and January 2022. At each point, participants self-reported depressive symptoms based on the Patient Health Questionnaire (PHQ-9) -- a nine-item scale that is commonly used to measure depression -- as well as social media use, greenspace exposure, physical activity and cannabis use.

The researchers found that most study participants had at least mild depressive symptoms. Findings showed that participants who had higher social media use tended to be more depressed, and people who were more depressed also tended to use social media more. However, researchers found that social media use did not cause an increase or decrease in depressive symptom levels over time.

"We found that if you tended to be a person who was depressed, you were a person also spending more time on social media," explains Vidal.

Researchers also found that higher levels of social media use and higher levels of depressive symptoms were associated with lower levels of green space exposure. In addition, cannabis use and higher eveningness were also associated with higher depressive levels.

The study authors say these results show social media use and depression are associated, but do not provide evidence that greater social media use predicts an increase in depressive symptoms over time. The team also says these findings indicate people who suffer from depression should be cautious about the amount of time they spend on social media and should be encouraged to incorporate other healthy habits into their lifestyle.

"Being indoors and not exercising, staying up late and using cannabis has its risks," says Vidal. "It is important for providers to educate patients and for parents to instill healthy habits in their kids -- having a balance of moderate social media use and other outdoor activities and exercise is what people should strive for in today's digital age."

Vidal and other investigators believe there are many aspects to social media, and there are important next steps to learn more about its impact on the mental health of people of all ages, including younger children and adolescents.
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What makes some plant groups so successful? | ScienceDaily
Irish researchers involved in cataloguing the world's plant species are hunting for answers as to what makes some groups of plants so successful. One of their major goals is to predict more accurately which lineages of flowering plants -- some of which are of huge importance to people and to ecosystems -- are at a greater risk from global climate change.


						
There are around 350,000 species of flowering plants on Earth and each one is organised into a group called a genus, made up of closely related species with structural similarities. Some genera are small with just a single species (with relatively unique traits), but others are disproportionately large and contain thousands of species.

The "big plant genera" form a significant proportion of both global and Irish plant diversity, and are of disproportionate importance for both human nutrition and planetary health. Roughly one in four flowering plant species is a member of one of these.

Twenty years after the first assessment of big plant genera, research led by Trinity College Dublin and published today in the Proceedings of the Royal Society shows that these big genera are getting bigger and bigger as more and more species are described.

In fact, more than 10,000 species have been described in just 83 big genera since the year 2000, which is about 2.5 times the size of the total flora of Ireland.

Dr Peter Moonlight, Assistant Professor in Trinity's School of Natural Sciences, led the just-published study. He said: "Until recently, big plant genera were seen as too large to study. But a recent revolution in methods in plant science and the development of global, collaborative networks has allowed us to update our understanding of plant evolution and global plant diversity.

"We now hope to identify common patterns across big plant genera that may explain why they are big when the other 99% of genera are small. Perhaps they have similar distributions, genetics, or morphology -- we don't know yet, but this study is a key step to starting to understand this important evolutionary question.

"Big genera represent lineages of flowering plants that have been extremely successful in the game of evolution. Understanding why they became so successful may help us predict how they and other lineages on the tree of life will respond to the ongoing climate and biodiversity crises. Given that species in these big genera often have narrow ecological ranges in which they flourish, they may be more likely to be threatened by extinction as and when conditions change. They are a significant proportion of our global biodiversity, so perhaps we need to focus our conservation efforts most keenly on them."

In collaboration with his co-authors from the Natural History Museum in London, Royal Botanic Garden Edinburgh, and Rio de Janeiro Botanical Garden, Dr Moonlight will be leading a symposium at the International Botanical Congress in Madrid this summer.
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Orchids support seedlings through 'parental nurture' via shared underground fungal networks | ScienceDaily

A new study, led by researchers from the University of Sheffield in collaboration with The University of Manchester, provides the first evidence that early stage orchid seedlings germinate and thrive near to adult plants due to a kind of parental nurture using underground fungal networks.

Scientists investigated the idea that fungal networks, known as mycorrhizal networks, act as a direct pathway for established orchid plants to share recently produced sugars with developing seedlings.

Professor Katie Field, co-author of the study and Professor of Plant-Soil Processes at the University of Sheffield's School of Biosciences, said: "Our results support the idea that some orchids engage in a form of 'parental nurture' with their seedlings. By supplying early stage seedlings with essential nutrients via shared fungal connections, the parent orchids give the seedlings an advantage over neighbouring plants that are competing for the same resources.

"This finding is exciting because why these orchids are often found in clumps, despite their seeds being wind dispersed, has been a puzzle for hundreds of years."

The study focused on the Common Spotted Orchid and its fungal partner, Ceratobasidium cornigerum. Researchers created a system where mature, green orchids were connected to developing, chlorophyll-free seedlings through a fungal network grown on agar.

The mature plants were then exposed to a special form of carbon dioxide that could be tracked within the system.




Here's how it worked:
    	Green orchid plants were connected to developing seedlings through the fungal network.
    	The green plants were then exposed to a special form of carbon dioxide that could be tracked within the system.
    	After a period of time, the researchers analysed both the seedlings and the fungal network to see where the labelled carbon ended up.

The results were clear, the seedlings were accumulating the labelled carbon, indicating they were being supported by the adult plants. By tracking the movement of carbon, the study showed that the mature orchids were indeed sharing their recently produced sugars with the seedlings through the fungal network.

Sir David Read, Emeritus Professor of Plant Sciences from the University of Sheffield and lead author of the study, said: "Whereas the seeds of most plants, for example legumes (peas, beans) and grasses (rice, corn, wheat) are fully provisioned with food reserves by their parent plants, the so-called dust seeds of orchids receive insufficient reserves from the parents to develop on their own.

"They are instead produced in their millions by each individual parent orchid plant from which they are dispersed, by wind, to the surrounding environment. Even Charles Darwin was puzzled by this strategy, suggesting that while it should enable the seeds of an individual orchid plant to be so widely distributed that within a few years it could colonise the whole world. He observed that their failure to do so 'could not be understood at this time'.

"What is now revealed is that the belowground development of these essentially reserve-free seeds can be supported by photosynthetically produced sugars that are transported to them from mature plants growing above ground through a shared mycelium of symbiotic fungi."

Results of the study, published in New Phytologist, show the amount of carbon transferred seemed to depend on the environment. When the fungus had access to a richer food source (oatmeal agar), less carbon was transferred to the seedling. This suggests that the strength of the demand from the seedlings may influence the flow of nutrients through the network.

This research has important implications for understanding orchid ecology and conservation efforts. By recognising the importance of fungal connections, scientists can develop better strategies for protecting these unique and often threatened plants.

Next steps are to research this theory in the natural habitat that the orchids are found in and to look at whether this applies to other species.
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Aerosol pollution, greenhouse gases must be reduced simultaneously to keep forest fires in check | ScienceDaily
If we want cleaner air, fewer forest fires, and less severe climate change, a new UC Riverside study shows we must reduce aerosol pollution and greenhouse gases like carbon dioxide at the same time.


						
The study found that boreal forests in the northern hemisphere are particularly vulnerable to negative effects of cleaning up aerosol pollution. This includes forests in Canada, Alaska, northern Europe, and northern Russia.

Aerosols are small particles like dust and sea salt as well as airborne chemicals produced by fossil fuel combustion. They are responsible for poor air quality. The UCR study, published in the journal Science Advances, showed that reducing levels of human-made aerosols causes an increase in wildfires, especially in northern hemisphere forests.

Because aerosol particles like sulfate and their precursors like sulfur dioxide reflect sunlight and help make clouds brighter, removing them means more of the sun's heat hits the ground.

"Cleaning up the air, which is something we all want to do, will accelerate global warming and also impact wildfires unless we also reduce emissions of greenhouse gases like methane and carbon dioxide," said Robert Allen, UCR climatology professor and lead study author.

The warming effect of atmospheric carbon dioxide levels is well known. Burning fossil fuels for heat, electricity, and transportation is adding increasing levels of CO2 into the atmosphere. The CO2 acts like a blanket, preventing heat from leaving Earth.

Heat waves and drought occur more frequently in today's climate than they did 50 years ago. These conditions cause plants to die and become kindling for wildfires.




"When you dry out the soil, that also dries out plants, which makes them more combustible," Allen said. "Warming contributes to wildfires."

Both CO2 and aerosol reductions cause warming and create large increases in forest fires. However, reducing aerosol emissions creates more fire.

"We usually associate fire activity with increasing heat -- drier conditions, enhanced combustibility, and so on," Allen said. "But in our experiments, we saw that even though increases in CO2 cause a bigger increase in temperatures, there is actually a bigger increase in fire activity with aerosol mitigation."

As plants convert light into food in a process called photosynthesis, they use CO2. With more CO2 in the atmosphere, plants don't have to keep the pores in their leaves open for as long to get the CO2 they need. Keeping their pores closed allows them to retain more water. It also means the plants don't need to draw as much water from the soil.

This implies that under aerosol mitigation, plants dry out more. As fewer cooling aerosols make conditions warmer, water evaporates more from plant pores. As the plants lose water, they have to draw more of it from the soil, which also leads to drier soil.

Of note is that human-made aerosols have a short lifespan. "If you stopped aerosol emissions today, they'd fall out of the atmosphere in a week," Allen said.




Globally, there has been progress on reducing sulfate aerosols resulting from sulfur dioxide emissions. The U.S. and Europe have significantly decreased coal combustion. Remaining coal-fired power plants now use "scrubber" technology that prevents these chemicals from forming. "This is good for air quality but potentially bad for the climate," Allen said.

One faster way to offset the warming induced by aerosol mitigation would be to make significant reductions in methane emissions from agriculture, fossil fuels, and landfill waste.

Methane warms the planet 86 times more powerfully than carbon dioxide but has a much shorter half-life. Methane only lasts about a decade, compared to CO2 which can potentially last for thousands of years.

"The warming you'd get from reducing aerosols could be offset by reducing enough methane," Allen said.

More than 150 countries have signed a pledge to reduce methane emissions by at least 30 percent from 2020 levels by 2030. The participants represent more than half of all human-made methane emissions, so it is an achievable goal.

"We are on the right trajectory with regards to aerosols and methane. I still have hope, but there is a narrow window of time to make this happen and avoid the worst projected climate impacts," Allen said. "This decade is the important one."
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Quality over quantity for screen time -- study | ScienceDaily
It is what we are looking at, rather than how much time we are spending our time online that influences our health and wellbeing, according to a major new report.


						
The study, published in the journal World Psychiatry, is a comprehensive examination of the latest scientific evidence on screen time and mental health, carried out by an international research team.

The authors emphasise the importance of taking an individualised and multi-dimensional approach to how the Internet affects mental health, cognition and social functioning. Content that may be relatively harmless to some users may be damaging to a different demographic, such as the impact photos promoting unrealistic body shapes may have on people vulnerable to eating disorders or low self-esteem.

The report addresses a range of impacts that an increased online presence has on wellbeing, tackling issues such as 'fear of missing out', how behaviours and viewpoints are manipulated through social media, isolation, social comparisons, and the effects on the body such as increased sedentary behaviour.

Co-author Lee Smith, Professor of Public Health at Anglia Ruskin University (ARU), said: "Take two scenarios: In the first, a young person is accruing a total of four hours per day online, through constantly engaging with distracting notifications whenever they appear on screen, and then scrolling endless streams of short-form media which can be algorithmically geared towards their vices or insecurities. This could result in reduced concentration on important tasks, or cause body image issues or low self-esteem.

"In the second scenario, there is an older adult spending the exact same four hours per day online, but instead using this time to foster new social relationships and access educational content, providing benefits for their wellbeing and even brain functioning. Here, we can see very different outcomes arise from the exact same amount of time spent online."

This emerging evidence of how the online world can influence our social functioning and brain health can be used to begin developing more concrete guidelines and strategies for helping people to maximise the benefits, and minimise the risks, of their own individual 'online lives'.

Senior Author, Dr Josh A. Firth from University of Leeds explained: "Right now, lots of the guidelines and recommendations around internet usage have focused on limiting the amount of time we spend online.

"While there is common sense in reducing our digital device usage to ensure time for healthy 'real world' activities, we are now able to describe how the consequences of our digital device usage are determined by things far beyond just time spent online."

Professor Smith added: "Through drawing together the latest evidence from neuroscience, populational health and psychological studies, this report is able to describe how the positive or negative effects of internet usage for an individual can be influenced by simple things like age and sociodemographic status, along with complex factors around the actual nature of individuals' 'online lives'."
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Fatal attraction: When endangered species try to mate with domestic relatives, both wildlife and people lose | ScienceDaily
Sticks and stones aren't enough to thwart biological attraction, but sometimes those are the only tools available to pastoralists trying to prevent wildlife from eloping with their livestock.


						
A new study led by Colorado State University brings awareness to both the human impacts of these encounters -- ranging from economic loss to death -- and conservation concerns for the wild animals that are often endangered.

Conserving threatened and endangered species is a globally recognized priority, but justice and equity for the marginalized pastoralist populations around the world who experience conflict with these species are often overlooked, according to the study's authors. Many pastoralists are Indigenous people with only sticks and stones as defense against aggressive wild males trying to usurp domestic females -- either by lobbing them at wild intruders or building stone walls to contain livestock.

"Can you imagine being on a treeless plain with an angry, 2,000-pound, testosterone-crazed, giant wild camel or wild yak barreling down on you and with stones as your only weapon?" said lead author Joel Berger, a professor in CSU's Warner College of Natural Resources and senior scientist with the Wildlife Conservation Society. "Not much safety there."

Pastoralists who tangle with wildlife might lose livestock and income or suffer injury or death. However, when wildlife clashes with livestock keepers, wildlife usually loses.

Flirting with disaster

Wild males that interfere with herders by attempting to court domestic females are sometimes killed out of retaliation, said co-author Naresh Kusi, the country program director at Himalayan Wolves Project. Kusi leads wild yak research for the program in Nepal, where the animal was once thought extinct. His team rediscovered the wild yak there in 2014.




Endangered wild yaks, wild camels, elephants, banteng and gaur (the latter two are Southeast Asian cattle) clash with pastoralists while looking for mates. Bison, wild sheep, ibex and guanacos (a llama-like wild camel in South America) also seek to procreate with domestic relatives, sometimes to their peril.

Before judging these frisky, four-legged Casanovas, understand that their mating pool is limited. For some of these native species, less than 1% exist in the wild.

Wild ancestors to domesticated stock are displaced as their habitat shrinks -- sometimes due to the expansion of livestock grazing lands. In places where livestock owners have guns, wild relatives have been killed to prevent intermingling. Such was the fate of many reindeer.

Reining in reindeer

Reindeer and caribou -- biologically the same species with different names based on geography -- live in the northern reaches of the globe in wild, feral, free-ranging and domestic forms. Wild reindeer numbers have declined dramatically, with some subspecies listed as endangered, mostly due to habitat loss.

According to the study, domestic Eurasian reindeer were introduced into western Alaska in the 1890s to offer an additional source of food and fiber for local Inupiat, Indigenous people native to northern Alaska. Wild male reindeer lured away domestic females for breeding. Herders in northern Europe and Asia experienced similar conflict, but wild interlopers were kept in check on all three continents through lethal means, to the benefit of herders and to the detriment of biodiversity.




Introgression vs. genetic purity

Hybridization and disease spread between wild ancestors and domestic descendants is a global issue affecting conservation and pastoral livelihoods -- even in the United States, where bison and bighorn sheep can become susceptible to disease when exposed to domestic partners or vice versa.

Herders sometimes favor hybridization because genes from wild progenitors are thought to enhance the hardiness of domestic stock. However, conservationists worry about the reduction in the genetic purity of wild species.

"From the perspective of genetic diversity, hybridization poses a potential threat to the wild ancestors because continuous introgression with the domestic relatives may gradually erode the genetic integrity of the wild forms, leading to the dilution of the wild gene pool over time," Kusi said.

Widespread human-wildlife conflict

The intermingling of wild animals and livestock may challenge only a small segment of the global human population, but it affects pastoralists on nearly every continent -- Africa, Asia, Europe, Australia and the Americas.

While the issue is geographically widespread, solutions must be locally specific and consider community perspectives, the authors said. To reduce human-wildlife conflict, herders, conservationists and government officials all must come together to develop culturally conscious best practices and solutions, they wrote.

"There is much value to existence, even for places humans will not visit and for species they might not ever see," Berger said. "Giving a voice and recognition to the problems can improve conservation needs for both people and endangered species."
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Could a medicated foam make gene therapies more accessible? | ScienceDaily
Foam mixed with medications is already used to treat conditions such as varicose veins, hemorrhoids, wounds on the skin and even hair loss. Now, Fred Hutch Cancer Center scientists have found that foam might also be used as a vehicle to deliver expensive gene therapies.


						
Published May 28 in Nature Communications, bioengineer Matthias Stephan, MD, PhD, and his Fred Hutch team report that a foaming liquid worked better than a standard liquid formulation at transferring gene therapy components to cells in laboratory studies.

"Gene therapies are the new wave of medicine, but they are extremely expensive and difficult to make," said Stephan, a professor in the Translational and Therapeutics Division at Fred Hutch. "Our gene therapy foam shows for the first time that by taking a small amount of an expensive gene therapy drug, increasing its volume by embedding it in a solution that is mostly made of densely packed air bubbles and then applying it to cells, we can achieve a strong and safe transfer of gene therapy agents to cells."

Gene therapies in development for cancers, infectious diseases, inherited disorders and other diseases hold tremendous promise for providing long-lasting treatments by fixing the underlying biology. However, they also face major barriers including getting the therapies to the parts of the body where they're needed and the high cost of making laboratory-modified viruses called vectors that deliver therapies to diseased cells. Foam could be the key to delivering gene therapies more simply and cheaply.

While the study is proof-of-concept, Stephan envisions the gene therapy foam as a possible solution for treating cancers that are in confined spaces, such as ovarian, pancreatic and gastrointestinal cancer and autoimmune diseases that affect the digestive system.

"The foam could be applied to confined spaces to push again body tissues that have the disease, and the medication in the foam could adhere to those diseased cells," Stephan explained. "Then as the air bubbles pop, the liquid with the gene therapy can drain away."

Stephan has used other materials, such as nanoparticles and a tiny implantable sponge, to deliver genetic instructions to fight disease directly to cells. Looking for a new delivery vehicle, he was inspired by shaving foam.




"Foam is mostly gas bubbles separated by thin liquid films and it is already safely used in medicines and the food industry," Stephan said. "We have not seen foam used with genetic materials, and I wondered if it could help solve the problem of gene therapy delivery."

In the lab

In a series of lab experiments, Stephan and his team examined whether they could take a small amount of very expensive gene therapy vectors, mix them with gene editing materials and different foaming agents, and then apply the mixture to cells to see if the cells would take up the gene edits.

To test their approach, the team used another immune-based therapy: the mRNA for a COVID-19 vaccine, which teaches the immune system to attack the virus by showing the immune system the biological code for what the virus looks like.

The Fred Hutch team made their own solution of a COVID-19 mRNA vaccine with a biological tweak that allowed it to glow once it was delivered to cells. This way, once the lab-engineered gene therapy product was taken up by cells, the team could see it using a microscope.

To develop the foam, the team determined methylcellulose, a food additive used in ice cream and other products, created the best foam for transferring gene therapy product to cells and stayed in place where it was deposited.




When the team mixed the foam with cells, the foam substantially boosted gene transfer and outperformed liquid formulations. Then, when the team injected a small amount of foam into the abdominal cavity of mice, within one day the gene therapy transferred from the foam to the targeted cells without significant side effects.

Beyond the lab

The technology is many years from being used in people. Stephan hopes to attract external academic and industry collaborators to further develop the approach.

"The goal of my work is to make modern medicines work better for people everywhere," Stephan said. "I believe that our future medical breakthroughs will arise from our deep understanding of disease biology and our knack for finding innovative solutions in unexpected places."
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New technique offers more precise maps of the Moon's surface | ScienceDaily
A new study by Brown University researchers may help redefine how scientists map the surface of the Moon, making the process more streamlined and precise than ever before.


						
Published in the Planetary Science Journal, the research by Brown scholars Benjamin Boatwright and James Head describes enhancements to a mapping technique called shape-from-shading. The technique is used to create detailed models of lunar terrain, outlining craters, ridges, slopes and other surface hazards. By analyzing the way light hits different surfaces of the Moon, it allows researchers to estimate the three-dimensional shape of an object or surface from composites of two-dimensional images.

Accurate maps can help lunar mission planners to identify safe landing spots and areas of scientific interest, making mission operations smoother and more successful.

"It helps us piece together a better idea of what is actually there," said Boatwright, a postdoctoral researcher in Brown's Department of Earth, Environmental and Planetary Sciences and lead author of the new paper. "We need to understand the surface topography of the Moon where there isn't as much light, like the shadowed areas of the lunar south pole where NASA's Artemis missions are targeting. That will allow autonomous landing software to navigate and avoid hazards, like large rocks and boulders, that could endanger a mission. For that reason, you need models that map the topography of the surface at as high a resolution as possible because the more detail you have, the better."

The process to develop precision maps, however, is labor intensive and has limitations when it comes to complex lighting conditions, inaccurate shadow interpretation and handling terrain variability. The Brown researchers' improvements to the shape-from-shading technique focuses on addressing these issues.

The scholars outline in the study how advanced computer algorithms can be used to automate much of the process and significantly heighten the resolution of the models. The new software gives lunar scientists the tools to create larger maps of the Moon's surface that contain finer details at a much faster pace, the researchers say.

"Shape-from-shading requires that the images that you're using be perfectly aligned with one another so that a feature in one image is in the exact same place in another image to build up those layers of information, but current tools are not quite in a place where you can just give it bunches of images and it'll spit out a perfect product," Boatwright said. "We implemented an image alignment algorithm where it picks out features in one image and tries to find those same features in the other and then line them up, so that you're not having to sit there manually tracing interest points across multiple images, which takes a lot a of hours and brain power."

The researchers also implemented quality control algorithms and additional filters to reduce outliers from the alignment process -- tools to ensure the aligned images actually match and remove images that don't align as well. By only selecting images that end up being usable, this improves quality and takes precision down to submeter resolutions. The speed also allows for larger surface areas to be examined, increasing the production of these maps.




The researchers evaluated the accuracy of their maps by comparing them with other existing topographic models, looking for discrepancies or errors in lunar surface features. They found the maps generated using their refined shape-from-shading method were more precise compared to those derived from traditional techniques, showing more subtle features and variations of lunar surface terrain.

For the study, the researchers primarily used data from Lunar Orbiter Laser Altimeter and Lunar Reconnaissance Orbiter Camera, instruments onboard NASA's Lunar Reconnaissance Orbiter, which has been orbiting the Moon since 2009.

The scientists plan to use their refined shape-from-shading software to produce lunar maps, and they hope others will use it in their modeling efforts, as well. It's why they used open-source algorithms to produce the tool.

"These new map products are significantly better than what we had in exploration planning during the Apollo missions, and they will very much improve the mission planning and scientific return for Artemis and robotic missions," said Head, a professor of geological sciences at Brown who worked in the Apollo program.

The researchers hope the new tool will add to the current interest in the science and exploration of the Moon happening at NASA and in space agencies around the world.

"There's a wealth of information to be gained from making these types of tools accessible to all," Boatwright said. "It's an egalitarian way of doing science."

The work was supported by the NASA Goddard Space Flight Center.
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Scent detection dogs discern odour molecules better than previously thought | ScienceDaily
According to a recent study, dogs trained to detect scent may be able to identify significantly lower concentrations of odour molecules than has previously been documented.


						
A study carried out by the University of Helsinki's DogRisk research group, the University of Eastern Finland and Wise Nose -- Scent Discrimination Association in Finland investigated the threshold for scent detection in dogs.

The study revealed that dogs can learn to identify concentrations of eucalyptus hydrolate that are clearly below the detection threshold of sophisticated analytical instruments used today. The concentrations were also far below previously reported levels.Dogs' extraordinary sense of smell can be exploited, for example, in search and rescue operations and in medical detection.

The 15 dogs that participated in the study had different training backgrounds. Some dogs had experience of nose work, which is a hobby and competitive dog sport, while some had been trained to identify diseases, mould or pests.

In the study, the dogs were to differentiate samples containing low concentrations of eucalyptus hydrolate from samples containing only water.The focus was on determining the lowest concentration that the dogs could detect for certain. The study included three different tests where the concentrations of the hydrolate were diluted gradually until the dogs could no longer identify the scent. This determined the threshold for their scent detection ability.

"The dogs' scent detection threshold initially varied from 1:104-1:1023 but narrowed down to 1:1017-1:1021 after a training period. In other words, the dogs needed 1 to 10 molecules per millilitre of water to detect the right sample. For perspective, a single yeast cell contains 42 million molecules," describes the principal investigator of the study, Anna Hielm-Bjorkman from the University of Helsinki.

In addition, the researchers found that there was great variation between the eucalyptus hydrolate products commonly used in nose work. They analysed ten commercial products and detected, for instance, different concentrations of eucalyptol and lower alcohols.

"This explains why many dogs used to commercial eucalyptus hydrolates showed unexpectedly poor results in the study. Their sense of smell is so precise that they did not identify the eucalyptus hydrolate used in the study to be same substance that they were familiar with. This demonstrates the importance of using standardised nose work products in both training and sports competitions," concludes Visiting Researcher Soile Turunen from the University of Eastern Finland.
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Heart healthy behaviors may help reverse rapid cell aging | ScienceDaily
The benefit of better heart health may be associated with the positive impact of heart healthy lifestyle factors on biological aging (the age of the body and its cells), 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.


						
"Our study findings tell us that no matter what your actual age is, better heart-healthy behaviors and managing heart disease risk factors were associated with a younger biological age and a lower risk of heart disease and stroke, death from heart disease and stroke and death from any cause," said Jiantao Ma, Ph.D., senior study author and an assistant professor in the division of nutrition epidemiology and data science at the Friedman School of Nutrition Science and Policy at Tufts University in Boston.

This study analyzed whether a chemical modification process known as DNA methylation, which regulates gene expression, may be one mechanism by which cardiovascular disease health factors affect cell aging and the risk of death. DNA methylation levels are the most promising biomarker to estimate biological age. To some degree, biological age is determined by your genetic makeup, and it can also be influenced by lifestyle factors and stress.

Researchers examined health data for 5,682 adults (mean age of 56 years; 56% of participants were women) who were enrolled in the Framingham Heart Study, an ongoing, large, multigenerational research project aimed at identifying risk factors for heart disease. Using interviews, physical exams and laboratory tests, all participants were assessed using the American Heart Association's Life's Essential 8 tool. The tool scores cardiovascular health between 0-100 (with 100 being the best) using a composite of four behavioral measures (dietary intake, physical activity, hours slept per night and smoking status) and four clinical measurements (body mass index, cholesterol, blood sugar and blood pressure). Each participant was also assessed using four tools that estimate biological age based on DNA methylation and a fifth tool that assesses a person's genetic tendency towards accelerated biological aging. Participants were followed for 11-14 years for new-onset cardiovascular disease, cardiovascular death or death from any cause.

The analysis found:
    	For each 13-point increase in an individual's Life's Essential 8 score, the risk of developing cardiovascular disease for the first time was reduced by about 35%, death from cardiovascular disease was reduced by 36% and death from any cause was reduced by 29%.
    	In participants with a genetic risk profile making them more likely to have an accelerated biological age, the Life's Essential 8 score had a larger impact on outcomes potentially via DNA methylation, i.e., DNA methylation accounted for 39%, 39%, and 78% reduction in the risk of cardiovascular disease , cardiovascular death and all-cause death, respectively.
    	Overall, about 20% of the association between Life's Essential 8 scores and cardiovascular outcomes was estimated to be due to the impact of cardiovascular health factors on DNA methylation; in contrast, for participants at higher genetic risk, the association was almost 40%.

"While there are a few DNA methylation-based, biological age calculators commercially available, we don't have a good recommendation regarding whether people need to know their epigenetic age," Ma said. "Our message is that everyone should be mindful of the eight heart disease and stroke health factors: eat healthy foods; be more active; quit tobacco; get healthy sleep; manage weight; and maintain healthy cholesterol, blood sugar and blood pressure levels."

Randi Foraker, Ph.D., M.A., FAHA, co-author of the Life's Essential 8: Updating and Enhancing the American Heart Association's Construct of Cardiovascular Health, said the findings are consistent with prior research.




"We know that modifiable risk factors and DNA methylation are independently associated with cardiovascular disease. What this study adds is that DNA methylation may serve as a mediator between risk factors and cardiovascular disease," said Foraker, who is a professor of medicine at the Institute for Informatics, Data Science and Biostatistics and director of the Center for Population Health Informatics, both at Washington University School of Medicine in St. Louis, Missouri. "The study highlights how cardiovascular health can impact biological aging and has important implications for healthy aging and prevention of cardiovascular disease and potentially other health conditions."

Study details, background and design:
    	The study analyzed health data for a subgroup of participants who attended the Framingham Heart Study exams in the offspring group from 2005 to 2008 and the third-generation group from 2008 to 2011.
    	Participants were followed for an average of 14 years for children of original participants and 11 years for the grandchildren.
    	Health outcomes for the analysis included the development of cardiovascular disease (coronary heart disease, heart attack, stroke or heart failure), death from any cardiovascular disease or death from any cause.
    	Results were adjusted for sex, age and alcohol use. Results for all-cause death were adjusted for the presence of cancer (excluding non-melanoma skin cancer) or heart disease at study enrollment. Participants already diagnosed with heart disease at study enrollment were excluded from the analysis of new-onset cardiovascular disease.
    	The four tools to measure DNA methylation-based epigenetic age scores were based on established algorithms for DunedinPACE Score, PhenoAge, DNAmTL and GrimAge. A fifth tool, GrimAge PGS, assessed genetic tendency towards accelerated biological aging.

Because the study is an analysis of previously collected health data, it cannot prove a cause-and-effect relationship between cardiovascular health risk factors and DNA methylation. In addition, DNA methylation measures were from a single time point, which limits the validity of the mediation effect. The study's findings are also limited because the participants were predominantly of European ancestry, so the interactions of Life's Essential 8 and genetic aging found in this study may not be generalizable to people of other races or ethnicities.

"Currently, we are expanding our research to include people of other racial and ethnic groups to further investigate the relationship of cardiovascular risk factors and DNA methylation," Ma said.

According to the American Heart Association's 2024 Heart Disease and Stroke Statistics, heart disease and stroke claimed more lives in the U.S. in 2021 than all forms of cancer and chronic lower respiratory disease combined, and also accounted for approximately 19.91 million global deaths.
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Hitting the target with non-invasive deep brain stimulation: Potential therapy for addiction, depression, and OCD | ScienceDaily
Neurological disorders, such as addiction, depression, and obsessive-compulsive disorder (OCD), affect millions of people worldwide and are often characterized by complex pathologies involving multiple brain regions and circuits. These conditions are notoriously difficult to treat due to the intricate and poorly understood nature of brain functions and the challenge of delivering therapies to deep brain structures without invasive procedures.


						
In the rapidly evolving field of neuroscience, non-invasive brain stimulation is a new hope for understanding and treating a myriad of neurological and psychiatric conditions without surgical intervention or implants. Researchers, led by Friedhelm Hummel, who holds the Defitchech Chair of Clinical Neuroengineering at EPFL's School of Life Sciences, and postdoc Pierre Vassiliadis, are pioneering a new approach in the field, opening frontiers in treating conditions like addiction and depression.

Their research, leveraging transcranial Temporal Interference Electric Stimulation (tTIS), specifically targets deep brain regions that are the control centers of several important cognitive functions and involved in different neurological and psychiatric pathologies. The research, published in Nature Human Behaviour, highlights the interdisciplinary approach that integrates medicine, neuroscience, computation, and engineering to improve our understanding of the brain and develop potentially life-changing therapies.

"Invasive deep brain stimulation (DBS) has already successfully been applied to the deeply seated neural control centers in order to curb addiction and treat Parkinson, OCD or depression," says Hummel. "The key difference with our approach is that it is non-invasive, meaning that we use low-level electrical stimulation on the scalp to target these regions."

Vassiliadis, lead author of the paper, a medical doctor with a joint PhD, describes tTIS as using two pairs of electrodes attached to the scalp to apply weak electrical fields inside the brain. "Up until now, we couldn't specifically target these regions with non-invasive techniques, as the low-level electrical fields would stimulate all the regions between the skull and the deeper zones -- rendering any treatments ineffective. This approach allows us to selectively stimulate deep brain regions that are important in neuropsychiatric disorders," he explains.

The innovative technique is based on the concept of temporal interference, initially explored in rodent models, and now successfully translated to human applications by the EPFL team. In this experiment, one pair of electrodes is set to a frequency of 2,000 Hz, while another is set to 2,080 Hz. Thanks to detailed computational models of the brain structure, the electrodes are specifically positioned on the scalp to ensure that their signals intersect in the target region.

It is at this juncture that the magic of interference occurs: the slight frequency disparity of 80 Hz between the two currents becomes the effective stimulation frequency within the target zone. The brilliance of this method lies in its selectivity; the high base frequencies (e.g., 2,000 Hz) do not stimulate neural activity directly, leaving the intervening brain tissue unaffected and focusing the effect solely on the targeted region.




The focus of this latest research is the human striatum, a key player in reward and reinforcement mechanisms. "We're examining how reinforcement learning, essentially how we learn through rewards, can be influenced by targeting specific brain frequencies," says Vassiliadis. By applying stimulation of the striatum at 80 Hz, the team found they could disrupt its normal functioning, directly affecting the learning process.

The therapeutic potential of their work is immense, particularly for conditions like addiction, apathy and depression, where reward mechanisms play a crucial role. "In addiction, for example, people tend to over-approach rewards. Our method could help reduce this pathological overemphasis," Vassiliadis, who is also a researcher at UCLouvain's Institute of Neuroscience, points out.

Furthermore, the team is exploring how different stimulation patterns can not only disrupt but also potentially enhance brain functions. "This first step was to prove the hypothesis of 80 Hz affecting the striatum, and we did it by disrupting it's functioning. Our research also shows promise in improving motor behavior and increasing striatum activity, particularly in older adults with reduced learning abilities," Vassiliadis adds.

Hummel, a trained neurologist, sees this technology as the beginning of a new chapter in brain stimulation, offering personalized treatment with less invasive methods. "We're looking at a non-invasive approach that allows us to experiment and personalize treatment for deep brain stimulation in the early stages," he says. Another key advantage of tTIS is its minimal side effects. Most participants in their studies reported only mild sensations on the skin, making it a highly tolerable and patient-friendly approach.

Hummel and Vassiliadis are optimistic about the impact of their research. They envision a future where non-invasive neuromodulation therapies could be readily available in hospitals, offering a cost-effective and expansive treatment scope.
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Health risk from global warming predictor of city climate action during COVID-19, study finds | ScienceDaily
Cities around the world were more likely to maintain climate action and enact 'green recovery' long-term plans after the pandemic if local decision-makers were more alert to the health risks of climate change, a new global study has shown.


						
The health benefits of tackling climate change, such as cleaner air and more access to green spaces, were key drivers in city officials' decisions to continue with climate plans despite funding shortfalls caused by the COVID-19 crisis.

Overall, the study showed that enduring and ambitious climate action during the pandemic was more common in cities in the Global South than in Europe or North America, despite greater funding challenges.

Officials in these cities were also more likely to employ successful practices such as partnering with other cities to strengthen climate action plans, or with businesses to bolster sustainability initiatives.

Study first author Dr Tanya O'Garra, from the Centre from Environmental Policy at Imperial College London, and Middlesex University, said: "Nearly 60% of people live in cities worldwide, which can be economically beneficial for them, but city-dwellers are increasingly vulnerable to multiple crises caused by pandemics, conflict and climate change itself.

"City leaders often pave the way with ambitious climate action until calls to tackle these other threats can draw funds away from their climate goals. Because these major challenges are so intertwined, this leaves their populations more vulnerable to all risks.

"If we find out how city officials can maintain action in the face of such challenges, we can help large populations, especially the poorest and most vulnerable to these interconnected risks, avoid the most serious consequences of climate change."

The research, conducted by researchers in Canada, Germany, the Netherlands, the United States and the UK, is published in the journal Nature Cities.




Driving climate action

The team analysed survey data provided by city officials on the Carbon Disclosure Platform (CDP) from 2021, and other sources, to assess how 793 cities globally responded to the COVID-19 crisis in terms of their climate actions, funding and green recovery efforts.

While they found that in the short term, the majority of city decision-makers kept up their climate commitments, green recovery plans were set up in only 43% of cities, suggesting the remainder of the cities are not investing in longer-term climate plans.

Many previous studies of local city-based climate plans have focused on North America and Europe, but in this study 48% of the cities assessed were in the Global South. The results show that, in general, decision-makers for Global South cities have higher ambition in climate action and promoted more green recovery efforts despite facing greater funding shortfalls than cities in Europe and North America.

The team identified two broad reasons underlying city officials' commitments to climate action. The first is exposure to environmental stress: in cities where citizens experience more climate-related issues (for example, climate hazards like floods or droughts, or persistent issues like air pollution) officials are more motivated to pursue sustained climate action.

The second was early engagement with climate and sustainability: the more that city officials had already engaged in addressing climate and sustainability issues (for example, by joining climate networks, or by aligning economic development with sustainability), the more likely these issues had become embedded in city policies, processes and interactions, making them more likely to continue even under a crisis scenario.




Measuring motivations

The team are now conducting in-depth interviews with city planning and administration officials in a selection of the cities. Preliminary interviews with officials in Kochi, India, confirmed the credit for their resilience was due to many of the factors the team had identified in the data.

For example, interviewees identified the benefits of existing coordination between state and local bodies and engagement with different stakeholders in planning, including academics, entrepreneurs, civil society organizations and the public.

They noted that the pandemic also led to an increased focus on climate action in the city, which has also occurred after other natural disasters.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529143624.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Public have no difficulty getting to grips with an extra thumb, study finds | ScienceDaily
Cambridge researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects.


						
The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

An emerging area of future technology is motor augmentation -- using motorised wearable devices such as exoskeletons or extra robotic body parts to advance our motor capabilities beyond current biological limitations.

While such devices could improve the quality of life for healthy individuals who want to enhance their productivity, the same technologies can also provide people with disabilities new ways to interact with their environment.

Professor Tamar Makin from the Medical Research Council (MRC) Cognition and Brain Sciences Unit at the University of Cambridge said: "Technology is changing our very definition of what it means to be human, with machines increasingly becoming a part of our everyday lives, and even our minds and bodies.

"These technologies open up exciting new opportunities that can benefit society, but it's vital that we consider how they can help all people equally, especially marginalised communities who are often excluded from innovation research and development. To ensure everyone will have the opportunity to participate and benefit from these exciting advances, we need to explicitly integrate and measure inclusivity during the earliest possible stages of the research and development process."

Dani Clode, a collaborator within Professor Makin's lab, has developed the Third Thumb, an extra robotic thumb aimed at increasing the wearer's range of movement, enhancing their grasping capability and expanding the carrying capacity of the hand. This allows the user to perform tasks that might be otherwise challenging or impossible to complete with one hand or to perform complex multi-handed tasks without having to coordinate with other people.




The Third Thumb is worn on the opposite side of the palm to the biological thumb and controlled by a pressure sensor placed under each big toe or foot. Pressure from the right toe pulls the Thumb across the hand, while the pressure exerted with the left toe pulls the Thumb up toward the fingers. The extent of the Thumb's movement is proportional to the pressure applied, and releasing pressure moves it back to its original position.

In 2022, the team had the opportunity to test the Third Thumb at the annual Royal Society Summer Science Exhibition, where members of the public of all ages were able to use the device during different tasks. The results are published today in Science Robotics.

Over the course of five days, the team tested 596 participants, ranging in age from three to 96 years old and from a wide range of demographic backgrounds. Of these, only four were unable to use the Third Thumb, either because it did not fit their hand securely, or because they were unable to control it with their feet (the pressure sensors developed specifically for the exhibition were not suitable for very lightweight children).

Participants were given up to a minute to familiarise themselves with the device, during which time the team explained how to perform one of two tasks.

The first task involved picking up pegs from a pegboard one at a time with just the Third Thumb and placing them in a basket. Participants were asked to move as many pegs as possible in 60 seconds. 333 participants completed this task.

The second task involved using the Third Thumb together with the wearer's biological hand to manipulate and move five or six different foam objects. The objects were of various shapes that required different manipulations to be used, increasing the dexterity of the task. Again, participants were asked to move as many objects as they could into the basket within a maximum of 60 seconds. 246 participants completed this task.




Almost everyone was able to use the device straightaway. 98% of participants were able to successfully manipulate objects using the Third Thumb during the first minute of use, with only 13 participants unable to perform the task.

Ability levels between participants were varied, but there were no differences in performance between genders, nor did handedness change performance -- despite the Thumb always being worn on the right hand. There was no definitive evidence that people who might be considered 'good with their hands' -- for example, they were learning to play a musical instrument, or their jobs involved manual dexterity -- were any better at the tasks.

Older and younger adults had a similar level of ability when using the new technology, though further investigation just within the older adults age bracket revealed a decline in performance with increasing age. The researchers say this effect could be due to the general degradation in sensorimotor and cognitive abilities that are associated with ageing and may also reflect a generational relationship to technology.

Performance was generally poorer among younger children. Six out of the 13 participants that could not complete the task were below the age of 10 years old, and of those that did complete the task, the youngest children tended to perform worse compared to older children. But even older children (aged 12-16 years) struggled more than young adults.

Dani said: "Augmentation is about designing a new relationship with technology -- creating something that extends beyond being merely a tool to becoming an extension of the body itself. Given the diversity of bodies, it's crucial that the design stage of wearable technology is as inclusive as possible. It's equally important that these devices are accessible and functional for a wide range of users. Additionally, they should be easy for people to learn and use quickly."

Co-author Lucy Dowdall, also from the MRC Cognition and Brain Science Unit, added: "If motor augmentation -- and even broader human-machine interactions -- are to be successful, they'll need to integrate seamlessly with the user's motor and cognitive abilities. We'll need to factor in different ages, genders, weight, lifestyles, disabilities -- as well as people's cultural, financial backgrounds, and even likes or dislikes of technology. Physical testing of large and diverse groups of individuals is essential to achieve this goal."

There are countless examples of where a lack of inclusive design considerations has led to technological failure:
    	Automated speech recognition systems that convert spoken language to text have been shown to perform better listening to white voices over Black voices.
    	Some augmented reality technologies have been found to be less effective for users with darker skin tones.
    	Women face a higher health risk from car accidents, due to car seats and seatbelts being primarily designed to accommodate 'average' male-sized dummies during crash testing.
    	Hazardous power and industrial tools designed for a right-hand dominant use or grip have resulted in more accidents when operated by left-handers forced to use their non-dominant hand.

This research was funded by the European Research Council, Wellcome, the Medical Research Council and Engineering and Physical Sciences Research Council.
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Wild megalopolis: Study shows unexpected pockets of biodiversity pepper Los Angeles | ScienceDaily
UCLA biologists have some good news and some bad news for lovers of urban wildlife in Los Angeles. The good news? Unexpected pockets of biodiversity pepper the city. The bad news? It will be a challenge to elevate the level of overall biodiversity of the city. Of all the major taxonomic groups studied, only snails and slugs are 'easy' to find in Los Angeles, probably because of the abundance of landscaping, gardens and irrigation.


						
The research points toward ways Angelenos -- and people elsewhere -- can make their city more hospitable not only to urban-tolerant species such as coyotes, but also to species that usually avoid cities, such as wrentits, a small songbird.

"Los Angeles should rightly pat itself on the back for attracting and supporting mountain lions, most notably, the late, great P-22," said Joseph Curti, a doctoral candidate in ecology and evolutionary biology and lead author of a new study published in the journal PLOS One. "Our study highlights additional native species that are present within even the most urbanized areas of the city."

The research was conducted with Los Angeles as part of the LA City Biodiversity Index, a tool designed to monitor progress toward L.A.'s Green New Deal goal: no net loss of native biodiversity by 2050. The index assesses what's happening to habitats and how various habitats connect, as well as how well the city is engaging with students and the larger community regarding biodiversity and how it's working to protect endangered species through action plans and policies.

In the city's LA Biodiversity Index Baseline Report, Los Angeles received 37 out of 110 possible points. In general, the greater the urban intensity, the fewer native wild species lived there. This metric was designed to be reevaluated every three years, so the city can track measures to attract urban biodiversity.

"This work provides the foundational data and maps needed for the city and Angelenos to proactively create habitat for biodiversity," said co-author Michelle Barton, an environmental manager for the city of Los Angeles. "Over time, we hope to see that initiatives that create new habitat support not just urban tolerant species, but also our urban avoider species."

Using observations logged by the public on the iNaturalist app, the UCLA-led prong of the project evaluated the response of 510 native species within a 124-mile radius of Los Angeles to urban intensity, as indicated by the amount of noise, light and impervious surfaces.




Not surprisingly, the regions of greatest diversity were in areas that bordered hills and mountain ranges or in affluent neighborhoods with ample green spaces. But UCLA researchers also discovered isolated refuges in the heart of the city where some species flourished. Twenty-spotted lady beetles and house wrens, for example, abound in the Dodger Stadium parking lot. Downtown's Pershing Square supports mourning doves, Vaux's swifts, gopher snakes and exotic streaktails, a type of fly that feeds on aphids.

The authors focused on 12 taxonomic groups that are accurately detected and logged by community scientists on iNaturalist:
    	amphibians and reptiles
    	bees and wasps
    	birds
    	butterflies and moths
    	dragonflies and damselflies
    	grasshoppers, locusts and crickets
    	hoverflies
    	lady beetles
    	leafhoppers
    	mammals
    	snails and slugs
    	spiders

The researchers selected observations of animals that were native to the study area, that had a natural history typical for other members of their taxonomic group, and mapped the observations on a quarter-mile grid across the city. They calculated the relationship of a given species to the three measures of urban intensity (noise, light impervious surfaces) and calculated the community-wide average of these species-level responses to urban intensity for each quarter-mile grid cell throughout the city. The scores were intended to assess how well the species fared in the city relative to other species and place them within a continuum of urban tolerance, from most to least avoidant.

For example, data published by previous researchers show that many species of urban raptors, such as Cooper's hawks and red-shouldered hawks, do pretty well in response to urban intensification and increase nesting in urban areas. But some urban raptors, such as American kestrels, decrease nesting in response to increased urban intensification.

Looking at the response to urban intensity as a continuum instead allowed the researchers to understand the responses of species at a finer resolution. For example, red-shouldered hawks had a high score of 0.19 and Coopers hawks had a fairly high score of 0.11, but kestrels had a lower score of -0.03. The scores reveal that while both hawk species are doing relatively well, the Cooper's hawks favor the city somewhat less, and kestrels tend to avoid the city. The findings support and add nuance to the earlier research.

"Now we have a sense of not only urban tolerant/urban avoidant, but the degree to which each species is responding to our measures of urban intensity," Curti said. "This allows us to better understand the species and their relationship to the urban environment."

The city of Los Angeles provides a list of ways in which people can promote biodiversity in their neighborhoods, including:
    	Plant native plants. Those specific areas can be found at Calscape, the California Native Plant Society's website.
    	Create a habitat in your yard by avoiding excessive pruning in the spring and leaving leaves in your yard in the fall, retaining tree snags and other deadwood, which provide habitat for many species.
    	Remove artificial light sources from your home at night.
    	Do not spray herbicides/pesticides around your home.

People should also consider keeping their feline friends indoors because research has established that cats are major predators of birds and other small animals, Curti said.
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Bird flu: Diverse range of vaccines platforms 'crucial' for enhancing human pandemic preparedness | ScienceDaily
Vaccination remains the most effective strategy for avian influenza prevention and control in humans, despite varying vaccine efficacy across strains.


						
That's according to the authors of a new review which delves into existing research into bird flu vaccines for humans.

Published in the peer-reviewed journal Human Vaccines & Immunotherapeutics, the results of the paper are particularly timely following news last week (Wednesday 22nd May) that the bird flu strain H5N1 had once again, for a second time, jumped from cattle in America to a human -- prompting fears of subsequent human-to-human infection, with possible critical consequences.

Instances of the avian influenza were first recognized in US cattle in March. Since then, this strain has mainly spread from cow-to-cow and scientists have discovered very high levels of virus in raw milk (pasteurized milk is safe, having shown viral RNA but not infectious virus). To-date two people, however, are known to have contracted the bird flu virus. Both patients -- US farmers -- only reported eye symptoms and with treatment they made a full recovery.

Following tests on the first human instance, it was seen that the strain had mutated to be better adapted to mammalian cells, but as long as that human didn't pass it onto another person it likely stopped the spread at that point. With the second case, the CDC has released a statement to say it has been monitoring influenza surveillance systems intently, especially in impacted states. "There has been no sign of unusual influenza activity in people, including in syndromic surveillance," they report.

The concern now, though, is that if H5N1 continues to be given the environment in which to mutate (such as in close quarter cattle farms) -- and this continues long enough -- it has the potential to find a combination that will easily spread to humans.

The results of this new research, carried out by a team at the University of Georgia, USA, suggests vaccines still remain our "primary defense" against potential spread of avian influenzas such as the H5N1 and others assessed.




"The H5N1, H7N9, and H9N2 subtypes of avian influenza virus pose a dual threat, not only causing significant economic losses to the global poultry industry but also presenting a pressing public health concern due to documented spillover events and human cases," explains lead author Flavio Cargnin Faccin, who alongside his mentor Dr. Daniel Perez of the University of Georgia, USA, analyzed the current landscape of research into human vaccines for these bird flus.

"This deep delve into the landscape of avian influenza vaccines for humans shows vaccination remains the primary defense against the spread of these viruses."

The team examined studies of vaccines tested in mice, ferrets, non-human primates, and clinical trials of bird flu vaccines in humans, and assessed both established platforms and promising new directions.

The review carried out suggests inactivated vaccines are a safe and affordable option that primarily activate humoral immunity -- the part of our immune system that produces antibodies.

Live attenuated influenza vaccines (LAIVs) are known to induce a wider immune response than inactivated vaccines, activating not only antibody production but also mucosal and cellular defenses. In this review, the authors suggest this broader response may offer greater protection, though, the authors suggest further research is needed to fully understand and harness its potential benefits for both human and agricultural applications.

The review also examined alternatives, such as virus-like particle (VLP) vaccines and messenger RNA (mRNA) vaccines, that have emerged more recently. Although VLP vaccines for bird flu have limited clinical trial data in humans, results from studies in mice and ferrets showed promise, the authors found. mRNA vaccines against H5N1 and H7N9 bird flu subtypes also generated a rapid and strong immune response in mice and ferrets, and, while data in humans is scarce, results from a phase 1 study of an H7N9 mRNA vaccine in healthy humans were "encouraging."

Overall, the team suggests "exploring and employing a diverse range of vaccine platforms," will be "crucial for enhancing pandemic preparedness and mitigating the threat of avian influenza viruses."
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Marine Protected Areas don't line up with core habitats of rare migratory fish, finds new research | ScienceDaily
62% of Marine Protected Areas (MPAs) designated to protect rare migratory fish species are outside of their core habitats, according to a new modelling study. The findings are published in the British Ecological Society's Journal of Applied Ecology.


						
A team of researchers in France from the "Pole MIAME" that gathers diadromous fish experts from multiple research institutions (OFB, INRAE, Institut Agro and UPPA) have developed a new modelling approach that accurately predicts core and unsuitable habitats of rare and data-poor diadromous fish (fish which migrate between marine and freshwater), such as threatened shads and the IUCN red-listed 'critically endangered' European eel.

The researchers found that 62% of MPAs which are specifically meant to protect diadromous fish species, don't overlap with the core habitats of the fish modelled in the study.

In fact, only 55% of the modelled core habitats of diadromous fish fell within any MPAs, and of these protected areas, only had half had specific measures to protect the species.

When looking at individual species, the researchers found that less than 30% of the endangered Mediterranean twaite shad (Alosa agone) core habitat was within MPAs.

Although other species such as European eel and European smelt had around 70% of their core habitats within MPAs, only 9% of these MPAs have specific measures to protect the European eel, and none had specific measures to protect European smelt.

Dr Sophie Elliott at the Game and Wildlife Conservation Trust (previously at Institute Agro in France) and lead author of the study, said "Given the sharp decline in diadromous fish which was noted just last week by The Living Planet Index (LPI) for migratory freshwater fishes 2024 update, it is a surprise more isn't being done to protect these species.




"We found that existing Marine Protected Areas with and without measures to protect listed diadromous fish across France, England, Belgium, and the Netherlands are not adequately protecting them despite a number of these fish being protected."

Dr Anthony Acou, at the French Biodiversity Agency and Patrinat, in charge of diadromous fish evaluation for the EU MSFD (Marine Strategy Framework Directive), and a co-author of the study, added that "Due to a lack of data on rare species, spatial protective measures are often implemented with little understanding of the species distribution and habitat ('the rare species paradox')."

Dr Laurent Beaulaton, also at the French Biodiversity Agency, and a co-author said "We hope that our 'Combined Model for Accurate Prediction' methodological framework can help improve accurate rare species distribution modelling for reliable biodiversity assessments, meaning conservation measures can be targeted in specific areas that protect rare and poorly detected species while also minimising conservation impacts on human activity."

The researchers tested their newly developed modelling approach on diadromous fish because very little is known about their at-sea life history stage and there is no existing model of their distribution.

These types of fish are also sensitive to anthropogenic pressures. Dr Sophie Elliott explained that "Diadromous fish species are particularly threatened because they are subject to terrestrial, freshwater, and marine pressures such as agricultural and pollutant runoffs, habitat destruction, barriers to migration, fishing, bycatch, and climate change. These barriers cumulate through their life cycle as they travel between their freshwater and marine habitats."

To test the accuracy of their new modelling approach, the researchers collated an unprecedented amount of data on fisheries-dependent and independent data within eastern Atlantic and Mediterranean waters, focussing on 11 rare and data-poor diadromous fish including the European eel, European flounder, smelt and three species of shad and the thinlip mullet. They then compared the predicted core and unsuitable habitats for the fish against 89 OSPAR and habitat Directive MPAs found in these waters.

The researchers would now like to see their modelling approach expanded to larger areas across the Northeast Atlantic and look closer at habitat types. "The next step is to better characterise at-sea functional habitats (migratory corridor, nursery area, refuge area) of the different species. But for that additional data are needed..." added Dr Etienne Rivot, a population modelling expert at DECOD (Ecosystem Dynamics and Sustainability), L'Institut Agro, INRAE, Ifremer, and a co-author of the study.

The researchers also highlight that the modelling approach could be used for other protected, threatened and usually rare species, particularly for species where protected areas have been put in place for their conservation.
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Intermittent fasting shows promise in improving gut health, weight management | ScienceDaily
A new study by researchers from Arizona State University and their colleagues highlights a dietary strategy for significant health improvement and weight management.


						
Participants following an intermittent fasting and protein-pacing regimen, which involves evenly spaced protein intake throughout the day, saw better gut health, weight loss and metabolic responses. These benefits were notably greater than those seen with simple calorie restriction.

The findings, reported today in the journal Nature Communications, could advance our understanding of the relationship between the gut microbiome and metabolism and improve strategies for managing obesity.

The researchers compared the effects of two low-calorie dietary interventions: a heart-healthy continuous calorie-restricted diet (based on USDA dietary recommendations), and a calorie-restricted regimen incorporating intermittent fasting and protein pacing.

The trial was conducted with 41 individuals who were overweight or obese over a period of eight weeks. Individuals in the intermittent fasting and protein-pacing group showed a decrease in symptoms of gastrointestinal problems and an increase in diversity of the gut microbiota compared with those in the calorie-restriction group.

The intermittent fasting protocol increased beneficial microbes in the gut that have been linked to a lean body type and improved overall health. Additionally, it increased the levels of certain proteins (cytokines) in the blood associated with weight loss, as well as amino acid byproducts that promote fat burning.

Intermittent fasting is an eating pattern that cycles between periods of fasting and eating. The method has recently gained popularity for its potential health benefits, including weight loss, improved metabolic health and enhanced brain function.




"Given the gut microbiota's location and its constant interaction with the GI tract, we have been gaining a deeper understanding of its pivotal role in dietary responses these last several years," says Alex Mohr, lead author of the new study. "While limited in duration and sample size, this comprehensive investigation -- which included the analysis of the gut microbiome, cytokines, fecal short-chain fatty acids and blood metabolites -- underscores the intricate interplay between diet, host metabolism and microbial communities."

Mohr led the microbiome and molecular investigations, evaluating gut microbial composition, inflammatory molecules called cytokines, SCFAs (metabolites derived from dietary fiber, important for regulating energy balance) and the metabolome.

Mohr is a researcher with the Biodesign Center for Health Through Microbiomes at ASU. Rosa Krajmalnik-Brown, the center director, and researchers Devin Bowes, Karen Sweazea and Corrie Whisner are also contributors to the study.

Corresponding author Paul Anciero of the Department of Health and Human Physiological Sciences at Skidmore College led the clinical trial, which tracked weight loss and body composition.

The study also included contributions from ASU researchers Paniz Jasbi and Judith Klein-Seetharaman, with the School of Molecular Sciences, and Dorothy Sears and Haiwei Gu, with the College of Health Solutions.

Diet, microbiome and weight loss

The gut microbiome refers to the diverse community of microorganisms residing in the gastrointestinal tract, including bacteria, viruses, fungi and other microbes. Numbering in the many trillions of organisms, this complex ecosystem plays a crucial role in essential bodily functions and overall health.




The gut microbiome helps break down food, produce vitamins and promote the absorption of nutrients. It plays a role in the development and function of the immune system by protecting the body against harmful pathogens. Finally, the gut microbiome keenly regulates metabolism, impacting body weight, fat storage and insulin sensitivity.

Caloric restriction, intermittent fasting (limiting food consumption to certain windows on some days) and protein pacing (controlled protein intake at specific meals) have been shown to affect body weight and composition, but the effect of these dietary modifications on the gut microbiome has been unclear until now.

"A healthy gut microbiome is essential for overall health, particularly in managing obesity and metabolic diseases," says Sweazea, the ASU principal investigator of this Isagenix-funded study. "The gut bacteria influence how we store fat, balance glucose levels and respond to hormones that make us feel hungry or full. Disruptions in the gut microbiota can lead to increased inflammation, insulin resistance and weight gain, underscoring the critical role of gut health in preventing and managing metabolic disorders."

Study and findings

The clinical trial involved 27 female and 14 male participants who were overweight or obese. Participants were divided into two groups: one following the intermittent fasting and protein pacing regimen, and the other adhering to a heart-healthy, calorie-restricted diet. Both groups were monitored over eight weeks for changes in weight, body composition, gut microbiome composition and plasma metabolomic signatures.

Participants following the intermittent fasting and protein pacing regimen experienced a significant reduction in gut symptoms and an increase in beneficial gut bacteria, particularly from the Christensenellaceae family. The study also found these microbes are associated with improved fat oxidation and metabolic health. In contrast, the calorie-restricted group showed an increase in metabolites linked to longevity-related pathways.

Despite both groups having similar average weekly energy intake, the intermittent fasting and protein pacing group achieved greater weight loss and fat reduction with an average loss of 8.81% of their initial body weights during the study. In comparison, those on a calorie-restricted diet lost an average of 5.4% body weight.

Participants who followed the intermittent fasting and protein-pacing diet experienced reductions in overall body fat, including belly fat and deep abdominal fat, and saw an increase in the percentage of lean body mass.

The study underscores the potential of intermittent fasting and protein-pacing diets in improving gut health and weight management. While further research is necessary, these findings offer a promising avenue for creating effective dietary interventions for obesity and related metabolic disorders.

"By identifying shifts in specific microbes, functional pathways and associated metabolites, this line of work holds promise for personalized health strategies as we can better tailor nutritional regimens to enhance gut function and metabolic outcomes," Mohr says.

Additional institutions contributing to the study: Systems Precision Engineering and Advanced Research (SPEAR); Center of Translational Science, Florida International University; Isagenix International LLC; and the School of Health and Rehabilitation Sciences, Department of Sports Medicine and Nutrition, University of Pittsburgh.
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Scientists identify gene that could lead to resilient 'pixie' corn | ScienceDaily
A widely found gene in plants has been newly identified as a key transporter of a hormone that influences the size of corn. The discovery offers plant breeders a new tool to develop desirable dwarf varieties that could enhance the crop's resilience and profitability.


						
A team of scientists led by Iowa State University spent years working to pinpoint the functions of the gene ZmPILS6. Now, they have been able to characterize it as an important driver of plant size and architecture, a carrier for an auxin hormone that helps govern growth in roots below ground and shoots, or stalks, above ground. Their findings were published in the Proceedings of the National Academy of Sciences (PNAS) this week.

"A hallmark of the current age of science is that we have all this high-quality genome data, whether for corn or humans or other organisms, and now we have the task of figuring out what the genes actually do," said Dior Kelley, assistant professor of genetics, development and cell biology at Iowa State, who led the research team.

The group used "reverse genetic screening" (from the gene to traits expressed in the plant), combined with other techniques, as they tracked their gene's role in corn development. Reverse screens require multiple growing seasons and don't always work, according to Kelley. It took seven years for her group to thoroughly characterize ZmPILS6 and verify it regulates plant growth.

When "knocked out" of modified, mutant plants, its absence suppressed root lateral formation and plant height. The research has led to a provisional patent for its potential to be used in breeding programs to create short stature corn that is still highly productive.

"I think of this as 'pixie' corn," Kelley said. "There's a lot of interest in it for all kinds of reasons, including reduced use of water and nutrients and its ability to withstand high winds."

As they studied ZmPILS6 in corn, the researchers made another curious finding: The gene seemed to have opposite effects on plant growth than a comparable gene in Arabidopsis, a plant often used as a model for research.




"This was very unexpected," Kelley said. "It illustrates that plant proteins, which have evolved in different contexts, can behave differently. It emphasizes the need to study genes directly within key crops of interest, rather than thinking we understand them based on how they work in other plants."

Kelley gives a lot of the credit for the project's success to a "great team of collaborators," especially Craig Cowling, a doctoral student in Kelley's lab who is the first author on the PNAS paper. "Craig was the one to really dig in, to confirm that this gene carries the plant hormone auxin, and it absolutely controls size in corn."

"This project and being acknowledged as first author on a paper in this important journal has been a little unbelievable," Cowling said. "It's been a long journey for me. I never thought I would go to college when I was in high school in Des Moines, so I went into ROTC and then the Marines, where I worked around the world as a technology specialist. When I got out, I wanted to do something different. Thanks to some good mentors, I've figured out that I love working with and understanding plants."

Kelley calls the new research "foundational" basic research to understand a gene that impacts numerous, complex growth traits, which evolution has conserved through many plants, from algae to maize. "It is also 'translational,' in that it links to genetic resources that can be used to improve breeding programs," she said. "This opens up whole new questions and facets of research for my laboratory."

This project has been supported by an Agriculture and Food Research Initiative competitive grant through the USDA National Institute of Food and Agriculture and USDA Hatch start-up funding from Iowa State University's College of Agriculture and Life Sciences.
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Altering cancer treatment dosing could reduce climate impact, study finds | ScienceDaily

The team looked at 7,813 veterans receiving the immunotherapy treatment pembrolizumab through the Veterans Health Administration. Pembrolizumab is an intravenous treatment that is often given every three weeks at a standard, one-size-fits-all dose of 200 milligrams. Researchers estimated the environmental impact of patients coming in for this care every three weeks: carbon dioxide emissions from patients' transportation to and from the clinic, manufacturing of the drug, and medical waste like needles, tubing and bags used during the compounding and infusing process.

Then they considered alternative scenarios. What if patients received 400 milligrams of pembrolizumab every six weeks, a dose approved by the U.S. Food and Drug Administration? What if they received a dose proportionate to their weight instead of the standard dose, as pembrolizumab was originally approved by FDA? Data suggests these approaches achieve cancer outcomes equivalent to the standard three-week flat dosing and likely reduce the burdens of cancer treatment that patients face.

They found that for this cohort of patients, extending treatments to every six weeks instead of every three weeks would have required 15,000 fewer infusions. That means 15,000 fewer trips to the clinic and 15,000 fewer incidents of compounding and infusing treatments. In total, this change would reduce greenhouse gas emissions in just the VHA by 200 tons per year. Results are published in The Lancet Oncology.

"As providers, every time we're with a patient we're faced with this litany of decisions that both we and the patient have to make. Those decisions -- every three week dosing or every six week dosing -- seem small but they really add up," said study author Garth W. Strohbehn, M.D., M.Phil., assistant professor of internal medicine at Michigan Medicine.

Next, researchers looked at the impact that the reduced carbon emissions could have on climate change and human health -- not just for the person with cancer, but for all of us, due to rising global temperatures. The model indicates that by continuing the current trends in pembrolizumab dosing instead of changing to less-frequent dosing, about three more people will die per year between now and 2100 because of the extra greenhouse gas emissions.

"There will more than likely be folks completely uninvolved in cancer care who are harmed by choosing to dose this medicine the way that we do. It doesn't need to happen," said Strohbehn, who is also a member of the U-M Institute for Healthcare Policy and Innovation and early career research scientist at the VA Ann Arbor Center for Clinical Management Research.




"That's the point we're trying to make here: There are likely to be health costs that non-patients in a society can expect to bear when we choose to practice cancer care the way we do. Do we have a moral obligation to change the way we're doing things if the patient in front of us is not harmed by it?"

Patient transportation to and from appointments was the biggest driver of carbon emissions, researchers found, which suggests that less-frequent infusion treatments would not only help the environment but also potentially improve patient quality of life due to fewer trips to the hospital. Researchers also estimated significant cost savings for VHA from the alternative dosing regimens since the total amount of drug used with the weight-based doses is lower than the one-size-fits-all approach, echoing earlier findings from Strohbehn's team.

The study authors suggest that multiple policy actions would need to be aligned to facility this change. They suggest payers could develop targeted incentives around environmentally conscious care. Professional societies could alter guidelines with environmental sustainability in mind, where patient outcomes are not expected to be impacted by the adoption of more sustainable care. Requiring environmental report cards for individual drugs at the time of approval could also increase awareness.

"I think there's value in holding a mirror up to the conventional system and encouraging self-reflection," Strohbehn said.
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New deep learning model is 'game changer' for measuring embryo development | ScienceDaily
Research led by the University of Plymouth has shown that a new deep learning AI model can identify what happens and when during embryonic development, from video.


						
Published today (Wednesday 29 May) in the Journal of Experimental Biology, the study highlights how the model, known as Dev-ResNet, can identify the occurrence of key functional developmental events in pond snails, including heart function, crawling, hatching and even death.

A key innovation in this study is the use of a 3D model that uses changes occurring between frames of the video, and enables the AI to learn from these features, as opposed to the more traditional use of still images.

The use of video means features ranging from the first heartbeat, or crawling behaviour, through to shell formation or hatching are reliably detected by Dev-ResNet, and has revealed sensitivities of different features to temperature not previously known.

While used in pond snail embryos for this study, the authors say the model has broad applicability across all species, and they provide comprehensive scripts and documentation for applying Dev-ResNet in different biological systems.

In future, the technique could be used to help accelerate understanding on how climate change, and other external factors, affect humans and animals.

The work was led by PhD candidate, Ziad Ibbini, who studied BSc Conservation Biology at the University, before taking a year out to upskill himself in software development, then beginning his PhD. He designed, trained and tested Dev-ResNet himself.




He said: "Delineating developmental events -- or working out what happens when in an animal's early development -- is so challenging, but incredibly important as it helps us to understand changes in event timing between species and environments.

"Dev-ResNet is a small and efficient 3D convolutional neural network capable of detecting developmental events using videos, and can be trained relatively easily on consumer hardware.

"The only real limitations are in creating the data to train the deep learning model -- we know it works, you just need to give it the right training data.

"We want to equip the wider scientific community with the tools that will enable them to better understand how a species' development is affected by different factors, and thus identifying how we can protect them. We think that Dev-ResNet is a significant step in that direction."

Dr Oli Tills, the paper's senior author and a UKRI Future Leaders Research Fellow, added: "This research is important on a technological level, but it is also significant for advancing how we perceive organismal development -- something that the University of Plymouth, within the Ecophysiology and Development research Group, has more than 20 years' history of researching.

"This milestone would not have been possible without deep learning, and it is exciting to think of where this new capability will lead us in the study of animals during their most dynamic period of life."
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Smarter foragers do not forage smarter | ScienceDaily
Primates, including humans, have larger brains than most other mammals, but why? Scientists searching for the answer have long followed a trail pointing to diet -- specifically fruit -- as the reason for why primates evolved larger brains. A team from the Max Planck Institute of Animal Behavior and the Smithsonian Institute of Tropical Research tested this idea for the first time -- finding that the fruit-diet theory might be out of juice. The researchers used drone imaging, GPS tracking, and fine-scale behavioral analyses to test how four species of fruit-eating mammals solved the same natural foraging puzzle in a Panamanian rainforest.


						
They found that the larger brained primate species did not solve the fruit-finding puzzle more efficiently than smaller brained mammals. The study, published today in Proceedings of the Royal Society B, upends the traditional view that a large brain is needed to make smart decisions when finding food.

According to the leading theory for how primates evolved larger brains, fruit and intelligence worked hand in hand to power brain growth. Larger brained animals could use their intelligence to find fruit more efficiently, which in turn provided more energy to fuel a larger brain.

Fruit, after all, is a valuable but variable resource. It places cognitive demands on animals who must find fruiting trees and remember when they ripen. Studies have lent support for the dietary theory of brain evolution by showing correlations between brain size and the amount of fruit in the diet.

But researchers from MPI-AB and STRI thought that the theory was ripe for questioning. "The fruit-diet hypothesis had never been supported experimentally," says first author Ben Hirsch, a STRI research associate.

Testing fruit-eaters in Panama

The barrier has been methodological. To test the fruit-diet hypothesis, scientists must measure how efficiently an animal finds fruit. Says Hirsch: "Primates and many other mammals travel long distances every day in search for food, making it almost impossible to replicate their real-world navigation challenges in a lab." The team circumvented this problem by exploiting a natural phenomenon that occurs in the rainforest on Barro Colorado Island in Panama. For three months every year, fruit-eating mammals are forced to feed on one tree species, Dipteryx oleifera.




"With animals feeding almost exclusively on Dipteryx fruit, they are simultaneously solving the same foraging puzzle," says senior author Meg Crofoot, a director at MPI-AB and Humboldt Professor at the University of Konstanz. "This gives us a powerful tool for comparing their foraging efficiency."

The team mapped the location of all Dipteryx trees on Barro Colorado Island by flying drones over the canopy in summer, when the tall trees were crowned with conspicuous purple blossoms. The fruit tree map revealed the full extent of the fruit puzzle faced by animals, but the scientists still needed to test how efficiently mammals with different brain sizes visited these trees. They tracked several individuals of two large-brained primates (spider monkeys and white-faced capuchins) and two smaller-brained raccoon relatives (white-nosed coatis and kinkajous). GPS sensors revealed the paths that animals took to Dipteryx trees, while accelerometers confirmed that an animal was active, and potentially feeding, during a tree visit.

The scientists then calculated route efficiency as the daily amount of time spent active in Dipteryx trees divided by the distance travelled. According to the fruit-diet hypothesis, the big-brained capuchins and spider monkeys should exhibit greater route efficiency than the coatis and kinkajous.

"We didn't find any evidence that animals with larger brains made smarter foraging decisions," says Crofoot. "If larger brains do make animals smarter, then this intelligence is not being used to route themselves more efficiently to fruit trees in this tropical rainforest."

So why did brain size increase in some species? The authors say that by refuting the fruit-diet hypothesis, their study can shift the focus to ideas beyond foraging efficiency. "Larger brains might promote better episodic memory, allowing those species to better time tree visits to maximize the amount of ripe fruit encountered," says Hirsch. The authors also suggest that larger brains might be linked to tool use, culture, or the complexity of living in a social group.

"Our study can't determine the exact drivers of brain evolution," says Crofoot, "but we have been able to use minimally-invasive techniques to empirically test a big hypothesis about evolution, cognition, and behavior of wild animals."
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Optimal cancer-killing t cells discovered | ScienceDaily
A team of cancer researchers, led by the University of Houston, has discovered a new subset of T cells that may improve the outcome for patients treated with T-cell therapies.


						
T cell-based immunotherapy has tremendous value to fight, and often eliminate, cancer. The strategy activates a patient's immune system and engineers a patient's own T cells to recognize, attack and kill cancer cells. In this way, the body's own T cells become living drugs.

While T-cell immunotherapy has revolutionized cancer treatment, there is still much to learn. Unfortunately, not all patients respond to these therapies, so a better understanding of the properties of engineered T cells is necessary to improve clinical responses.

One such study, supported by a grant from the National Institutes of Health, is reported in Nature Cancer by the laboratory of Navin Varadarajan, M.D. Anderson Professor in the William A. Brookshire Department of Chemical and Biomolecular Engineering. The study uses the patented TIMING (Timelapse Imaging Microscopy in Nanowell Grids) approach which applies visual AI to evaluate cell behavior, movement and ability to kill.

"Our results showed that a subset of T cells, labeled as CD8-fit T cells, are capable of high motility and serial killing, found uniquely in patients with clinical response," reports first author and recent UH graduate Ali Rezvan in Nature Cancer. In addition to the UH team, collaborators include Sattva Neelapu and Harjeet Singh, The University of Texas MD Anderson Cancer Center, Houston; Mike Mattie, Kite Pharma; Nabil Ahmed, Texas Children's Hospital, Baylor College of Medicine, Houston; and Mohsen Fathi, CellChorus.

To discover the CD8-fit cells, the team used TIMING to track interactions between individual T cells and tumor cells across thousands of cells and integrated the results with single-cell RNA sequencing data.

"Chimeric antigen receptors (CAR) T cells used for the treatment of B cell malignancies can identify T-cell subsets with superior clinical activity. Using infusion products of patients with large B cell lymphoma, we integrated functional profiling using TIMING with subcellular profiling and scRNA-seq to identify a signature of multifunctional CD8 T cells (CD8-fit)," said Rezvan. "We profiled these cells using single-cell RNA sequencing to identify the CD8-fit molecular signature that could be used to predict durable patient outcomes to T-cell therapies and validated our findings with independent datasets."

The team also found that the CD8-fit signature is present in pre-manufactured T cells, longitudinally persists in patients post-infusion, and most importantly, is associated with long-term positive clinical responses. According to the researchers, it is likely that these T cells can drive clinical benefit in other tumors.

"This work illustrates the excellence of graduate students Ali Rezvan and Melisa Montalvo; and post-doctoral researchers Melisa Martinez-Paniagua and Irfan Bandey among others," said Varadarajan.

CellChorus, a spinoff from Varadarajan's Single Cell Lab at UH, is developing the AI-powered TIMING platform. The company recently announced a $2.5 million Small Business Innovation Research grant from the National Center for Advancing Translational Sciences of the National Institutes of Health to advance TIMING for cell therapy applications.
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Circadian clock can be leveraged to enhance cancer immunotherapy | ScienceDaily
A multidisciplinary research team at the University of California, Irvine has revealed that the circadian clock -- the biological pacemaker that governs daily rhythms in physiological processes, including immune functions -- can be leveraged to enhance the efficacy of checkpoint inhibitor cancer therapy. Checkpoint inhibitors block different proteins from binding to tumor cells, allowing the immune system's T cells to kill the tumor.


						
The study, published online today in the journal Nature Immunology, provides deeper insights into the intricate relationship among the circadian clock, immune regulation and tumor development and found that a therapeutic approach optimizing time-of-day delivery based on an individual's unique circadian patterns offers new avenues for prevention and treatment.

"Disruption of the internal biological pacemaker is an inherent aspect of modern society that may contribute to the rising incidence of many cancer types. We found that proper regulation of circadian rhythms is necessary to suppress inflammation and support peak immune function," said corresponding author Selma Masri, UC Irvine associate professor of biological chemistry. "Understanding precisely how circadian disruption promotes disease progression could lead to behavior modification to reduce cancer risk."

Team members used an advanced single-cell RNA sequencing technique in a genetic model of colorectal cancer and identified clock-dependent changes controlling the number of myeloid-derived cells that suppress T cell activation. They discovered that disruption of the internal clock in the epithelial cells lining the intestine alters secretion of cytokine proteins, leading to heightened inflammation, increased numbers of immunosuppressive myeloid cells and cancer progression. These findings were leveraged to demonstrate that providing immunotherapy at the time of day when these immunosuppressive myeloid cells are most abundant significantly enhanced the efficacy of immune checkpoint blockades in solid tumors.

"As we enhance our understanding of the fundamental mechanism of circadian regulation of immunity, we will be able to harness the power of the body's natural rhythms to fight cancer and develop more personalized and effective treatment strategies," said lead author Bridget Fortin, a UC Irvine doctoral student in the Department of Biological Chemistry.

While this study represents a significant step forward in defining circadian control of anti-tumor immunity, the team believes future research should focus on exploring additional factors and cell types influencing time-of-day response to checkpoint inhibitor therapy.

Other team members included UC Irvine School of Medicine graduate students and faculty from the departments of biological chemistry, physiology and biophysics, surgery, and medicine.

This work was supported by the National Cancer Institute, the V Foundation and Johnson & Johnson, among others.
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A unified account of Darwinism's varieties | ScienceDaily

Charles Darwin published On the Origin of Species in 1859 as a work in biology. However, in the past century and a half, Darwin's ideas have impacted a broad range of domains and stimulated scientists and scholars to advance "evolutionary approaches" in domains as diverse as economics, engineering, psychology, and history. The ideas have been used (and abused) to undermine religiously inspired ideas about the origin of humans and their status concerning other species, to support state-sponsored eugenicist policies, or to support laissez-faire economic policies.

In "The Varieties of Darwinism: Explanation, Logic, and Worldview," authors Hugh Desmond, Andre Ariew, Philippe Huneman, and Thomas Reydon observe that while some people claim Darwinism's meaning should be limited to scientific content, others call for its abolition altogether. The authors propose a unified account of these varieties of Darwinism. "We show how the theories introduced by Darwin have grounded a 'logic' or style of reasoning about phenomena, as well as various ethically and politically charged 'worldviews.'" They posit that the full meaning of Darwinism and how this meaning has changed over time can only be understood through the interaction between these dimensions.

The authors point out that while it is not novel to ask the question "What is Darwinism?" novel sources of confusion warrant revisiting the question. They provide a framework to make sense of how the different significant uses of the term interrelate and what, if any, such ethical and political uses of the term Darwinism have to do with the underlying scientific dimension of Darwinism.

The authors argue against the view that "they have nothing to do with each other." They advance a "thick" conception of Darwinism, where the scientific, ethical, and political dimensions are understood to be intertwined and constitute Darwinism's full meaning. In their account of the thick conception of Darwinism, the authors rely on Darwinism as an explanatory scheme, Darwinism as logic or methodology, and Darwinism as a worldview or ideology.

The authors conclude that restricting Darwinism to a purely scientific context is not ideal, noting that theoretical elements play a methodological role in structuring scientific inquiry into natural phenomena. They conceded that while the thick conception complicates the analysis of Darwinism it is necessary to do justice to the richness of Darwinism and its influence in the past century and a half.

The premier review journal in biology, The Quarterly Review of Biology has presented insightful historical, philosophical, and technical treatments of important biological topics since 1926. The QRB publishes outstanding review articles of generous length that are guided by an expansive, inclusive, and often humanistic understanding of biology.
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Cell-targeting technology allows researchers to isolate neuronal subpopulations and link them to behavioral states | ScienceDaily
Scientists have designed an intersectional technique for precisely targeting subpopulations of cells and parsing out specific functions.


						
As gene sequencing technologies become more powerful, our understanding of cellular diversity has grown in parallel. This led scientists at St. Jude Children's Research Hospital to create a tool to improve the ease and accuracy with which investigators can study specific subpopulations of cells. The tool, named Conditional Viral Expression by Ribozyme Guided Degradation (ConVERGD), allows researchers to specifically access these subgroups of cells and precisely manipulate them based on multiple features of the cell.

ConVERGD offers numerous advantages over existing intersectional expression platforms by accommodating more complex genetic payloads and increased adaptability. The researchers demonstrated the utility of ConVERGD by studying a previously unidentified subpopulation of norepinephrine neurons. The work demonstrates the substantial impact that investigations into cellular subpopulations could have on fundamental research and health care. The findings were published today in Nature Neuroscience.

Same type of cells, different functions

For Lindsay Schwarz, PhD, St. Jude Department of Developmental Neurobiology, necessity drove invention as she explored the neuronal cell landscape, and in particular, neuronal cells that produce norepinephrine. "Norepinephrine neurons have been thought to be just one type of neuron. But when they're activated in the brain, they can cause a lot of different types of behavior, such as enhancing attention and memory formation or eliciting a stress response or fight-or-flight response," Schwarz said. "But if it's only one type of neuron releasing this one molecule, then how does it make you do different things?"

To explore such questions requires the ability to selectively interrogate cellular subpopulations with extreme prejudice. To this end, Schwarz found all attempts using current practices were coming up short. "We didn't go into this project thinking we would build a new tool, but it seemed like a need in the community."

Improving on current cellular subpopulation targeting technology

Targeting subpopulations of cells requires passing them through several genetic filters. These intersectional filters interrogate what genes the cells express and what pathways and connections they make, parsing out the different subpopulations so that researchers can focus on a select group of isolated cells.




The use of adeno-associated virus (AAV)-based reporter tools which can deliver genetic material into specific cells with high precision is an ideal approach for applying these intersectional filters. These reporter tools are used to label or monitor gene expression and protein localization within specific cells or regions. However, they can be complex to design and offer a limited amount of space within them.

"One of our main goals was to design a tool where your gene of interest only got expressed when conveyed with multiple features but is really easy for end users to modify and put in whatever genes they want," explained Schwarz.

Robust ribozymes offer next-generation specificity

Schwarz and first author Alex Hughes, PhD, a graduate of the St. Jude Graduate School of Biomedical Sciences, currently of the Allen Institute for Brain Science, leveraged two separate technologies in the design of ConVERGD, namely AAV-based reporter technology and inspiration from the world of ribozymes, strands of RNA that can behave like enzymes by catalyzing biochemical reactions.

Importantly, ribozymes can be engineered to control the on/off switch for gene expression with extreme precision. "We initially heard about ribozymes from a journal club that was thinking more therapeutically about how to use AAVs," Schwarz said. "Alex came back and figured that he could come up with a way to utilize these in neuroscience tools."

Exciting for the neuroscience community and beyond

As a proof-of-concept, Schwarz and Hughes used ConVERGD to interrogate a subpopulation of norepinephrine neurons. "Collectively, norepinephrine neurons do a lot of different things," Schwarz explained. "The subset we were targeting makes norepinephrine, but they also make this other opioid peptide called dynorphin, which hasn't been characterized in these neurons before. With ConVERGD, we found that activating just these dynorphin-expressing neurons was enough to elicit an anxiety response."




By parsing out the functions and assigning them to a subpopulation of cells, Schwarz is hopeful that targeted therapy is a possibility. "We treat anxiety and depression with drugs that target norepinephrine signaling, but they target it globally," Schwarz said. "You're also going to see a detriment to other important functions for norepinephrine that you don't want to see. Targeting these neurons more specifically could help to ameliorate that."

The work will have ripple effects outside of St. Jude. "We're really excited about this for the community," Schwarz said. "ConVERGD should be amenable to any tissue. It could be useful beyond neuroscience."
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When should you neuter or spay your dog? | ScienceDaily
Researchers at the University of California, Davis, have updated their guidelines on when to neuter 40 popular dog varieties by breed and sex. Their recent paper in Frontiers in Veterinary Science adds five breeds to a line of research that began in 2013 with a study that suggested that early neutering of golden retrievers puts them at increased risk of joint diseases and certain cancers.


						
That initial study set off a flurry of debate about the best age to neuter other popular breeds. Professors Lynette and Benjamin Hart of the School of Veterinary Medicine, the study's lead authors, set out to add more breed studies by examining more than a decade of data from thousands of dogs treated at the UC Davis veterinary hospital. Their goal was to provide owners with more information to make the best decision for their animals.

They specifically looked at the correlation between neutering or spaying a dog before 1 year of age and a dog's risk of developing certain cancers. These include cancers of the lymph nodes, bones, blood vessels or mast cell tumors for some breeds; and joint disorders such as hip or elbow dysplasia, or cranial cruciate ligament tears. Joint disorders and cancers are of particular interest because neutering removes male and female sex hormones that play key roles in important body processes such as closure of bone growth plates.

For the most recent study, they focused on German short/wirehaired pointer, mastiff, Newfoundland, Rhodesian ridgeback and Siberian husky. Data was collected from the UC Davis veterinary hospital's records that included more than 200 cases for each of these five breeds weighing more than 20 kg (or 44 pounds), spanning January 2000 through December 2020.

The Harts said their updated guidelines emphasize the importance of personalized decisions regarding the neutering of dogs, considering the dog's breed, sex and context. A table representing guidelines reflecting the research findings for all 40 breeds that have been studied, including the five new breeds, can be found here.

Health risks different among breeds

"It's always complicated to consider an alternate paradigm," said Professor Lynette Hart. "This is a shift from a long-standing model of early spay/neuter practices in the U.S. and much of Europe to neuter by 6 months of age, but important to consider as we see the connections between gonadal hormone withdrawal from early spay/neuter and potential health concerns."

The study found major differences among these breeds for developing joint disorders and cancers when neutered early. Male and female pointer breeds had elevated joint disorders and increased cancers; male mastiff breeds had increased cranial cruciate ligament tears and lymphoma; female Newfoundland breeds had heightened risks for joint disorders; female Ridgeback breeds had heightened risks for mast cell tumors with very early neutering; and Siberian huskies showed no significant effects on joint disorders or cancers.




"We're invested in making contributions to people's relationship with their animals," said Benjamin Hart, distinguished professor emeritus. "This guidance provides information and options for veterinarians to give pet owners, who should have the final decision-making role for the health and well-being of their animal."

Their combined research studies will soon be available with others in the open access journal, Frontiers of Veterinary Science, as a free e-book, Effective Options Regarding Spay or Neuter of Dogs.

Other researchers on this UC Davis study include: Abigail Thigpen, Maya Lee, Miya Babchuk, Jenna Lee, Megan Ho, Sara Clarkson and Juliann Chou with the School of Veterinary Medicine; and Neil Willits with the Department of Statistics.

The research received a small amount of funding from the Center for Companion Animal Health, but was primarily conducted by the above authors as volunteers.
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Mechanisms for selective multiple sclerosis treatment strategy | ScienceDaily
The Wistar Institute's Paul M. Lieberman, Ph.D., and lab team led by senior staff scientist and first author, Samantha Soldan, Ph.D., have demonstrated how B cells infected with the Epstein-Barr virus (EBV) can contribute to a pathogenic, inflammatory phenotype that contributes to multiple sclerosis (MS); the group has also shown how these problematic B cells can be selectively targeted in a way that reduces the damaging autoimmune response of multiple sclerosis. The lab's findings were published in Nature Microbiology in the paper, "Multiple sclerosis patient derived spontaneous B cells have distinct EBV and host gene expression profiles in active disease."


						
EBV -- a usually inactive, or latent, herpesvirus -- affects most of the human population; more than 90% of people carry the virus as a passive, typically symptomless infection. However, EBV infection has been linked to several diseases, including MS: an incurable, chronic autoimmune disease that causes the body's immune system to attack the myelin sheath of neurons in the brain and nervous system. Because myelin sheathing facilitates fast nervous system signaling (the fatty insulation of myelin along a neuron's axon allows electrical impulses to travel through neuronal networks faster), its degradation can cause a wide variety of symptoms in both type and severity that may include motor control disruption, sensory issues, and speech difficulties.

Though researchers know that EBV can contribute to the development of MS, the exact mechanisms by which it does so aren't completely understood. The Lieberman lab, in seeking to understand how EBV contributes to the development of MS, collaborated with Steven Jacobson, Ph.D., of the Neuroimmunology Branch at the National Institute of Neurological Disorders and Stroke, who contributed cell line samples from patients. The research team analyzed spontaneous lymphoblastoid cell line (SLCL) cell samples from a healthy control group; a group of patients with active MS (as opposed to so-called stable MS; the disease is characterized by unpredictable periods of flare-ups and eased symptoms); and a group of patients with stable MS.

B cells are crucial cells of the immune system that help regulate the body's immune responses; they have also been implicated in autoimmune conditions due to their role as mediators of which biological signals warrant immune response. And B cells, when infected with EBV, become immortalized -- that is, the cells are no longer constrained by senescence, so they can continue to divide an indefinite number of times -- as "lymphoblastoid cell lines," or LCLs. This immortalized B cell state can occur spontaneously within the body as a result of EBV infection, which is how the Lieberman lab was able to extract immortalized SLCL samples for study from the different patient groups.

Having obtained the matched samples, Dr. Lieberman and his team conducted genetic analyses of the SLCLs and confirmed that the MS-positive sample groups showed greater expression of genes associated with lytic EBV ("lytic" describes when latent viruses like EBV become active); they also saw increased inflammatory signaling and expression of the FOXP1 protein, the latter of which was shown to promote lytic EBV gene expression. As a whole, the group's findings suggested a mechanism of lytic EBV in MS that promoted inflammation and disease.

Diving further, Lieberman's group tested several antiviral compounds on all SLCL groups and found that one, TAF, reduced lytic EBV gene expression without killing the cells. TAF also significantly reduced the expression of inflammatory cytokines like IL-6 in the SLCLs from the patients with active MS. Finally, when cultured SLCLs from active MS, stable MS, and controls were administered TAF in the presence of antiviral T cells, the T cell response (a major factor in the autoimmune dysfunction of MS) was reduced in SLCLs from patients with MS but not reduced in the control SLCLs -- an indication that TAF treatment has potential as a selectively cytotoxic anti-lytic treatment for MS.

"Our work with these SLCLs shows that the problematic inflammation signaling from lytic EBV can be selectively targeted in a way that demonstrably reduces damaging immune responses," said Dr. Lieberman. "We're excited about expanding this concept further; we have the potential to see whether TAF or other inhibitors of EBV might be a viable treatment for multiple sclerosis that can stop the autoimmune damage without causing wide-ranging and dangerous cell death."
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'Cloaked' proteins deliver cancer-killing therapeutics into cells | ScienceDaily
Cornell University scientists have designed a way to "cloak" proteins in a generalized technique that could lead to repurposing things like antibodies for biological research and therapeutic applications.


						
The "cloaked" proteins can be captured by lipid nanoparticles, which are akin to tiny bubbles of fat. These bubbles are small enough to sneak their hidden cargo into living cells, where the proteins uncloak and exert their therapeutic effect.

The group's paper published in ACS Central Science. The lead author is doctoral student Azmain Alamgir, who works in the labs of the paper's co-senior authors, Chris Alabi, associate professor of chemical and biomolecular engineering, and Matt DeLisa, professor of engineering.

For some drugs to impact a cell's biology, and ultimately treat disease, they need to get inside the cell and reach a specific space. Protein-based therapeutics have many virtues -- they can have more specific effects, with lower toxicity and diminished immune response -- but ease of delivery is not one of them. Proteins are large and cumbersome and don't freely diffuse into cells as easily as small molecules do.

"We had been looking for a clever way to efficiently get our engineered proteins inside of cells, especially in a translational context that would not only work in lab-cultured cells, but that would also be effective and safe in animal models and eventually in humans," DeLisa said.

The researchers had the broad idea of using a bioconjugation approach that would allow the proteins to be loaded into lipid nanoparticles, which form around nucleic acids. A major advantage of this approach was that lipid nanoparticles were a key component in the successful COVID-19 vaccines developed by Pfizer-BioNTech and Moderna.

Those vaccines worked by delivering a payload in the form of messenger RNA, which are nucleic acids. The researchers now would use the same lipid nanoparticle delivery concept -- the same materials even -- but with a protein payload. The trick would be to make proteins look more like nucleic acids.

The researchers found they could accomplish this by "cloaking" the proteins with a negatively charged ion, so they would join with the positively charged lipids electrostatically.

"The crux of our strategy is conceptually very simple," Alamgir said. "We're taking proteins and specifically remodeling their surfaces with negative charges, so they look like nucleic acids and can similarly assemble into nanoparticles when formulated with the characteristic lipids."

The team successfully demonstrated the cloaking method with lysine-reactive sulfonated compounds, killing cancer cells with ribonuclease A and inhibiting tumor signaling with monoclonal immunoglobulin G (IgG) antibodies.
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Is it a sound of music...or of speech? Scientists uncover how our brains try to tell the difference | ScienceDaily
Music and speech are among the most frequent types of sounds we hear. But how do we identify what we think are differences between the two?


						
An international team of researchers mapped out this process through a series of experiments -- yielding insights that offer a potential means to optimize therapeutic programs that use music to regain the ability to speak in addressing aphasia. This language disorder afflicts more than 1 in 300 Americans each year, including Wendy Williams and Bruce Willis.

"Although music and speech are different in many ways, ranging from pitch to timbre to sound texture, our results show that the auditory system uses strikingly simple acoustic parameters to distinguish music and speech," explains Andrew Chang, a postdoctoral fellow in New York University's Department of Psychology and the lead author of the paper, which appears in the journal PLOS Biology. "Overall, slower and steady sound clips of mere noise sound more like music while the faster and irregular clips sound more like speech."

Scientists gauge the rate of signals by precise units of measurement: Hertz (Hz). A larger number of Hz means a greater number of occurrences (or cycles) per second than a lower number. For instance, people typically walk at a pace of 1.5 to 2 steps per second, which is 1.5-2 Hz. The beat of Stevie Wonder's 1972 hit "Superstition" is approximately 1.6 Hz, while Anna Karina's 1967 smash "Roller Girl" clocks in at 2 Hz. Speech, in contrast, is typically two to three times faster than that at 4-5 Hz.

It has been well documented that a song's volume, or loudness, over time -- what's known as "amplitude modulation" -- is relatively steady at 1-2 Hz. By contrast, the amplitude modulation of speech is typically 4-5 Hz, meaning its volume changes frequently.

Despite the ubiquity and familiarity of music and speech, scientists previously lacked clear understanding of how we effortlessly and automatically identify a sound as music or speech.

To better understand this process in their PLOS Biology study, Chang and colleagues conducted a series of four experiments in which more than 300 participants listened to a series of audio segments of synthesized music- and speech-like noise of various amplitude modulation speeds and regularity.




The audio noise clips allowed only the detection of volume and speed. The participants were asked to judge whether these ambiguous noise clips, which they were told were noise-masked music or speech, sounded like music or speech. Observing the pattern of participants sorting hundreds of noise clips as either music or speech revealed how much each speed and/or regularity feature affected their judgment between music and speech. It is the auditory version of "seeing faces in the cloud," the scientists conclude: If there's a certain feature in the soundwave that matches listeners' idea of how music or speech should be, even a white noise clip can sound like music or speech. Examples of both music and speech may be downloaded from the research page.

The results showed that our auditory system uses surprisingly simple and basic acoustic parameters to distinguish music and speech: to participants, clips with slower rates (<2Hz) and more regular amplitude modulation sounded more like music, while clips with higher rates (~4Hz) and more irregular amplitude modulation sounded more like speech.

Knowing how the human brain differentiates between music and speech can potentially benefit people with auditory or language disorders such as aphasia, the authors note. Melodic intonation therapy, for instance, is a promising approach to train people with aphasia to sing what they want to say, using their intact "musical mechanisms" to bypass damaged speech mechanisms. Therefore, knowing what makes music and speech similar or distinct in the brain can help design more effective rehabilitation programs.

The paper's other authors were Xiangbin Teng of Chinese University of Hong Kong, M. Florencia Assaneo of National Autonomous University of Mexico (UNAM), and David Poeppel, a professor in NYU's Department of Psychology and managing director of the Ernst Strungmann Institute for Neuroscience in Frankfurt, Germany.

The research was supported by a grant from the National Institute on Deafness and Other Communication Disorders, part of the National Institutes of Health (F32DC018205), and Leon Levy Scholarships in Neuroscience.
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        Editing without 'cutting': Molecular mechanisms of new gene-editing tool revealed
        New research has determined the spatial structure of various processes of a novel gene-editing tool called 'prime editor.' Functional analysis based on these structures also revealed how a 'prime editor' could achieve reverse transcription, synthesizing DNA from RNA, without 'cutting' both strands of the double helix. Clarifying these molecular mechanisms contributes greatly to designing gene-editing tools accurate enough for gene therapy treatments.

      

      
        Acute sense of touch helps hummingbirds hover near a flower without bumping into it
        Hummingbird flight mechanics have been well studied but far less is known about how their sense of touch helps them sip nectar from a flower without bumping into it. Most of what scientists know about how touch is processed in the brain comes from studies on mammals, but bird brains are very different from mammal brains. New research shows that touch and air pressure on the wings and legs activate specific clusters of neurons in two regions of the forebrain to create a map of their body, which ma...

      

      
        Complete X and Y chromosome sequences of living great ape species determined
        Newly generated, complete genomes for the sex chromosomes of six primate species may inform conservation of these endangered species and shed light on sex-related genetic diseases in both humans and our closest living relatives.

      

      
        Moon orbiting 'dinky' asteroid is actually two tiny moons stuck together
        The moon orbiting the asteroid Dinkinesh is actually two tiny moons stuck together. Collectively called 'Selam,' the two moonlets bring new insight into the complex processes behind planetary formation and evolution.

      

      
        The case of the missing black holes
        Researchers have applied the well-understood and highly verified quantum field theory, usually applied to the study of the very small, to a new target, the early universe. Their exploration led to the conclusion that there ought to be far fewer miniature black holes than most models suggest, though observations to confirm this should soon be possible. The specific kind of black hole in question could be a contender for dark matter.

      

      
        Electrochromic films -- like sunglasses for your windows?
        Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red...

      

      
        Orchids support seedlings through 'parental nurture' via shared underground fungal networks
        Orchid plants nurture their seedlings via an underground fungal network, new research has revealed.

      

      
        New technique offers more precise maps of the Moon's surface
        A new study may help redefine how scientists map the surface of the Moon, making the process more streamlined and precise than ever before.

      

      
        Scent detection dogs discern odour molecules better than previously thought
        According to a recent study, dogs trained to detect scent may be able to identify significantly lower concentrations of odour molecules than has previously been documented.

      

      
        Public have no difficulty getting to grips with an extra thumb, study finds
        Researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects. The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

      

      
        Bird flu: Diverse range of vaccines platforms 'crucial' for enhancing human pandemic preparedness
        Review of research to-date suggests vaccination remains the most effective strategy for avian influenza prevention and control in humans, despite varying vaccine efficacy across strains.

      

      
        When should you neuter or spay your dog?
        A new study updates guidelines for when you should neuter or spay your dog to prevent increased risk of cancer or joint disorders.

      

      
        Why do Dyeing poison frogs tap dance?
        The toe tapping behavior of various amphibians has long attracted attention from researchers and pet owners. Despite being widely documented, the underlying functional role is poorly understood. In a new paper, researchers demonstrate that Dyeing poison frogs modulate their taps based on specific stimuli.

      

      
        Improved refrigeration could save nearly half of the 1.3 billion tons of food wasted each year globally
        A new study concludes that nearly half of the food waste, about 620 million metric tons, could be eliminated by fully refrigerated food supply chains worldwide. At the same time, fully refrigerated supply chains, or 'cold chains,' could cut food waste-related emissions of climate-warming greenhouse gases by 41% globally, according to a new study.

      

      
        Genetic mosaicism more common than thought
        Researchers found that approximately one in 40 human bone marrow cells carry massive chromosomal alterations without causing any apparent disease or abnormality. Even so-called normal cells carry all sorts of genetic mutations, meaning there are more genetic differences between individual cells in our bodies than between different human beings. The discovery was enabled by a single-cell sequencing technology called Strand-seq, a unique DNA sequencing technique that can reveal subtle details of ge...

      

      
        Researchers have located the brain network responsible for stuttering
        An international research group succeeded in identifying the probable origin of stuttering in the brain.

      

      
        How killifish embryos use suspended animation to survive over 8 months of drought
        The African turquoise killifish lives in ephemeral ponds in Zimbabwe and Mozambique. To survive the annual dry season, the fish's embryos enter a state of extreme suspended animation or 'diapause' for approximately 8 months. Now, researchers have uncovered the mechanisms that enabled the killifish to evolve this extreme survival state.

      

      
        Simple food swaps could cut greenhouse gas emissions from household groceries by a quarter
        Switching food and drink purchases to very similar but more environmentally friendly alternatives could reduce the greenhouse gas emissions from household groceries by more than a quarter (26%), according to a new study.

      

      
        Florida fossil porcupine solves a prickly dilemma 10-million years in the making
        An exceptionally rare fossilized porcupine skeleton discovered in Florida has allowed researchers to trace the evolutionary history for one of North America's rarest mammals.

      

      
        Charge your laptop in a minute or your EV in 10? Supercapacitors can help
        Imagine if your dead laptop or phone could charge in a minute or if an electric car could be fully powered in 10 minutes. New research could lead to such advances.

      

      
        AI headphones let wearer listen to a single person in a crowd, by looking at them just once
        Engineers have developed an artificial intelligence system that lets someone wearing headphones look at a person speaking for three to five seconds to 'enroll' them. The system then plays just the enrolled speaker's voice in real time, even as the pair move around in noisy environments.

      

      
        Entomologist sheds light on 250-year-old mystery of the German cockroach
        Entomologists have solved the 250-year-old origin puzzle of the most prevalent indoor urban pest insect on the planet: the German cockroach. The team's research findings, representing the genomic analyses of over 280 specimens from 17 countries and six continents, show that this species evolved some 2,100 years ago from an outdoor-living species in Asia.

      

      
        Theory and experiment combine to shine a new light on proton spin
        Nuclear physicists have long been working to reveal how the proton gets its spin. Now, a new method that combines experimental data with state-of-the-art calculations has revealed a more detailed picture of spin contributions from the very glue that holds protons together.

      

      
        Caterpillars can detect their predators by the static electricity they emit
        Caterpillars respond defensively to electric fields similar to those emitted by their natural predators, scientists have found.

      

      
        Imperceptible sensors made from 'electronic spider silk' can be printed directly on human skin
        Researchers have developed a method to make adaptive and eco-friendly sensors that can be directly and imperceptibly printed onto a wide range of biological surfaces, whether that's a finger or a flower petal.

      

      
        Breakthrough discovery uses engineered surfaces to shed heat
        Splash a few drops of water on a hot pan and if the pan is hot enough, the water will sizzle and the droplets of water seem to roll and float, hovering above the surface. The temperature at which this phenomenon, called the Leidenfrost effect, occurs is predictable, usually happening above 230 degrees Celsius. A team has now discovered a method to create the aquatic levitation at a much lower temperature.

      

      
        Innovative material for sustainable building
        Researchers introduce a polymer-based material with unique properties. This material allows sunlight to enter, maintains a more comfortable indoor climate without additional energy, and cleans itself like a lotus leaf. The new development could replace glass components in walls and roofs in the future.

      

      
        Key role of plant-bacteria communication for the assembly of a healthy plant microbiome supporting sustainable plant nutrition
        In an interdisciplinary study, researchers discovered that symbiotic bacteria communicate with legume plants through specific molecules and that this communication influences which bacteria grow near the plant roots. The findings provide insights into how plants and soil bacteria form beneficial partnerships for nutrient uptake and resilience. These results are a step towards understanding how communication between plants and soil bacteria can lead to specific beneficial associations providing pl...

      

      
        Sequencing of the developing human brain uncovers hundreds of thousands of new gene transcripts
        Researchers uncovered 214,516 unique isoforms in the developing neocortex -- over 70% of which have not been previously studied.

      

      
        New approach to Epstein-Barr virus and resulting diseases
        The Epstein-Barr virus can cause a spectrum of diseases, including a range of cancers. Emerging data now show that inhibition of a specific metabolic pathway in infected cells can diminish latent infection and therefore the risk of downstream disease.

      

      
        Birth of universe's earliest galaxies observed for first time
        Researchers have now seen the formation of three of the earliest galaxies in the universe, more than 13 billion years ago. The sensational discovery contributes important knowledge about the universe.

      

      
        Scientists map networks regulating gene function in the human brain
        A consortium of researchers has produced the largest and most advanced multidimensional maps of gene regulation networks in the brains of people with and without mental disorders. These maps detail the many regulatory elements that coordinate the brain's biological pathways and cellular functions. The research used postmortem brain tissue from over 2,500 donors to map gene regulation networks across different stages of brain development and multiple brain-related disorders.

      

      
        Birdsong and human voice built from same genetic blueprint
        Humans have been long fascinated by bird song and the cacophony of other avian sounds -- from coos and honks to quacks and peeps. But little is known about how the unique vocal organ of birds -- the syrinx -- varies from species to species or its deeper evolutionary origins. A trio of recent studies is changing that. The studies include high-resolution anatomical scans of syrinxes from hummingbirds and ostriches -- the world's smallest and largest bird species -- and the discovery that the syrinx...

      

      
        Study explains why the brain can robustly recognize images, even without color
        New research offers a possible explanation for how the brain learns to identify both color and black-and-white images. The researchers found evidence that early in life, when the retina is unable to process color information, the brain learns to distinguish objects based on luminance, rather than color.

      

      
        Researchers unveil shared and unique brain molecular dysregulations in PTSD and depression
        Researchers analyzed multi-omic data from 231 people with PTSD or depression to uncover distinct molecular differences that might affect systems such as the nervous and immune systems, to contribute to these mental health conditions.

      

      
        A promising approach to develop a birth control pill for men
        Researchers show in animal models that a novel, non-hormonal sperm-specific approach offers a promising option for reversible human male contraception.

      

      
        Intriguing nearby world sized between Earth, Venus
        Astronomers have discovered a planet between the sizes of Earth and Venus only 40 light-years away.
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Editing without 'cutting': Molecular mechanisms of new gene-editing tool revealed | ScienceDaily
Joint research led by Yutaro Shuto, Ryoya Nakagawa, and Osamu Nureki of the University of Tokyo determined the spatial structure of various processes of a novel gene-editing tool called "prime editor." Functional analysis based on these structures also revealed how a "prime editor" could achieve reverse transcription, synthesizing DNA from RNA, without "cutting" both strands of the double helix. Clarifying these molecular mechanisms contributes greatly to designing gene-editing tools accurate enough for gene therapy treatments. The findings were published in the journal Nature.


						
The 2020 Nobel Prize in Chemistry was awarded to Jennifer Doudna and Emmanuelle Charpentier for developing a groundbreaking yet simple way to edit DNA, the "blueprint" of living organisms. While their discovery opened new avenues for research, the accuracy of the method and safety concerns about "cutting" both strands of DNA limited its use for gene therapy treatments. As such, research has been underway to develop tools that do not have these drawbacks.

The prime editing system is one such tool, a molecule complex consisting of two components. One component is the prime editor, which combines a SpCas9 protein, used in the first CRISPR-Cas gene editing technology, and a reverse transcriptase, an enzyme that transcribes RNA into DNA. The second component is the prime editing guide RNA (pegRNA), a modified guide RNA that identifies the target sequence within the DNA and encodes the desired edit. In this complex, the prime editor works like a "word processor," accurately replacing genomic information. The tool has already been successfully implemented in living cells of organisms such as plants, zebrafish, and mice. However, precisely how this molecule complex executes each step of the editing process has not been clear, mostly due to a lack of information on its spatial structure.

"We became curious about how the unnatural combination of proteins Cas9 and reverse transcriptase work together," says Shuto, the first author of the paper.

The research team used cryogenic electron microscopy, an imaging technique that makes observations possible at a near-atomic scale. The method required samples to be in glassy ice to protect them from the potential damage by the electron beams, posing some additional challenges.

"We found the prime editor complex to be unstable under experimental conditions," explains Shuto. "So, it was very challenging to optimize the conditions for the complex to stay stable. For a long time, we could only determine the structure of Cas9."

Finally overcoming the challenges, the researchers succeeded in determining the three-dimensional structure of the prime editor complex in multiple states during reverse transcription on the target DNA. The structures revealed that the reverse transcriptase bound to the RNA-DNA complex that formed along the "part" of the Cas9 protein associated with DNA cleavage, the splitting of a single strand of the double helix. While performing the reverse transcription, the reverse transcriptase maintained its position relative to the Cas9 protein. The structural and biochemical analyses also indicated that the reverse transcriptase could lead to additional, undesired insertions.

These findings have opened new avenues for both basic and applied research. So, Shuto lays out the next steps.

"Our structure determination strategy in this study can also be applied to prime editors composed of a different Cas9 protein and reverse transcriptase. We want to utilize the newly obtained structural information to lead to the development of improved prime editors."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529144235.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Acute sense of touch helps hummingbirds hover near a flower without bumping into it | ScienceDaily
Hummingbirds seem like a marvel of nature and engineering: a living creature that can hover near a flower with surgical precision. How do they do this?


						
Though hummingbirds' flight mechanics have been well studied, far less is known about how their sense of touch helps these tiny, energetic birds sip nectar from a flower without bumping into it. Most of what scientists know about how touch is processed in the brain comes from studies on mammals, but bird brains are very different from mammal brains.

UCLA-led research published in Current Biology shows that hummingbirds create a 3D map of their body when neurons in two specific spots of the forebrain fire -- as gusts of air touch feathers on the leading edge of their wings and skin of their legs. Receptors on their bill, face and head also work toward this end. The air pressure's intensity, influenced by factors including proximity to an object, is picked up by nerve cells at the base of the feathers and in the leg skin and transmitted to the brain, which gauges the body's orientation relative to an object.

Zebra finches, also studied by the researchers, have the same general organization with slightly less sensitivity in some areas than hummingbirds, suggesting that these areas help with highly specialized hummingbird flight dynamics. The work adds to knowledge of how animals perceive and navigate in their worlds and can help identify ways to treat them more humanely.

Humans produce a tactile map of the body that progresses from the toes at the center of the brain, down to the legs, back and a much larger area that represents touch to the face and hands. These areas, used for touching and touch tasks, are enlarged in the human brain.

"In mammals, we know that touch is processed across the outer surface of the forebrain in the cortex," said Duncan Leitch, corresponding author and a professor of integrative biology at UCLA. "But birds have a brain without a layered cortex structure, so it was a wide-open question how touch is represented in their brains. We showed exactly where different kinds of touch activate specific neurons in these regions and how touch is organized in their forebrains."

Previous studies in which birds were injected with dye showed their brains have one region in the forebrain to process touch to the face and head, and one for touch anywhere else on the body. In owls, for example, touch centers that typically correspond to face touch are devoted solely to talons. But since hummingbirds live very different lives than owls, it didn't seem likely this would hold true for them.




Leitch and co-authors at Royal Veterinary College and the University of British Columbia were able to observe neurons firing in real time by placing electrodes on hummingbirds and finches, and touching them gently with cotton swabs or puffs of air. A computer amplified the signals from the electrodes and converted them to sound for easier analysis.

The experiments confirmed that touch for the head and body is mapped in different regions of the forebrain and showed for the first time that air pressure activates specific clusters of neurons in these regions. Examination of the wings showed a network of nerve cells that likely sent a signal to the brain when activated by puffs of air on the feathers.

The researchers found particularly large clusters of brain cells that reacted to stimulation of the edges of wings, which they think help the birds adjust flight in a nuanced way. They also discovered that the feet are acutely sensitive to touch and this touch had a large representation in the brain, presumably to help with perching. The researchers speculate these areas may be even larger in parrots and other birds that use their feet to grasp and move objects.

In their study, the researchers identified receptive fields on the birds, in which a touch would trigger a neuron to fire. In hummingbirds, some of these fields -- especially on the bill, face and head -- were very small, meaning they could sense the lightest touch. Zebra finches had the same but larger receptive fields, suggesting these regions in finches are not quite as sensitive and  probably of greater relevance to hummingbirds that rely on constant, steady precision flight.

"Hummingbirds were often reacting to the slightest thresholds we could give them," Leitch said.

Learning more about how diverse animals map touch across their body could lead to advances in technologies that use sensors to move about or perform a task, such as prosthetic limbs or autonomous devices. But improvements to animal welfare are perhaps a more immediate outcome of the research.

"If we can understand how animals perceive their sense of touch, we can develop practices that are less disturbing to them," Leitch said.
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Complete X and Y chromosome sequences of living great ape species determined | ScienceDaily
Newly generated, complete "end-to-end" reference genomes for the sex chromosomes of five great ape species and one lesser ape species -- produced by an international collaborative team led by researchers at Penn State, the National Human Genome Research Institute and the University of Washington -- highlight extremely rapid changes on the male-specific Y chromosome among ape species. These findings shed light on the evolution of sex chromosomes and inform understanding of diseases related to genes on these chromosomes in both apes and humans.


						
"The Y chromosome is important for human fertility, and the X chromosome harbors genes critical for reproduction, cognition and immunity," said Kateryna Makova, Verne M. Willaman Chair of Life Sciences, professor of biology at Penn State and leader of the research team. "Our study opens doors for many future investigations of sex chromosomes, how they evolved, and diseases associated with them. The living non-human great ape species we studied are all endangered. The availability of their complete sex chromosome sequences will facilitate studies of their sex-specific dispersal in the wild and of their genes important for reproduction and fertility."

Such reference genomes act as a representative example that are useful for future studies of these species. The team found that, compared to the X chromosome, the Y chromosome varies greatly across ape species and harbors many species-specific sequences. However, it is still subject to purifying natural selection -- an evolutionary force that protects its genetic information by removing harmful mutations.

The new study appears May 29 in the journal Nature.

"Researchers sequenced the human genome in 2001, but it wasn't actually complete," Makova said. "The technology available at the time meant that certain gaps weren't filled in until a renewed effort led by the Telomere-to-Telomere, or T2T, Consortium in 2022-23. We leveraged the experimental and computational methods developed by the Human T2T Consortium to determine the complete sequences for the sex chromosomes of our closest living relatives -- great apes."

The team produced complete sex chromosome sequences for five species of great apes -- chimpanzee, bonobo, gorilla, Bornean orangutan and Sumatran orangutan, which comprise most great ape species living today -- as well as a lesser ape, siamang. They generated sequences for one individual of each species. The resulting reference genomes act as a map of genes and other chromosomal regions, which can help researchers sequence and assemble the genomes of other individuals of that species. Previous sex chromosome sequences for these species were incomplete or -- for the Bornean orangutan and siamang -- did not exist.

"The Y chromosome has been challenging to sequence because it contains many repetitive regions, and, because traditional short-read sequencing technology decodes sequences in short bursts, it is difficult to put the resulting segments in the correct order," said Karol Pal, postdoctoral researcher at Penn State and a co-first author of the study. "T2T methods use long-read sequencing technologies that overcome this challenge. Combined with advances in computational analysis, on which we collaborated with Adam Phillippy's group at the NHGRI, this allowed us to completely resolve repetitive regions that were previously difficult to sequence and assemble. By comparing the X and Y chromosomes to each other and among species, including to the previously generated human T2T sequences of the X and the Y, we learned many new things about their evolution."

High variability on the Y chromosome




"Sex chromosomes started like any other chromosome pair, but the Y has been unique in accumulating many deletions, other mutations and repetitive elements because it does not exchange genetic information with other chromosomes over most of its length," said Makova, who is also the director of the Center for Medical Genomics at Penn State.

As a result, across the six ape species, the research team found that the Y chromosome was much more variable than the X over a variety of characteristics, including size. Among the studied apes, the X chromosome ranges in size from 154 million letters of the ACTG alphabet -- representing the nucleotides that make up DNA -- in chimpanzee and human to 178 million letters in gorilla. In contrast, the Y chromosome ranges from 30 million DNA letters in siamang to 68 million letters in Sumatran orangutan.

The amount of DNA sequence shared between species was also more variable on the Y. For example, about 98% of the X chromosome aligns between human and chimpanzee, but only about a third of the Y aligns between them. The researchers found that this is in part because the Y chromosome is more likely to be rearranged or have portions of its genetic material duplicated.

Additionally, the percentage of the chromosome occupied by sequences that are repeated is highly variable on the Y. Whereas, depending on the species, 62% to 66% of the X chromosomes are occupied by repetitive elements, 71% to 85% of the Y chromosomes are occupied by them. These percentages are higher on both the X and the Y than in other chromosomes in the human genome.

How the Y has survived

"We found the ape Y to be shrinking, accumulating many mutations and repeats, and losing genes," Makova said. "So why hasn't the Y chromosome disappeared, as some previous hypotheses suggested? In collaboration with Sergei Kosakovsky Pond from Temple University and others, we found that the Y chromosome still has a number of genes evolving under purifying selection -- a type of natural selection that keeps gene sequences intact. Many of these genes are important for spermatogenesis. This means that the Y chromosome is unlikely to disappear any time soon."

The researchers found that many genes on the Y chromosome seem to use two strategies to survive. The first takes advantage of genetic redundancy -- the presence of multiple copies of the same gene on a chromosome -- so that intact copies of the gene can compensate for copies that might acquire mutations. The team quantified this genetic redundancy by completing the landscape of multi-copy gene families on ape sex chromosomes for the first time.




The second survival strategy takes advantage of palindromes, where the sequence of letters in the DNA alphabet is followed by the same, but inverted sequence, for example, ACTG-GTCA. When located within a palindrome, genes benefit from the palindrome's ability to correct mutations.

"We found that the Y chromosome can exchange genetic information with itself between the repeated sequences of the two palindrome arms, which fold so that the inverted sequences align," Pal said. "When two copies of the same gene are located within palindromes, and one copy is hit by a mutation, the mutation can be rescued by the genetic exchange with another copy. This can compensate for the Y's lack of genetic information exchange with the other chromosomes."

The research team obtained the complete sequences of palindromes on ape sex chromosomes also for the first time, as they were previously difficult to sequence and study. They found that palindromes are particularly abundant and long on the ape Y chromosome, yet they are usually only shared among closely related species.

In collaboration with Michael Schatz and his team at Johns Hopkins University, the researchers also studied the sex chromosomes of 129 individual gorillas and chimpanzees to better understand the genetic variation within each species and search for evidence of natural selection and other evolutionary forces acting on them.

"We obtained substantial new information from previously studied gorilla and chimpanzee individuals by aligning their sex chromosome sequencing reads to our new reference sequences," said Zachary Szpiech, assistant professor of biology at Penn State and an author of the paper. "While increasing the sample size in the future will be very helpful to improve our ability to detect signatures of different evolutionary forces, this can be ethically and logistically challenging when working with endangered species, so it is critical that we can get the most out of the data we do have."

The researchers explored a variety of factors that could explain variation on the Y chromosome within gorillas and within chimpanzees, and this analysis revealed additional signatures of purifying selection on the Y. This confirms the role of this type of natural selection on the Y, as was discovered in their previous analyses of genes.

"The powerful combination of bioinformatic techniques and evolutionary analyses that we used allows us to better explain the evolutionary processes acting on sex chromosomes in our closest living relatives, great apes," said Christian Huber, assistant professor of biology at Penn State and an author of the paper. "Additionally, the reference genomes we produced will be instrumental for future studies of primate evolution and human diseases."

In addition to Makova, Pal, Szpiech and Huber, the research team at Penn State includes Kaivan Kamali, computational scientist in the departments of biology and of biochemistry and molecular biology; Troy LaPolice, graduate student in bioinformatics and genomics; Paul Medvedev, professor of computer science and engineering and of biochemistry and molecular biology; Sweetalana, research assistant in the department of biology; Huiqing Zeng, research technologist in biology; Xinru Zhang, graduate student in bioinformatics and genomics; Robert Harris, assistant research professor of biology, now retired; Barbara McGrath, associate research professor of biology, now retired; and Sarah Craig, associate research professor of biology, currently a program officer at the National Institutes of Health. The co-authors also included Penn State alumni Monika Cechova, currently a postdoctoral fellow at the University of California Santa Cruz, and Melissa Wilson, currently an associate professor at Arizona State University.

In addition to Makova, the team was co-led by co-corresponding study authors Adam Phillippy, senior investigator at NHGRI, and Evan Eichler, professor of Genome Sciences at the University of Washington. A full list of authors for this paper is available here.

Funding from the National Institutes of Health supported this research.
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Moon orbiting 'dinky' asteroid is actually two tiny moons stuck together | ScienceDaily
When NASA's Lucy spacecraft flew past its first official target Dinkinesh in November 2023, researchers discovered that the asteroid -- known as "Dinky" -- was not alone in space. A satellite asteroid, which the team named "Selam," was orbiting Dinky. As Lucy sent more data back to Earth, the researchers discovered something surprising: Selam was not just one moon, it was a contact binary -- or two moons melded together.


						
The Lucy team, which includes University of Maryland Professor of Astronomy and Geology Jessica Sunshine, detailed the unexpected finding in a paper published in the journal Nature on May 29, 2024. The researchers noted that the unusual arrangement challenges existing theories about how asteroids and other celestial bodies formed over time and provides additional insight into the internal structure, dynamics and evolutionary history of both Dinky and Selam.

"There's a lot more complexity in these small bodies than we originally thought," said Sunshine, a co-author of the paper. "With the additional observations taken by the spacecraft, we were able to better analyze features such as Dinkinesh's rotation speed and Selam's orbit pattern. We also have a better understanding of what materials they're possibly made of, bringing us a step closer to learning just how terrestrial bodies are created."

Images taken by the Lucy spacecraft revealed a trough on Dinkinesh where about a quarter of the asteroid broke off from its main body, a ridge that formed after the asteroid's structural failure and the contact binary now known as Selam (which was named after the child counterpart of the Lucy hominin fossil discovered in 1974). The team theorized that Dinky's fast spinning motion -- boosted by the uneven reflection of sunlight off the asteroid's surface -- caused it to shed and eject rocky debris into orbit. Some of the debris could have aggregated to form Selam, while another portion of the fragments rained back down on Dinky as boulders and created the ridges photographed by the Lucy spacecraft.

"One of the things that's critical to understanding how planets like Earth got here is understanding how objects behave when they hit each other, and to understand that we need to understand their strength," said lead scientist Hal Levison of Southwest Research Institute, Boulder, Colorado, principal investigator for the Lucy mission. "Basically, the planets formed when [smaller objects like asteroids] orbiting the Sun ran into each other. Whether objects break apart when they hit or stick together has a lot to do with their strength and internal structure."

The team deduced that Dinky likely had some internal strength, which allowed it to maintain most of its form.

Just how Dinky's unusual dual moons formed remains a mystery, but Sunshine said that the team's findings open the door to comparative studies with similar celestial bodies.




"I'm personally very excited to compare the Didymos binary system with this one, especially as they appear to share many similarities such as size, general shape and possibly composition despite being in totally different parts of the solar system," explained Sunshine, who was also on NASA's DART research team and helped detail the DART spacecraft's successful deflection of Didymos' small moon called Dimorphos.

"The Didymos binary system is located in a near-Earth environment while the Dinkinesh system is located much farther away from Earth in the main asteroid belt," she added. "They have very different features but we think they may have undergone similar processes to become what we know of them today."

Dinkinesh and its satellite are the first two of 11 asteroids that Lucy plans to explore over its 12-year journey. After skimming the inner edge of the main asteroid belt, Lucy heads back toward Earth for a gravity assist in December 2024. That close flyby will propel the spacecraft back through the main asteroid belt, where it will observe asteroid Donaldjohanson in April 2025, and then move on to observe the Trojan asteroids in 2027.

"Our ultimate goal is to understand the formation of celestial bodies," Sunshine said. "How do planets form? How was Earth formed? We know that big planets are formed by smaller bodies, so studying these little asteroids lets us see how materials behave and interact on a smaller scale. With Dinky and the other asteroids we're flying by, we're laying the groundwork for understanding how planets are made."
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The case of the missing black holes | ScienceDaily
Researchers at the Research Center for the Early Universe (RESCEU) and Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU, WPI) at the University of Tokyo have applied the well-understood and highly verified quantum field theory, usually applied to the study of the very small, to a new target, the early universe. Their exploration led to the conclusion that there ought to be far fewer miniature black holes than most models suggest, though observations to confirm this should soon be possible. The specific kind of black hole in question could be a contender for dark matter.


						
The study of the universe can be a daunting thing, so let's make sure we're all on the same page. Though details are fuzzy, the general consensus amongst physicists is that the universe is about 13.8 billion years old, began with a bang, expanded rapidly in a period called inflation, and somewhere along the line went from being homogenous to containing detail and structure. Most of the universe is empty, but despite this, it appears to be significantly heavier than can be explained by what we can see -- we call this discrepancy dark matter, and no one knows what this might be, but evidence is building that it might be black holes, specifically old ones.

"We call them primordial black holes (PBH), and many researchers feel they are a strong candidate for dark matter, but there would need to be plenty of them to satisfy that theory," said graduate student Jason Kristiano. "They are interesting for other reasons too, as since the recent innovation of gravitational wave astronomy, there have been discoveries of binary black hole mergers, which can be explained if PBHs exist in large numbers. But despite these strong reasons for their expected abundance, we have not seen any directly, and now we have a model which should explain why this is the case."

Kristiano and his supervisor, Professor Jun'ichi Yokoyama, presently the director of Kavli IPMU and RESCEU, have extensively explored the various models for PBH formation, but found that the leading contenders do not align with actual observations of the cosmic microwave background (CMB), which is sort of like a leftover fingerprint from the Big Bang explosion marking the beginning of the universe. And if something disagrees with solid observations, it either cannot be true or can only paint part of a picture at best. In this case, the team used a novel approach to correct the leading model of PBH formation from cosmic inflation so it better aligns with current observations and could be further verified with upcoming observations by terrestrial gravitational wave observatories around the world.

"At the beginning, the universe was incredibly small, much smaller than the size of a single atom. Cosmic inflation rapidly expanded that by 25 orders of magnitude. At that time, waves traveling through this tiny space could have had relatively large amplitudes but very short wavelengths. What we have found is that these tiny but strong waves can translate to otherwise inexplicable amplification of much longer waves we see in the present CMB," said Yokoyama. "We believe this is due to occasional instances of coherence between these early short waves, which can be explained using quantum field theory, the most robust theory we have to describe everyday phenomena such as photons or electrons. While individual short waves would be relatively powerless, coherent groups would have the power to reshape waves much larger than themselves. This is a rare instance of where a theory of something at one extreme scale seems to explain something at the opposite end of the scale."

If, as Kristiano and Yokoyama suggest, early small-scale fluctuations in the universe do affect some of the larger-scale fluctuations we see in the CMB, it might alter the standard explanation of coarse structures in the universe. But also, given we can use measurements of wavelengths in the CMB to effectively constrain the extent of corresponding wavelengths in the early universe, it necessarily constrains any other phenomena that might rely on these shorter, stronger wavelengths. And this is where the PBHs come back in.

"It is widely believed that the collapse of short but strong wavelengths in the early universe is what creates primordial black holes," said Kristiano. "Our study suggests there should be far fewer PBHs than would be needed if they are indeed a strong candidate for dark matter or gravitational wave events."

At the time of writing, the world's gravitational wave observatories, LIGO in the U.S., Virgo in Italy and KAGRA in Japan, are in the midst of an observation mission which aims to observe the first small black holes, likely PBHs. In any case, the results should offer the team solid evidence to help them refine their theory further.
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Electrochromic films -- like sunglasses for your windows? | ScienceDaily
Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers in ACS Energy Letters report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red.


						
Hongbo Xu and colleagues used MOFs in their electrochromic film because of the crystalline substances' abilities to form thin films with pore sizes that can be customized by changing the length of the organic ligand that binds to the metal ion. These features enable improved current flow, more precise control over colors and durability. In demonstrations, Xu's MOF electrochromic film took 2 seconds to switch from colorless to green with an electric potential of 0.8 volts, and 2 seconds to switch to dark red with 1.6 V. The film maintained the green or red color for 40 hours when the potential dropped, unless a reverse voltage was applied to return the film to its transparent state. The film also performed reliably through 4,500 cycles of switching from colored to clear. With further optimization, the researchers say their tunable coatings could be used in smart windows that regulate indoor temperatures, as well as in smaller scale intelligent optical devices and sensors.

In addition to Xu's MOF-based electrochromic film, several other research groups have reported electrochromic coating designs, including a UV-blocking but visually transparent radiative cooling film, a colorful plant-based film that gets cooler when exposed to sunlight, and a temperature-responsive film that turns darker in cold weather and lighter when it's hot.
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Orchids support seedlings through 'parental nurture' via shared underground fungal networks | ScienceDaily

A new study, led by researchers from the University of Sheffield in collaboration with The University of Manchester, provides the first evidence that early stage orchid seedlings germinate and thrive near to adult plants due to a kind of parental nurture using underground fungal networks.

Scientists investigated the idea that fungal networks, known as mycorrhizal networks, act as a direct pathway for established orchid plants to share recently produced sugars with developing seedlings.

Professor Katie Field, co-author of the study and Professor of Plant-Soil Processes at the University of Sheffield's School of Biosciences, said: "Our results support the idea that some orchids engage in a form of 'parental nurture' with their seedlings. By supplying early stage seedlings with essential nutrients via shared fungal connections, the parent orchids give the seedlings an advantage over neighbouring plants that are competing for the same resources.

"This finding is exciting because why these orchids are often found in clumps, despite their seeds being wind dispersed, has been a puzzle for hundreds of years."

The study focused on the Common Spotted Orchid and its fungal partner, Ceratobasidium cornigerum. Researchers created a system where mature, green orchids were connected to developing, chlorophyll-free seedlings through a fungal network grown on agar.

The mature plants were then exposed to a special form of carbon dioxide that could be tracked within the system.




Here's how it worked:
    	Green orchid plants were connected to developing seedlings through the fungal network.
    	The green plants were then exposed to a special form of carbon dioxide that could be tracked within the system.
    	After a period of time, the researchers analysed both the seedlings and the fungal network to see where the labelled carbon ended up.

The results were clear, the seedlings were accumulating the labelled carbon, indicating they were being supported by the adult plants. By tracking the movement of carbon, the study showed that the mature orchids were indeed sharing their recently produced sugars with the seedlings through the fungal network.

Sir David Read, Emeritus Professor of Plant Sciences from the University of Sheffield and lead author of the study, said: "Whereas the seeds of most plants, for example legumes (peas, beans) and grasses (rice, corn, wheat) are fully provisioned with food reserves by their parent plants, the so-called dust seeds of orchids receive insufficient reserves from the parents to develop on their own.

"They are instead produced in their millions by each individual parent orchid plant from which they are dispersed, by wind, to the surrounding environment. Even Charles Darwin was puzzled by this strategy, suggesting that while it should enable the seeds of an individual orchid plant to be so widely distributed that within a few years it could colonise the whole world. He observed that their failure to do so 'could not be understood at this time'.

"What is now revealed is that the belowground development of these essentially reserve-free seeds can be supported by photosynthetically produced sugars that are transported to them from mature plants growing above ground through a shared mycelium of symbiotic fungi."

Results of the study, published in New Phytologist, show the amount of carbon transferred seemed to depend on the environment. When the fungus had access to a richer food source (oatmeal agar), less carbon was transferred to the seedling. This suggests that the strength of the demand from the seedlings may influence the flow of nutrients through the network.

This research has important implications for understanding orchid ecology and conservation efforts. By recognising the importance of fungal connections, scientists can develop better strategies for protecting these unique and often threatened plants.

Next steps are to research this theory in the natural habitat that the orchids are found in and to look at whether this applies to other species.
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New technique offers more precise maps of the Moon's surface | ScienceDaily
A new study by Brown University researchers may help redefine how scientists map the surface of the Moon, making the process more streamlined and precise than ever before.


						
Published in the Planetary Science Journal, the research by Brown scholars Benjamin Boatwright and James Head describes enhancements to a mapping technique called shape-from-shading. The technique is used to create detailed models of lunar terrain, outlining craters, ridges, slopes and other surface hazards. By analyzing the way light hits different surfaces of the Moon, it allows researchers to estimate the three-dimensional shape of an object or surface from composites of two-dimensional images.

Accurate maps can help lunar mission planners to identify safe landing spots and areas of scientific interest, making mission operations smoother and more successful.

"It helps us piece together a better idea of what is actually there," said Boatwright, a postdoctoral researcher in Brown's Department of Earth, Environmental and Planetary Sciences and lead author of the new paper. "We need to understand the surface topography of the Moon where there isn't as much light, like the shadowed areas of the lunar south pole where NASA's Artemis missions are targeting. That will allow autonomous landing software to navigate and avoid hazards, like large rocks and boulders, that could endanger a mission. For that reason, you need models that map the topography of the surface at as high a resolution as possible because the more detail you have, the better."

The process to develop precision maps, however, is labor intensive and has limitations when it comes to complex lighting conditions, inaccurate shadow interpretation and handling terrain variability. The Brown researchers' improvements to the shape-from-shading technique focuses on addressing these issues.

The scholars outline in the study how advanced computer algorithms can be used to automate much of the process and significantly heighten the resolution of the models. The new software gives lunar scientists the tools to create larger maps of the Moon's surface that contain finer details at a much faster pace, the researchers say.

"Shape-from-shading requires that the images that you're using be perfectly aligned with one another so that a feature in one image is in the exact same place in another image to build up those layers of information, but current tools are not quite in a place where you can just give it bunches of images and it'll spit out a perfect product," Boatwright said. "We implemented an image alignment algorithm where it picks out features in one image and tries to find those same features in the other and then line them up, so that you're not having to sit there manually tracing interest points across multiple images, which takes a lot a of hours and brain power."

The researchers also implemented quality control algorithms and additional filters to reduce outliers from the alignment process -- tools to ensure the aligned images actually match and remove images that don't align as well. By only selecting images that end up being usable, this improves quality and takes precision down to submeter resolutions. The speed also allows for larger surface areas to be examined, increasing the production of these maps.




The researchers evaluated the accuracy of their maps by comparing them with other existing topographic models, looking for discrepancies or errors in lunar surface features. They found the maps generated using their refined shape-from-shading method were more precise compared to those derived from traditional techniques, showing more subtle features and variations of lunar surface terrain.

For the study, the researchers primarily used data from Lunar Orbiter Laser Altimeter and Lunar Reconnaissance Orbiter Camera, instruments onboard NASA's Lunar Reconnaissance Orbiter, which has been orbiting the Moon since 2009.

The scientists plan to use their refined shape-from-shading software to produce lunar maps, and they hope others will use it in their modeling efforts, as well. It's why they used open-source algorithms to produce the tool.

"These new map products are significantly better than what we had in exploration planning during the Apollo missions, and they will very much improve the mission planning and scientific return for Artemis and robotic missions," said Head, a professor of geological sciences at Brown who worked in the Apollo program.

The researchers hope the new tool will add to the current interest in the science and exploration of the Moon happening at NASA and in space agencies around the world.

"There's a wealth of information to be gained from making these types of tools accessible to all," Boatwright said. "It's an egalitarian way of doing science."

The work was supported by the NASA Goddard Space Flight Center.
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Scent detection dogs discern odour molecules better than previously thought | ScienceDaily
According to a recent study, dogs trained to detect scent may be able to identify significantly lower concentrations of odour molecules than has previously been documented.


						
A study carried out by the University of Helsinki's DogRisk research group, the University of Eastern Finland and Wise Nose -- Scent Discrimination Association in Finland investigated the threshold for scent detection in dogs.

The study revealed that dogs can learn to identify concentrations of eucalyptus hydrolate that are clearly below the detection threshold of sophisticated analytical instruments used today. The concentrations were also far below previously reported levels.Dogs' extraordinary sense of smell can be exploited, for example, in search and rescue operations and in medical detection.

The 15 dogs that participated in the study had different training backgrounds. Some dogs had experience of nose work, which is a hobby and competitive dog sport, while some had been trained to identify diseases, mould or pests.

In the study, the dogs were to differentiate samples containing low concentrations of eucalyptus hydrolate from samples containing only water.The focus was on determining the lowest concentration that the dogs could detect for certain. The study included three different tests where the concentrations of the hydrolate were diluted gradually until the dogs could no longer identify the scent. This determined the threshold for their scent detection ability.

"The dogs' scent detection threshold initially varied from 1:104-1:1023 but narrowed down to 1:1017-1:1021 after a training period. In other words, the dogs needed 1 to 10 molecules per millilitre of water to detect the right sample. For perspective, a single yeast cell contains 42 million molecules," describes the principal investigator of the study, Anna Hielm-Bjorkman from the University of Helsinki.

In addition, the researchers found that there was great variation between the eucalyptus hydrolate products commonly used in nose work. They analysed ten commercial products and detected, for instance, different concentrations of eucalyptol and lower alcohols.

"This explains why many dogs used to commercial eucalyptus hydrolates showed unexpectedly poor results in the study. Their sense of smell is so precise that they did not identify the eucalyptus hydrolate used in the study to be same substance that they were familiar with. This demonstrates the importance of using standardised nose work products in both training and sports competitions," concludes Visiting Researcher Soile Turunen from the University of Eastern Finland.
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Public have no difficulty getting to grips with an extra thumb, study finds | ScienceDaily
Cambridge researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects.


						
The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

An emerging area of future technology is motor augmentation -- using motorised wearable devices such as exoskeletons or extra robotic body parts to advance our motor capabilities beyond current biological limitations.

While such devices could improve the quality of life for healthy individuals who want to enhance their productivity, the same technologies can also provide people with disabilities new ways to interact with their environment.

Professor Tamar Makin from the Medical Research Council (MRC) Cognition and Brain Sciences Unit at the University of Cambridge said: "Technology is changing our very definition of what it means to be human, with machines increasingly becoming a part of our everyday lives, and even our minds and bodies.

"These technologies open up exciting new opportunities that can benefit society, but it's vital that we consider how they can help all people equally, especially marginalised communities who are often excluded from innovation research and development. To ensure everyone will have the opportunity to participate and benefit from these exciting advances, we need to explicitly integrate and measure inclusivity during the earliest possible stages of the research and development process."

Dani Clode, a collaborator within Professor Makin's lab, has developed the Third Thumb, an extra robotic thumb aimed at increasing the wearer's range of movement, enhancing their grasping capability and expanding the carrying capacity of the hand. This allows the user to perform tasks that might be otherwise challenging or impossible to complete with one hand or to perform complex multi-handed tasks without having to coordinate with other people.




The Third Thumb is worn on the opposite side of the palm to the biological thumb and controlled by a pressure sensor placed under each big toe or foot. Pressure from the right toe pulls the Thumb across the hand, while the pressure exerted with the left toe pulls the Thumb up toward the fingers. The extent of the Thumb's movement is proportional to the pressure applied, and releasing pressure moves it back to its original position.

In 2022, the team had the opportunity to test the Third Thumb at the annual Royal Society Summer Science Exhibition, where members of the public of all ages were able to use the device during different tasks. The results are published today in Science Robotics.

Over the course of five days, the team tested 596 participants, ranging in age from three to 96 years old and from a wide range of demographic backgrounds. Of these, only four were unable to use the Third Thumb, either because it did not fit their hand securely, or because they were unable to control it with their feet (the pressure sensors developed specifically for the exhibition were not suitable for very lightweight children).

Participants were given up to a minute to familiarise themselves with the device, during which time the team explained how to perform one of two tasks.

The first task involved picking up pegs from a pegboard one at a time with just the Third Thumb and placing them in a basket. Participants were asked to move as many pegs as possible in 60 seconds. 333 participants completed this task.

The second task involved using the Third Thumb together with the wearer's biological hand to manipulate and move five or six different foam objects. The objects were of various shapes that required different manipulations to be used, increasing the dexterity of the task. Again, participants were asked to move as many objects as they could into the basket within a maximum of 60 seconds. 246 participants completed this task.




Almost everyone was able to use the device straightaway. 98% of participants were able to successfully manipulate objects using the Third Thumb during the first minute of use, with only 13 participants unable to perform the task.

Ability levels between participants were varied, but there were no differences in performance between genders, nor did handedness change performance -- despite the Thumb always being worn on the right hand. There was no definitive evidence that people who might be considered 'good with their hands' -- for example, they were learning to play a musical instrument, or their jobs involved manual dexterity -- were any better at the tasks.

Older and younger adults had a similar level of ability when using the new technology, though further investigation just within the older adults age bracket revealed a decline in performance with increasing age. The researchers say this effect could be due to the general degradation in sensorimotor and cognitive abilities that are associated with ageing and may also reflect a generational relationship to technology.

Performance was generally poorer among younger children. Six out of the 13 participants that could not complete the task were below the age of 10 years old, and of those that did complete the task, the youngest children tended to perform worse compared to older children. But even older children (aged 12-16 years) struggled more than young adults.

Dani said: "Augmentation is about designing a new relationship with technology -- creating something that extends beyond being merely a tool to becoming an extension of the body itself. Given the diversity of bodies, it's crucial that the design stage of wearable technology is as inclusive as possible. It's equally important that these devices are accessible and functional for a wide range of users. Additionally, they should be easy for people to learn and use quickly."

Co-author Lucy Dowdall, also from the MRC Cognition and Brain Science Unit, added: "If motor augmentation -- and even broader human-machine interactions -- are to be successful, they'll need to integrate seamlessly with the user's motor and cognitive abilities. We'll need to factor in different ages, genders, weight, lifestyles, disabilities -- as well as people's cultural, financial backgrounds, and even likes or dislikes of technology. Physical testing of large and diverse groups of individuals is essential to achieve this goal."

There are countless examples of where a lack of inclusive design considerations has led to technological failure:
    	Automated speech recognition systems that convert spoken language to text have been shown to perform better listening to white voices over Black voices.
    	Some augmented reality technologies have been found to be less effective for users with darker skin tones.
    	Women face a higher health risk from car accidents, due to car seats and seatbelts being primarily designed to accommodate 'average' male-sized dummies during crash testing.
    	Hazardous power and industrial tools designed for a right-hand dominant use or grip have resulted in more accidents when operated by left-handers forced to use their non-dominant hand.

This research was funded by the European Research Council, Wellcome, the Medical Research Council and Engineering and Physical Sciences Research Council.
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Bird flu: Diverse range of vaccines platforms 'crucial' for enhancing human pandemic preparedness | ScienceDaily
Vaccination remains the most effective strategy for avian influenza prevention and control in humans, despite varying vaccine efficacy across strains.


						
That's according to the authors of a new review which delves into existing research into bird flu vaccines for humans.

Published in the peer-reviewed journal Human Vaccines & Immunotherapeutics, the results of the paper are particularly timely following news last week (Wednesday 22nd May) that the bird flu strain H5N1 had once again, for a second time, jumped from cattle in America to a human -- prompting fears of subsequent human-to-human infection, with possible critical consequences.

Instances of the avian influenza were first recognized in US cattle in March. Since then, this strain has mainly spread from cow-to-cow and scientists have discovered very high levels of virus in raw milk (pasteurized milk is safe, having shown viral RNA but not infectious virus). To-date two people, however, are known to have contracted the bird flu virus. Both patients -- US farmers -- only reported eye symptoms and with treatment they made a full recovery.

Following tests on the first human instance, it was seen that the strain had mutated to be better adapted to mammalian cells, but as long as that human didn't pass it onto another person it likely stopped the spread at that point. With the second case, the CDC has released a statement to say it has been monitoring influenza surveillance systems intently, especially in impacted states. "There has been no sign of unusual influenza activity in people, including in syndromic surveillance," they report.

The concern now, though, is that if H5N1 continues to be given the environment in which to mutate (such as in close quarter cattle farms) -- and this continues long enough -- it has the potential to find a combination that will easily spread to humans.

The results of this new research, carried out by a team at the University of Georgia, USA, suggests vaccines still remain our "primary defense" against potential spread of avian influenzas such as the H5N1 and others assessed.




"The H5N1, H7N9, and H9N2 subtypes of avian influenza virus pose a dual threat, not only causing significant economic losses to the global poultry industry but also presenting a pressing public health concern due to documented spillover events and human cases," explains lead author Flavio Cargnin Faccin, who alongside his mentor Dr. Daniel Perez of the University of Georgia, USA, analyzed the current landscape of research into human vaccines for these bird flus.

"This deep delve into the landscape of avian influenza vaccines for humans shows vaccination remains the primary defense against the spread of these viruses."

The team examined studies of vaccines tested in mice, ferrets, non-human primates, and clinical trials of bird flu vaccines in humans, and assessed both established platforms and promising new directions.

The review carried out suggests inactivated vaccines are a safe and affordable option that primarily activate humoral immunity -- the part of our immune system that produces antibodies.

Live attenuated influenza vaccines (LAIVs) are known to induce a wider immune response than inactivated vaccines, activating not only antibody production but also mucosal and cellular defenses. In this review, the authors suggest this broader response may offer greater protection, though, the authors suggest further research is needed to fully understand and harness its potential benefits for both human and agricultural applications.

The review also examined alternatives, such as virus-like particle (VLP) vaccines and messenger RNA (mRNA) vaccines, that have emerged more recently. Although VLP vaccines for bird flu have limited clinical trial data in humans, results from studies in mice and ferrets showed promise, the authors found. mRNA vaccines against H5N1 and H7N9 bird flu subtypes also generated a rapid and strong immune response in mice and ferrets, and, while data in humans is scarce, results from a phase 1 study of an H7N9 mRNA vaccine in healthy humans were "encouraging."

Overall, the team suggests "exploring and employing a diverse range of vaccine platforms," will be "crucial for enhancing pandemic preparedness and mitigating the threat of avian influenza viruses."
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When should you neuter or spay your dog? | ScienceDaily
Researchers at the University of California, Davis, have updated their guidelines on when to neuter 40 popular dog varieties by breed and sex. Their recent paper in Frontiers in Veterinary Science adds five breeds to a line of research that began in 2013 with a study that suggested that early neutering of golden retrievers puts them at increased risk of joint diseases and certain cancers.


						
That initial study set off a flurry of debate about the best age to neuter other popular breeds. Professors Lynette and Benjamin Hart of the School of Veterinary Medicine, the study's lead authors, set out to add more breed studies by examining more than a decade of data from thousands of dogs treated at the UC Davis veterinary hospital. Their goal was to provide owners with more information to make the best decision for their animals.

They specifically looked at the correlation between neutering or spaying a dog before 1 year of age and a dog's risk of developing certain cancers. These include cancers of the lymph nodes, bones, blood vessels or mast cell tumors for some breeds; and joint disorders such as hip or elbow dysplasia, or cranial cruciate ligament tears. Joint disorders and cancers are of particular interest because neutering removes male and female sex hormones that play key roles in important body processes such as closure of bone growth plates.

For the most recent study, they focused on German short/wirehaired pointer, mastiff, Newfoundland, Rhodesian ridgeback and Siberian husky. Data was collected from the UC Davis veterinary hospital's records that included more than 200 cases for each of these five breeds weighing more than 20 kg (or 44 pounds), spanning January 2000 through December 2020.

The Harts said their updated guidelines emphasize the importance of personalized decisions regarding the neutering of dogs, considering the dog's breed, sex and context. A table representing guidelines reflecting the research findings for all 40 breeds that have been studied, including the five new breeds, can be found here.

Health risks different among breeds

"It's always complicated to consider an alternate paradigm," said Professor Lynette Hart. "This is a shift from a long-standing model of early spay/neuter practices in the U.S. and much of Europe to neuter by 6 months of age, but important to consider as we see the connections between gonadal hormone withdrawal from early spay/neuter and potential health concerns."

The study found major differences among these breeds for developing joint disorders and cancers when neutered early. Male and female pointer breeds had elevated joint disorders and increased cancers; male mastiff breeds had increased cranial cruciate ligament tears and lymphoma; female Newfoundland breeds had heightened risks for joint disorders; female Ridgeback breeds had heightened risks for mast cell tumors with very early neutering; and Siberian huskies showed no significant effects on joint disorders or cancers.




"We're invested in making contributions to people's relationship with their animals," said Benjamin Hart, distinguished professor emeritus. "This guidance provides information and options for veterinarians to give pet owners, who should have the final decision-making role for the health and well-being of their animal."

Their combined research studies will soon be available with others in the open access journal, Frontiers of Veterinary Science, as a free e-book, Effective Options Regarding Spay or Neuter of Dogs.

Other researchers on this UC Davis study include: Abigail Thigpen, Maya Lee, Miya Babchuk, Jenna Lee, Megan Ho, Sara Clarkson and Juliann Chou with the School of Veterinary Medicine; and Neil Willits with the Department of Statistics.

The research received a small amount of funding from the Center for Companion Animal Health, but was primarily conducted by the above authors as volunteers.
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Why do Dyeing poison frogs tap dance? | ScienceDaily
The toe tapping behavior of various amphibians has long attracted attention from researchers and pet owners. Despite being widely documented, the underlying functional role is poorly understood. In a new paper, researchers demonstrate that Dyeing poison frogs modulate their taps based on specific stimuli.


						
Dyeing poison frogs, Dendrobates tinctorius, have been shown to tap their posterior toes in response to a range of prey sizes, from small fruit flies to large crickets. In the present study, the researchers hypothesized that if the tapping has a role in feeding, the frogs would adjust their behavior in response to different environmental cues.

To test their hypothesis, the researchers recorded the frogs under varying conditions. "I used the slow-motion camera on my iPhone to take minute-long videos of the frogs tapping. Afterwards, I went back to each video and counted the number of taps on each foot and how long they were visible since they were often hidden behind a leaf or the frog itself. I used those two numbers to get a "taps per minute" on each foot and added them up," said Thomas Parrish, a former undergraduate student in the Fischer lab (GNDP), and the first author on the paper.

The researchers first tested whether the frogs tapped their toes more when they were feeding. To do so, the researchers fed the terrariums with half a teaspoon of fruit flies and recorded their hunting.

"We already knew the answer to this, but it was great to see that the tapping increased in the presence of the prey," said Eva Fischer, an assistant professor of integrative biology. "We wanted to ask 'Why?' and we wondered whether it had a function in prey capture or it was just a excitatory response like how dogs wag their tails because they are excited."

The researchers then used different surfaces to see whether the tapping behavior changed when the frogs could see the prey but not feed on it. They placed the fruit flies in small, clear Petri dishes in the frogs' home and measured the rate of toe tapping. They found that the frogs had an average of 50 taps/minute when they couldn't access the flies compared to 166 taps/minute when they fed on free-moving flies.

"The idea was that if they're excited, we might see something different based on whether they can catch the flies," Fisher said. "These results suggested that since they kept trying to eat in both cases, the tapping was not just out of excitement."

The researchers wondered, then, whether the toe taps were a form of vibrational signaling where the frogs used it as a way to startle or distract the prey before they fed. They used four different surfaces to test this question: soil, leaf surfaces, gel, and glass.




"Soil and leaves are natural substances, but soil is not very responsive while leaves are. On the other hand, gels are responsive and glass is not, but they are both unnatural surfaces to frogs," Fischer said.

They found that while the tap rate differed depending on the surface, with leaves being the highest at 255 taps/minute and glass the lowest at 64 taps/minute, there was no difference in the total number of feeding attempts or success.

"Although we saw that the frogs ate in every context, it was exciting to see that they changed their behavior based on what they're standing on," Fischer said. "We were surprised, however, that we didn't see a difference in how successful they were at eating. It's possible that the experiment is like sending them to a buffet instead of what happens in the forest where the tapping may help in stirring the prey."

The researchers are now hoping to understand what other stimuli might trigger this behavior. "Although we've conclusively shown that it is important in feeding, it could also be important in other contexts. For example, we have seen that the frogs tap more when there are other frogs nearby, so there may be a social aspect to it," Fischer said.

They are also interested in studying the underlying biomechanical aspects of the muscles. "It would be cool to look at the anatomy and see how the muscles work," Fischer said. "Ultimately, we could ask whether all frogs can tap their toes if they have the right muscles or whether there's something special about the anatomy of poison frogs."
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Improved refrigeration could save nearly half of the 1.3 billion tons of food wasted each year globally | ScienceDaily
About a third of the food produced globally each year goes to waste, while approximately 800 million people suffer from hunger, according to the U.N.'s Food and Agriculture Organization.


						
A new University of Michigan study concludes that nearly half of the food waste, about 620 million metric tons, could be eliminated by fully refrigerated food supply chains worldwide.

At the same time, fully refrigerated supply chains, or "cold chains," could cut food waste-related emissions of climate-warming greenhouse gases by 41% globally, according to the study published online May 28 in the peer-reviewed journal Environmental Research Letters.

Sub-Saharan Africa and South and Southeast Asia have the greatest potential for reductions in both food losses and related emissions through increased cold-chain implementation, according to the study.

South and Southeast Asia could see a 45% reduction in food losses and a 54% decrease in associated emissions under an optimized refrigeration scenario. Sub-Saharan Africa has tremendous opportunities for both food loss (47%) and emissions (66%) reductions under optimized refrigeration conditions, the study shows.

And in many situations, developing more localized, less industrialized "farm-to-table" food supply chains may yield food savings comparable to optimized cold chains, according to the study.

"I was surprised to find the scale of our opportunity for reducing food loss and waste globally," said study lead author Aaron Friedman-Heiman, a master's student at U-M's School for Environment and Sustainability and Ross School of Business. "Approximately half of the roughly 1.3 billion tons of food that goes to waste annually can be solved through food supply-chain optimization."

The other author is Shelie Miller, a professor at U-M's School for Environment and Sustainability and at the College of Engineering.




Food losses produce an estimated 8% of human-caused greenhouse gas emissions. The new U-M study focuses on food losses in the post-harvest to retail stages of the food supply chain and does not address on-farm or at-home losses.

The study accounts for the greenhouse gases emitted during food production. It does not include emissions tied to refrigeration or other supply-chain operations and does not include emissions from food waste in landfills.

The study, funded in part by Carrier Global Corp., found that:
    	The greatest opportunity to improve food losses in less industrialized economies is the supply chain between the farm and the consumer. But in North America, Europe and other more industrialized regions, most food loss happens at the household level, so cold chain improvements would not have a major impact on total food losses.
    	Reinforcing previous research, the U-M study highlights the importance of meat-related food losses. While the amount of fruit and vegetable losses is much higher, by weight, throughout the world, the climate-related emissions associated with meat losses are consistently greater than those associated with any other food type -- due mainly to the high greenhouse gas intensity of meat production.
    	Unlike previous studies of this topic, the U-M researchers compared the benefits of globalized, technologically advanced food-supply chains with those of localized "farm-to-table" food systems. "Hyper-localized food systems resulted in lower food losses than optimized global, refrigerated supply chains," Friedman-Heiman said. "The results help quantify the value of maintaining and supporting local food chains."

For the study, the researchers built a food-loss estimation tool to assess how improved access to the cold chain could impact food loss and its associated greenhouse gas emissions for seven food types in seven regions. They used data from the U.N. Food and Agriculture Organization and other sources.

By modeling food losses at each stage of the supply chain, the study highlights where the cold chain can be optimized to reduce food losses and emissions. The researchers analyzed the effects of moving from the current state of inconsistent and variable-quality cold chains throughout the world to an optimized system, defined as one with high-quality refrigeration across all stages.

The study estimates that poor cold-chain infrastructure could be responsible for up to 620 million metric tons of global food loss annually, resulting in emissions of 1.8 billion tons of carbon dioxide equivalents, the equivalent of 28% of U.S. annual greenhouse gas emissions.




The researchers say their adaptable, easy-to-use tool will be of use to anyone involved in the food supply chain, including farmers, grocery retailers, government officials and nongovernmental organizations.

"Although cold chain infrastructure is rapidly increasing worldwide, an optimized cold chain will likely develop at different rates and in different ways across the globe," Miller said. "This analysis demonstrates that while increased refrigeration should lead to improvements in both food loss and greenhouse gas emissions associated with food loss, there are important tradeoffs associated with cold chain improvements by food type and region."

She said Investment decisions will need to be prioritized to maximize the desired outcomes and impacts. For example, if an NGO's top priority is ending hunger, then cold-chain upgrades that provide the greatest overall food-loss reductions may best meet that objective.

But organizations that prioritize climate action may choose to focus on reducing meat losses specifically, rather than total food losses.

The study found that meat accounts for more than 50% of food loss-related greenhouse gas emissions, despite accounting for less than 10% of global food losses by weight. Optimized refrigeration of meat could result in the elimination of more than 43% of emissions associated with meat loss, according to the study.

The researchers emphasize that the actual amount of greenhouse gas emissions savings will depend on the efficiency of cold-chain technologies and the carbon intensity of local electrical grids, since climate emissions associated with refrigeration can be significant.

The U-M study was supported by the U.S. National Science Foundation and by Carrier Global Corp., a global leader in intelligent climate and energy solutions.
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Genetic mosaicism more common than thought | ScienceDaily
In a study led by Jan Korbel at the European Molecular Biology Laboratory (EMBL) and Ashley Sanders at the Berlin Institute for Medical Systems Biology of the Max Delbruck Center (MDC-BIMSB), researchers have found that approximately one in 40 human bone marrow cells carry massive chromosomal alterations -- copy number variations and chromosomal rearrangements, for example -- without causing any apparent disease or abnormality. In addition, cell samples from people over the age of 60 tended to have higher numbers of cells with such genomic alterations, suggesting a previously unidentified mechanism that may contribute to ageing-related diseases. The study was published in the journal Nature Genetics.


						
"The study highlights that we are all mosaics," said Korbel, who is Senior Scientist in the Genome Biology Unit and Head of Data Science at EMBL Heidelberg. "Even so-called normal cells carry all sorts of genetic mutations. Ultimately, this means that there are more genetic differences between individual cells in our bodies than between different human beings."

Both Korbel and Sanders, Group Leader at the Max Delbruck Center study how genetic structural variation -- deletions, duplications, inversions, and translocations of large sections of the human genome -- contributes to the development of disease. In the cancer field, it is well known that genetic mutations can cause cells to grow out of control and lead to the formation of a tumour, explained Sanders. "We are applying similar concepts to understand how non-cancerous diseases develop," she added.

The discovery was enabled by a single-cell sequencing technology called Strand-seq, a unique DNA sequencing technique that can reveal subtle details of genomes in single cells that are too difficult to detect with other methods. Sanders is a pioneer in the development of this technology. As part of her doctoral research, she helped develop the Strand-seq protocol, which she later honed with colleagues while working as postdoctoral fellow in Korbel's lab.

Strand-seq enables researchers to detect structural variants in individual cells with better precision and resolution than any other sequencing technology allows, Sanders said. The technology has ushered in an entirely new understanding of genetic mutations and is now being widely used to characterise genomes and to help translate findings into clinical research.

"We are just recognising that contrary to what we learned in textbooks, every cell in our body doesn't have the exact same DNA," she said.

Genetic mosaicism is common

The study represents the first time anyone has used Strand-seq technology to study mutations in the DNA of healthy people. The researchers included biological samples from a range of age groups -- from newborn to 92-years-old -- and found mutations in blood stem cells, which are located in the bone marrow, in 84% of the study participants, indicating that large genetic mutations are very common.




"It's just amazing how much heterogeneity there is in our genomes that has gone undetected so far," said Sanders. "What this means in terms of how we define normal human ageing and how this can impact the types of diseases we get is really an important question for the field."

The study also found that in people over the age of 60, bone marrow cells carrying genetic alterations tended to be more abundant, with populations of specific genetic variants, or sub-clones, more common than others. The frequent presence of these sub-clones suggests a possible connection to ageing.

But whether the mechanisms that keep sub-clones from proliferating in check break down as we age, or whether the expansion of sub-clones itself contributes to diseases of ageing is not known, said Korbel. "In the future, our single cell studies should give us clearer insights into how these mutations that previously went unnoticed affect our health and potentially contribute to how we age."
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Researchers have located the brain network responsible for stuttering | ScienceDaily
An international research group led by researchers from the University of Turku and Turku University Hospital in Finland has succeeded in identifying the probable origin of stuttering in the brain.


						
Stuttering is a speech rhythm disorder characterised by involuntary repetitions, prolongations or pauses in speech that prevent typical speech production. Approximately 5-10% of young children stutter, and an estimated 1% continue to stutter into adulthood. A severe stutter can have a profound negative impact on the life of the individual affected.

"Stuttering was once considered a psychological disorder. However, with further research, it is now understood to be a brain disorder related to the regulation of speech production," says Professor of Neurology Juho Joutsa from the University of Turku.

Stuttering may also be acquired as a result of certain neurological diseases, such as Parkinson's disease or a stroke. However, the neurobiological mechanisms of stuttering are not yet fully understood, and where it originates in the brain remains uncertain. The findings from brain imaging studies are partly contradictory, and it is challenging to determine which changes are the root cause of stuttering and which are merely associated phenomena.

Stuttering localised in the same brain network regardless of its cause

Researchers from Finland, New Zealand, the United States and Canada developed a new research design that could provide a solution to this problem. The study included individuals who had suffered a stroke, some of whom developed a stutter immediately after it. The researchers discovered that although the strokes were located in different parts of the brain, they all localised to the same brain network, unlike the strokes that did not cause stuttering.

In addition to people who had suffered a stroke, the researchers used magnetic resonance imaging (MRI) to scan the brains of 20 individuals with developmental stuttering. In these individuals, the stuttering was associated with structural changes in the nodes of the brain network originally identified in relation to causal stroke lesions -- the greater the changes, the more severe the stuttering. This finding suggests that stuttering is caused by a common brain network, regardless of the aetiology (developmental or neurological).

The key nodes of the network identified by the researchers were putamen, amygdala and claustrum located deep within the brain, and the connections between them.

"These findings explain well-known features of stuttering, such as the motor difficulties in speech production and the significant variability in stuttering severity across emotional states. As major nuclei in the brain, the putamen regulates motor function and the amygdala regulates emotions. The claustrum, in turn, acts as a node for several brain networks and relays information between them," explains Joutsa.

The results of the study provide a unique insight into the neurobiological basis of stuttering. Locating stuttering in the brain opens up new possibilities for medical treatment. Researchers hope that in the future, stuttering could be effectively treated, for example, with brain stimulation that can be targeted specifically to the now identified brain network.
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How killifish embryos use suspended animation to survive over 8 months of drought | ScienceDaily
The African turquoise killifish lives in ephemeral ponds in Zimbabwe and Mozambique. To survive the annual dry season, the fish's embryos enter a state of extreme suspended animation or "diapause" for approximately 8 months. Now, researchers have uncovered the mechanisms that enabled the killifish to evolve this extreme survival state. They report May 30 in the journal Cell that although killifish evolved diapause less than 18 million years ago, they did so by co-opting ancient genes that originated more than 473 million years ago. Through comparative analysis, the team showed that similar specialized gene expression patterns are also employed by other animals -- including the house mouse -- during diapause.


						
"The whole program is like day and night -- there is life in the normal state and life in the diapause state, and the way this happened was by reshuffling or re-wiring the regulatory region of a whole set of genes," says senior author and molecular biologist Anne Brunet of Stanford University.

African turquoise killifish mature faster than any other vertebrate species, and adults live for only around 6 months, even in captivity. The fish reproduce rapidly before their watery homes disappear, but their embryos remain behind in the dry mud, ready to hatch when the next year's rains come. Embryonic diapause also occurs in other vertebrate species, including fish, reptiles, and some mammals, but killifish diapause is remarkably extreme because it lasts for such an extended period (8 months on average and up to 2 years in the lab) and because killifish embryos enter suspended animation much later in development than other animals.

"It's roughly in the middle of development, and many organs are already formed by that stage -- they have a developing brain and a heart which stops beating in diapause and then starts again," says first author Param Priya Singh of the University of California, San Francisco. "Killifish are the only vertebrate species that we know of that can undergo diapause so late in development."

To understand diapause evolution, the team first characterized the gene expression of the African turquoise killifish (Nothobranchius furzeri) during different developmental stages. They focused on duplicated copies of genes called "paralogs," because gene duplication is one of the primary mechanisms by which new genes originate and specialize. Overall, the researchers identified 6,247 paralog pairs that exhibited specialized gene expression patterns during diapause. Surprisingly, they estimated that most of the diapause-specialized genes were "very ancient" paralogs, having originated more than 473 million years ago.

"Even though diapause evolved relatively recently, the genes that are specialized in diapause are really ancient," said Brunet. "We found that most of the genes that specialize for diapause in killifish are very ancient paralogs, which means that they were duplicated in the common ancestor of all vertebrates."

Since diapause also occurs in some other species of killifish, the researchers compared gene expression between embryos of the African turquoise killifish, the South American killifish (Austrofundulus limnaeus), which also undergoes diapause, and two killifish species that do not undergo diapause, the red-striped killifish (Aphyosemion striatum)and lyretail killifish (Aphyosemion austral).




They found significant overlap in gene expression patterns between the African turquoise and South American killifish, which evolved diapause independently of each other, but not in the two non-diapausing species. Likewise, the researchers found significant correlation in the gene expression patterns of house mouse (Mus musculus) embryos during diapause and showed that diapause-specialized genes in mice also have very ancient origins.

"This suggests that the same mechanisms that enable diapause have been repeatedly co-opted for the evolution of diapause across distantly related species," says Singh.

Next, the researchers explored how these diapause-specialized genes are regulated in the killifish. They identified several key transcription factors that control the altered gene expression patterns seen during diapause, including REST and FOXO3, which are known to be expressed during hibernation (a different form of suspended animation) in mammals. Notably, several of these regulatory genes are involved in lipid metabolism, which has a distinctive profile during diapause.

"One of the key elements of diapause is this special lipid metabolism," said Brunet. "During diapause, they seem to have much higher levels of triglycerides and very long chain fatty acids, which are forms of storage and also perhaps aid with long-term protection of the organism's membranes."

The researchers plan to continue investigating how different species regulate diapause and to dig deeper into the role of lipid metabolism during diapause and other types of suspended animation.

"It's such a complex state that I think we are just scratching the surface," said Singh. "We want to go deeper into specific aspects of how lipid metabolism is regulated during diapause, and we are also interested in examining the role of specific cell types during diapause."
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Simple food swaps could cut greenhouse gas emissions from household groceries by a quarter | ScienceDaily
Switching food and drink purchases to very similar but more environmentally friendly alternatives could reduce the greenhouse gas emissions from household groceries by more than a quarter (26%), according to a new Australian study from The George Institute for Global Health and Imperial College London published today in Nature Food.


						
Making bigger changes -- like swapping a frozen meat lasagne for the vegetarian option -- could push the reduction to as much as 71%.

To make this happen will require on-pack labelling of greenhouse gas emissions for every packaged food product so that consumers can make informed choices.

This is the most detailed analysis ever conducted on the environmental impacts of a country's food purchasing behaviour, involving comprehensive data on greenhouse gas emissions and sales for tens of thousands of supermarket products, typical of the Western diet of many countries globally.

Lead author and epidemiologist Dr Allison Gaines, who conducted the analysis for The George Institute and Imperial College London, said, "Dietary habits need to change significantly if we are to meet global emissions targets, particularly in high-income countries like Australia, the UK, and US.

"But while consumers are increasingly aware of the environmental impact of the food system and willing to make more sustainable food choices, they lack reliable information to identify the more environmentally friendly options."

Researchers calculated the projected emissions of annual grocery purchases from 7,000 Australian households using information on ingredients, weights and production life cycles in The George Institute's FoodSwitch database and global environmental impact datasets. More than 22,000 products were assigned to major, minor and sub-categories of foods (e.g. 'bread and bakery', 'bread' and 'white bread', respectively) to quantify emissions saved by switching both within and between groups.




Making switches within the same sub-categories of foods could lead to emission reductions of 26% in Australia, equivalent to taking over 1.9 million cars off the road.2 Switches within minor categories of foods could lead to even bigger emission reductions of 71%.

"The results of our study show the potential to significantly reduce our environmental impact by switching like-for-like products. This is also something consumers in the UK could, and would probably like, to do if we put emissions information onto product labels," said Dr Gaines.

Dr Gaines added that the switches would not compromise food healthiness overall: "We showed that you can switch to lower emissions products while still enjoying nutritious foods. In fact, we found it would lead to a slight reduction in the proportion of ultra-processed foods purchased, which is a positive outcome because they're generally less healthy," she said.

The purchase analysis also showed that meat products contributed almost half (49%) of all greenhouse gas emissions, but only 11% of total purchases.Conversely, fruit, vegetables, nuts and legumes represented one quarter (25%) of all purchases, but were responsible for just 5% of emissions.

It is estimated that around one-third of global greenhouse gas emissions are attributable to the food and agriculture sector, and the combined health and environmental costs of the global food system are estimated to be 10-14 trillion USD (8-11 trillion GBP) per year.3,4,5 More than 12 million deaths per year could be prevented if the system transitioned to deliver healthy, low-emission diets.3

Prof Bruce Neal, Executive Director at The George Institute Australia and Professor of Clinical Epidemiology at Imperial College London, said that as a global community, we are taking too long to improve the sustainability of the food system, endangering the prospect of a net-zero future.




"There is currently no standardised framework for regulating the climate or planetary health parameters of our food supply, and voluntary measures have not been widely adopted by most countries. This research shows how innovative ways of approaching the problem could enable consumers to make a real impact," he said.

"With this in mind, we have developed a free app called ecoSwitch, currently available in Australia, which is based on this research. Shoppers can use their device to scan a product barcode and check its 'Planetary Health Rating', a measure of its emissions shown as a score between half a star (high emissions) to five stars (low emissions)."

The George Institute plans to extend the ecoSwitch algorithm to integrate other environmental indicators such as land and water use, and biodiversity, and to introduce the tool to other countries.

"While ecoSwitch is a much-needed first step in providing environmental transparency for grocery shoppers, the vision is for mandatory display of a single, standardised sustainability rating system on all supermarket products," concluded Prof Neal.
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Florida fossil porcupine solves a prickly dilemma 10-million years in the making | ScienceDaily
There's a longstanding debate simmering among biologists who study porcupines. There are 16 porcupine species in Central and South America, but only one in the United States and Canada. DNA evidence suggests North America's sole porcupine belongs to a group that originated 10 million years ago, but fossils seem to tell a different story. Some paleontologists think they may have evolved just 2.5 million years ago, at the beginning of the ice ages.


						
A new study published in the journal Current Biology claims to have reconciled the dispute, thanks to an exceptionally rare, nearly complete porcupine skeleton discovered in Florida. The authors reached their conclusion by studying key differences in bone structure between North and South American porcupines, but getting there wasn't easy. It took an entire class of graduate and undergraduate students and several years of careful preparation and study.

"Even for a seasoned curator with all the necessary expertise, it takes an incredible amount of time to fully study and process an entire skeleton," said lead author Natasha Vitek. While studying as a doctoral student at the Florida Museum of Natural History, Vitek teamed up with vertebrate paleontology curator Jonathan Bloch to create a college course in which students got hands-on research experience by studying porcupine fossils.

Ancient radiation gave rise to world's largest rodents

Porcupines are a type of rodent, and their ancestors likely originated in Africa more than 30 million years ago. Their descendants have since wandered into Asia and parts of Europe by land, but their journey to South America is a particularly defining event in the history of mammals. They crossed the Atlantic Ocean -- likely by rafting -- when Africa and South America were much closer together than they are today. They were the first rodents to ever set foot on the continent, where they evolved into well-known groups like guinea pigs, chinchillas, capybaras and porcupines.

Some took on giant proportions. There were lumbering, rat-like animals up to five feet long, equipped with a tiny brain that weighed less than a plum. Extinct relatives of the capybara grew to the size of cows.

Porcupines remained relatively small and evolved adaptations for life in the treetops of South America's lush rainforests. Today, they travel through the canopy with the aid of long fingers capped with blunt, sickle-shaped claws perfectly angled for gripping branches. Many also have long, prehensile tails capable of bearing their weight, which they use while climbing and reaching for fruit.




Despite their excellent track record of getting around, South America was a dead end for many millions of years. A vast seaway with swift currents separated North and South America, and most animals were unable to cross -- with a few notable exceptions.

Beginning about 5 million years ago, the Isthmus of Panama rose above sea level, cutting off the Pacific from the Atlantic. This land bridge became the ancient equivalent of a congested highway a few million years later, with traffic flowing in both directions.

Prehistoric elephants, saber-toothed cats, jaguars, llamas, peccaries, deer, skunks and bears streamed from North America to South. The reverse trek was made by four different kinds of ground sloths, oversized armadillos, terror birds, capybaras and even a marsupial.

The two groups met with radically different fates. Those mammals migrating south did fairly well; many became successfully established in their new tropical environments and survived to the present. But nearly all lineages that ventured north into colder environments have gone extinct. Today, there are only three survivors: the nine-banded armadillo, the Virginia opossum and the North American porcupine.

New fossils catch evolution in the act

Animals that traveled north had to contend with new environments that bore little resemblance to the ones they left behind. Warm, tropical forests gave way to open grasslands, deserts and cold deciduous forests. For porcupines, this meant coping with brutal winters, fewer resources and coming down from the trees to walk on land. They still haven't quite gotten the hang of the latter; North American porcupines have a maximum ground speed of about 2 mph.




South American porcupines are equipped with a menacing coat of hollow, overlapping quills, which offer a substantial amount of protection but do little to regulate body temperature. North American porcupines replaced these with a mix of insulating fur and long, needle-like quills that can be raised when they feel threatened. They also had to modify their diet, which changed the shape of their jaw.

"In winter, when their favorite foods are not around, they will bite into tree bark to get at the softer tissue underneath. It's not great food, but it's better than nothing," Vitek said. "We think this type of feeding selected for a particular jaw structure that makes them better at grinding."

They also lost their prehensile tails. Although North American porcupines still like climbing, it's not their forte. Museum specimens often show evidence of healed bone fractures, likely caused by falling from trees.

Many of these traits can be observed in fossils. The problem is there aren't many fossils to go around. According to Vitek, most are either individual teeth or jaw fragments, and researchers often lump them in with South American porcupines. Those that are considered to belong to the North American group lack the critical features that would provide paleontologists with clues to how they evolved.

So when Florida Museum paleontologist Art Poyer found an exquisitely preserved porcupine skeleton in a Florida limestone quarry, they were well aware of its significance.

"When they first brought it in, I was amazed," said Bloch, senior author of the study. "It is so rare to get fossil skeletons like this with not only a skull and jaws, but many associated bones from the rest of the body. It allows for a much more complete picture of how this extinct mammal would have interacted with its environment. Right away we noticed that it was different from modern North American porcupines in having a specialized tail for grasping branches."

By comparing the fossil skeleton with bones from modern porcupines, Bloch and Vitek were confident they could determine its identity. But the amount of work this would require was more than one person could do on their own in a short amount of time. So they co-created a paleontology college course, in which the only assignment for the entire semester was studying porcupine bones.

"It's the kind of thing that could only be taught at a place like the Florida Museum, where you have both collections and enough students to study them," Vitek said. "We focused on details of the jaw, limbs, feet and tails. It required a very detailed series of comparisons that you might not even notice on the first pass."

The results were surprising. The fossil lacked the reinforced bark-gnawing jaws and possessed a prehensile tail, making it appear more closely related to South American porcupines. But, Vitek said, other traits bore a stronger similarity to North American porcupines, including the shape of the middle ear bone as well as the shapes of the lower front and back teeth.

With all the data combined, analyses consistently provided the same answer. The fossils belonged to an extinct species of North American porcupine, meaning this group has a long history that likely began before the Isthmus of Panama had formed. But questions remain as to how many species once existed in this group or why they went extinct.

"One thing that isn't resolved by our study is whether these extinct species are direct ancestors of the North American porcupine that is alive today," Vitek said. "It's also possible porcupines got into temperate regions twice, once along the Gulf Coast and once out west. We're not there yet."

Jennifer Hoeflich, Isaac Magallanes, Sean Moran, Rachel Narducci, Victor Perez, Jeanette Pirlo, Mitchell Riegler, Molly Selba, Maria Vallejo-Pareja, Michael Ziegler, Michael Granatosky and Richard Hulbert of the Florida Museum of Natural History are also authors on the paper.
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Charge your laptop in a minute or your EV in 10? Supercapacitors can help | ScienceDaily
Imagine if your dead laptop or phone could charge in a minute or if an electric car could be fully powered in 10 minutes.


						
While not possible yet, new research by a team of CU Boulder scientists could potentially lead to such advances.

Published today in the Proceedings of the National Academy of Sciences, researchers in Ankur Gupta's lab discovered how tiny charged particles, called ions, move within a complex network of minuscule pores. The breakthrough could lead to the development of more efficient energy storage devices, such as supercapacitors, said Gupta, an assistant professor of chemical and biological engineering.

"Given the critical role of energy in the future of the planet, I felt inspired to apply my chemical engineering knowledge to advancing energy storage devices," Gupta said. "It felt like the topic was somewhat underexplored and as such, the perfect opportunity."

Gupta explained that several chemical engineering techniques are used to study flow in porous materials such as oil reservoirs and water filtration, but they have not been fully utilized in some energy storage systems.

The discovery is significant not only for storing energy in vehicles and electronic devices but also for power grids, where fluctuating energy demand requires efficient storage to avoid waste during periods of low demand and to ensure rapid supply during high demand.

Supercapacitors, energy storage devices that rely on ion accumulation in their pores, have rapid charging times and longer life spans compared to batteries.




"The primary appeal of supercapacitors lies in their speed," Gupta said. "So how can we make their charging and release of energy faster? By the more efficient movement of ions."

Their findings modify Kirchhoff's law, which has governed current flow in electrical circuits since 1845 and is a staple in high school students' science classes. Unlike electrons, ions move due to both electric fields and diffusion, and the researchers determined that their movements at pore intersections are different from what was described in Kirchhoff's law.

Prior to the study, ion movements were only described in the literature in one straight pore. Through this research, ion movement in a complex network of thousands of interconnected pores can be simulated and predicted in a few minutes.

"That's the leap of the work," Gupta said. "We found the missing link."
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AI headphones let wearer listen to a single person in a crowd, by looking at them just once | ScienceDaily
Noise-canceling headphones have gotten very good at creating an auditory blank slate. But allowing certain sounds from a wearer's environment through the erasure still challenges researchers. The latest edition of Apple's AirPods Pro, for instance, automatically adjusts sound levels for wearers -- sensing when they're in conversation, for instance -- but the user has little control over whom to listen to or when this happens.


						
A University of Washington team has developed an artificial intelligence system that lets a user wearing headphones look at a person speaking for three to five seconds to "enroll" them. The system, called "Target Speech Hearing," then cancels all other sounds in the environment and plays just the enrolled speaker's voice in real time even as the listener moves around in noisy places and no longer faces the speaker.

The team presented its findings May 14 in Honolulu at the ACM CHI Conference on Human Factors in Computing Systems. The code for the proof-of-concept device is available for others to build on. The system is not commercially available.

"We tend to think of AI now as web-based chatbots that answer questions," said senior author Shyam Gollakota, a UW professor in the Paul G. Allen School of Computer Science & Engineering. "But in this project, we develop AI to modify the auditory perception of anyone wearing headphones, given their preferences. With our devices you can now hear a single speaker clearly even if you are in a noisy environment with lots of other people talking."

To use the system, a person wearing off-the-shelf headphones fitted with microphones taps a button while directing their head at someone talking. The sound waves from that speaker's voice then should reach the microphones on both sides of the headset simultaneously; there's a 16-degree margin of error. The headphones send that signal to an on-board embedded computer, where the team's machine learning software learns the desired speaker's vocal patterns. The system latches onto that speaker's voice and continues to play it back to the listener, even as the pair moves around. The system's ability to focus on the enrolled voice improves as the speaker keeps talking, giving the system more training data.

The team tested its system on 21 subjects, who rated the clarity of the enrolled speaker's voice nearly twice as high as the unfiltered audio on average.

This work builds on the team's previous "semantic hearing" research, which allowed users to select specific sound classes -- such as birds or voices -- that they wanted to hear and canceled other sounds in the environment.

Currently the TSH system can enroll only one speaker at a time, and it's only able to enroll a speaker when there is not another loud voice coming from the same direction as the target speaker's voice. If a user isn't happy with the sound quality, they can run another enrollment on the speaker to improve the clarity.

The team is working to expand the system to earbuds and hearing aids in the future.

Additional co-authors on the paper were Bandhav Veluri, Malek Itani and Tuochao Chen, UW doctoral students in the Allen School, and Takuya Yoshioka, director of research at AssemblyAI. This research was funded by a Moore Inventor Fellow award, a Thomas J. Cabel Endowed Professorship and a UW CoMotion Innovation Gap Fund.
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Entomologist sheds light on 250-year-old mystery of the German cockroach | ScienceDaily
A team of international scientists, including Virginia Tech entomologist Warren Booth, have solved the 250-year-old origin puzzle of the most prevalent indoor urban pest insect on the planet: the German cockroach.


						
The team's research findings, representing the genomic analyses of over 280 specimens from 17 countries and six continents, show that this species evolved some 2,100 years ago from an outside species in Asia and were released this week in the Proceedings of the National Academy of Sciences journal.

One may think by its name that its origins are in Germany. But it is not native to any wilderness in that country. In fact, it doesn't seem to have any home in the wild anywhere in the world. To date, populations have never been found outside of structures.

Following its evolution, the German cockroach spread from Southeast Asia, hitchhiking around the world in association with humans. In addition to rapid spread, it evolved a resistance to a variety of insecticides, making it extremely difficult to control using over-the-counter products.

According to Booth, the German cockroach is a major public health issue due to its links to disease spread, the contamination of food, and its role in triggering asthma and allergies.

About Booth

Warren Booth is an associate professor of urban entomology in the Department of Entomology in the College of Agriculture and Life Sciences. He is also an affiliated faculty of the Fralin Life Sciences Institute at Virginia Tech.

His research interests include:
    	Population and evolutionary genomics of indoor urban pest insects
    	Insecticide resistance evolution
    	Influence of socioeconomic disparity on urban pest population dynamics
    	Mitochondrial heteroplasmy and recombination
    	Invasion biology and ecology
    	Urban pest management
    	Urban evolutionary biology/genomics
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Theory and experiment combine to shine a new light on proton spin | ScienceDaily
Nuclear physicists have long been working to reveal how the proton gets its spin. Now, a new method that combines experimental data with state-of-the-art calculations has revealed a more detailed picture of spin contributions from the very glue that holds protons together. It also paves the way toward imaging the proton's 3D structure.


						
The work was led by Joseph Karpie, a postdoctoral associate in the Center for Theoretical and Computational Physics (Theory Center) at the U.S. Department of Energy's Thomas Jefferson National Accelerator Facility.

He said that this decades-old mystery began with measurements of the sources of the proton's spin in 1987. Physicists originally thought that the proton's building blocks, its quarks, would be the main source of the proton's spin. But that's not what they found. It turned out that the proton's quarks only provide about 30% of the proton's total measured spin. The rest comes from two other sources that have so far proven more difficult to measure.

One is the mysterious but powerful strong force. The strong force is one of the four fundamental forces in the universe. It's what "glues" quarks together to make up other subatomic particles, such as protons or neutrons. Manifestations of this strong force are called gluons, which are thought to contribute to the proton's spin. The last bit of spin is thought to come from the movements of the proton's quarks and gluons.

"This paper is sort of a bringing together of two groups in the Theory Center who have been working toward trying to understand the same bit of physics, which is how do the gluons that are inside of it contribute to how much the proton is spinning around," he said.

He said this study was inspired by a puzzling result that came from initial experimental measurements of the gluons' spin. The measurements were made at the Relativistic Heavy Ion Collider, a DOE Office of Science user facility based at Brookhaven National Laboratory in New York. The data at first seemed to indicate that the gluons may be contributing to the proton's spin. They showed a positive result.

But as the data analysis was improved, a further possibility appeared.




"When they improved their analysis, they started to get two sets of results that seemed quite different, one was positive and the other was negative," Karpie explained.

While the earlier positive result indicated that the gluons' spins are aligned with that of the proton, the improved analysis allowed for the possibility that the gluons' spins have an overall negative contribution. In that case, more of the proton spin would come from the movement of the quarks and gluons, or from the spin of the quarks themselves.

This puzzling result was published by the Jefferson Lab Angular Momentum (JAM) collaboration.

Meanwhile, the HadStruc collaboration had been addressing the same measurements in a different way. They were using supercomputers to calculate the underlying theory that describes the interactions among quarks and gluons in the proton, Quantum Chromodynamics (QCD).

To equip supercomputers to make this intense calculation, theorists somewhat simplify some aspects of the theory. This somewhat simplified version for computers is called lattice QCD.

Karpie led the work to bring together the data from both groups. He started with the combined data from experiments taken in facilities around the world. He then added the results from the lattice QCD calculation into his analysis.




"This is putting everything together that we know about quark and gluon spin and how gluons contribute to the spin of the proton in one dimension," said David Richards, a Jefferson Lab senior staff scientist who worked on the study.

"When we did, we saw that the negative things didn't go away, but they changed dramatically. That meant that there's something funny going on with those," Karpie said.

Karpie is lead author on the study that was recently published in Physical Review D. He said the main takeaway is that combining the data from both approaches provided a more informed result.

"We're combining both of our datasets together and getting a better result out than either of us could get independently. It's really showing that we learn a lot more by combining lattice QCD and experiment together in one problem analysis," said Karpie. "This is the first step, and we hope to keep doing this with more and more observables as well as we make more lattice data."

The next step is to further improve the datasets. As more powerful experiments provide more detailed information on the proton, these data begin painting a picture that goes beyond one dimension. And as theorists learn how to improve their calculations on ever-more powerful supercomputers, their solutions also become more precise and inclusive.

The goal is to eventually produce a three-dimensional understanding of the proton's structure.

"So, we learn our tools do work on the simpler one-dimension scenario. By testing our methods now, we hopefully will know what we need to do when we want to move up to do 3D structure," Richards said. "This work will contribute to this 3D image of what a proton should look like. So it's all about building our way up to the heart of the problem by doing this easier stuff now."
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Caterpillars can detect their predators by the static electricity they emit | ScienceDaily
Caterpillars respond defensively to electric fields similar to those emitted by their natural predators, scientists at the University of Bristol have found.


						
In the study, published today in the journal PNAS, experts showed that caterpillar hairs move in response to electric fields and are most sensitive to the frequencies that correspond to the wingbeats frequencies of other insects, indicating that their hairs could be tuned to pick up the electrical cues of their predators.

Thesefindings are the first example of static electricity being used as a sensory cue in a predator-prey interaction.

Lead author Dr Sam England explained: "We knew that many animals naturally accumulate static electricity on their bodies as they move around their environment, and that static electricity can push and pull on other charged objects.

"In particular, we knew that the hairs of insects can be moved around by the electric field emitted from statically charged objects, in the same way that a charged-up balloon can move the hair around on your head.

"This made us wonder, what if a prey animal, like a caterpillar, could detect its predators by feeling the electric field coming off of them? Would the static charge of a predator, like a wasp, push and pull on the sensory hairs of a caterpillar enough to inform the caterpillar of the wasp's approach?"

The team measured how much static charge wasps and caterpillars carry by having them pass through a static charge sensor. They then inputted these charge values into computational models to mathematically predict how strong the electric field would be when a wasp approaches a caterpillar on a plant. When the caterpillars responded defensively to these conditions, there were able to use a laser to detect tiny vibrations to investigate whether it was the sensory hairs that were detecting the electricity, by measuring how much they move in response to different frequencies of electric field.




The results of the study are concerning because they show that caterpillars are also sensitive to the frequencies of electric field emitted by powerlines and other electronic equipment. This means that humans may be hindering the ability of animals to detect their predators by filling the environment with electrical 'noise'.

Dr England continued: "I would say it feels quite urgent now to assess whether we are hampering the ability of caterpillars and other animals to detect their predators by introducing a new type of sensory pollution -- electrical noise."

Predator-prey interactions are a matter of life and death and as such they are one of the main drivers of evolution in animals. Almost all animals on land appear to accumulate static charge meaning this static electric sense may be widespread, and the discovery that static electricity plays a role in these ecological interactions stands to open up entirely new dimensions to our understanding of how animals sense each other, and more generally how and why they evolve in certain ways.

Dr England added: "Our study shows that it is possible for terrestrial animals to use static electricity as a predator detection cue.

"This is very likely a widespread ability, especially amongst insects and other small animals like spiders and scorpions.

"This study presents the first example of an animal detecting its predators by sensing the static electricity being emitted by the predator. This unveils a new dimension to predator-prey interactions on land, but also hints at a previously unnoticed way in which we might be negatively impacting wildlife -- by introducing sources of electrical sensory pollution."
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Imperceptible sensors made from 'electronic spider silk' can be printed directly on human skin | ScienceDaily
Researchers have developed a method to make adaptive and eco-friendly sensors that can be directly and imperceptibly printed onto a wide range of biological surfaces, whether that's a finger or a flower petal.


						
The method, developed by researchers from the University of Cambridge, takes its inspiration from spider silk, which can conform and stick to a range of surfaces. These 'spider silks' also incorporate bioelectronics, so that different sensing capabilities can be added to the 'web'.

The fibres, at least 50 times smaller than a human hair, are so lightweight that the researchers printed them directly onto the fluffy seedhead of a dandelion without collapsing its structure. When printed on human skin, the fibre sensors conform to the skin and expose the sweat pores, so the wearer doesn't detect their presence. Tests of the fibres printed onto a human finger suggest they could be used as continuous health monitors.

This low-waste and low-emission method for augmenting living structures could be used in a range of fields, from healthcare and virtual reality, to electronic textiles and environmental monitoring. The results are reported in the journal Nature Electronics.

Although human skin is remarkably sensitive, augmenting it with electronic sensors could fundamentally change how we interact with the world around us. For example, sensors printed directly onto the skin could be used for continuous health monitoring, for understanding skin sensations, or could improve the sensation of 'reality' in gaming or virtual reality application.

While wearable technologies with embedded sensors, such as smartwatches, are widely available, these devices can be uncomfortable, obtrusive and can inhibit the skin's intrinsic sensations.

"If you want to accurately sense anything on a biological surface like skin or a leaf, the interface between the device and the surface is vital," said Professor Yan Yan Shery Huang from Cambridge's Department of Engineering, who led the research. "We also want bioelectronics that are completely imperceptible to the user, so they don't in any way interfere with how the user interacts with the world, and we want them to be sustainable and low waste."

There are multiple methods for making wearable sensors, but these all have drawbacks. Flexible electronics, for example, are normally printed on plastic films that don't allow gas or moisture to pass through, so it would be like wrapping your skin in cling film. Other researchers have recently developed flexible electronics that are gas-permeable, like artificial skins, but these still interfere with normal sensation, and rely on energy- and waste-intensive manufacturing techniques.




3D printing is another potential route for bioelectronics since it is less wasteful than other production methods, but leads to thicker devices that can interfere with normal behaviour. Spinning electronic fibres results in devices that are imperceptible to the user, but without a high degree of sensitivity or sophistication, and they're difficult to transfer onto the object in question.

Now, the Cambridge-led team has developed a new way of making high-performance bioelectronics that can be customised to a wide range of biological surfaces, from a fingertip to the fluffy seedhead of a dandelion, by printing them directly onto that surface. Their technique takes its inspiration in part from spiders, who create sophisticated and strong web structures adapted to their environment, using minimal material.

The researchers spun their bioelectronic 'spider silk' from PEDOT:PSS (a biocompatible conducting polymer), hyaluronic acid and polyethylene oxide. The high-performance fibres were produced from water-based solution at room temperature, which enabled the researchers to control the 'spinnability' of the fibres. The researchers then designed an orbital spinning approach to allow the fibres to morph to living surfaces, even down to microstructures such as fingerprints.

Tests of the bioelectronic fibres, on surfaces including human fingers and dandelion seedheads, showed that they provided high-quality sensor performance while remaining imperceptible to the host.

"Our spinning approach allows the bioelectronic fibres to follow the anatomy of different shapes, at both the micro and macro scale, without the need for any image recognition," said Andy Wang, the first author of the paper. "It opens up a whole different angle in terms of how sustainable electronics and sensors can be made. It's a much easier way to produce large area sensors."

Most high-resolution sensors are made in an industrial cleanroom and require toxic chemicals in a multi-step and energy-intensive fabrication process. The Cambridge-developed sensors can be made anywhere and use a tiny fraction of the energy that regular sensors require.




The bioelectronic fibres, which are repairable, can be simply washed away when they have reached the end of their useful lifetime, and generate less than a single milligram of waste: by comparison, a typical single load of laundry produces between 600 and 1500 milligrams of fibre waste.

"Using our simple fabrication technique, we can put sensors almost anywhere and repair them where and when they need it, without needing a big printing machine or a centralised manufacturing facility," said Huang. "These sensors can be made on-demand, right where they're needed, and produce minimal waste and emissions."

The researchers say their devices could be used in applications from health monitoring and virtual reality, to precision agriculture and environmental monitoring. In future, other functional materials could be incorporated into this fibre printing method, to build integrated fibre sensors for augmenting the living systems with display, computation, and energy conversion functions. The research is being commercialised with the support of Cambridge Enterprise, the University's commercialisation arm.

The research was supported in part by the European Research Council, Wellcome, the Royal Society, and the Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI).
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Breakthrough discovery uses engineered surfaces to shed heat | ScienceDaily
Splash a few drops of water on a hot pan and if the pan is hot enough, the water will sizzle and the droplets of water seem to roll and float, hovering above the surface.


						
The temperature at which this phenomenon, called the Leidenfrost effect, occurs is predictable, usually happening above 230 degrees Celsius. The team of Jiangtao Cheng, associate professor in the Virginia Tech Department of Mechanical Engineering, has discovered a method to create the aquatic levitation at a much lower temperature, and the results have been published in Nature Physics. Alongside first author and Ph.D. student Wenge Huang, Cheng's team collaborated with Oak Ridge National Lab and Dalian University of Technology for sections of the research.

The discovery has great potential in heat transfer applications such as the cooling of industrial machines and surface fouling cleaning for heat exchangers. It also could help prevent damage and even disaster to nuclear machinery.

Currently, there are more than 90 licensed operable nuclear reactors in the U.S. that power tens of millions of homes, anchor local communities, and actually account for half of the country's clean energy electricity production. It requires resources to stabilize and cool those reactors, and heat transfer is crucial for normal operations.

The physics of hovering water

For three centuries, the Leidenfrost effect has been a well-known phenomenon among physicists that establishes the temperature at which water droplets hover on a bed of their own vapor. While it has been widely documented to start at 230 degrees Celsius, Cheng and his team have pushed that limit much lower.

The effect occurs because there are two different states of water living together. If we could see the water at the droplet level, we would observe that all of a droplet doesn't boil at the surface, only part of it. The heat vaporizes the bottom, but the energy doesn't travel through the entire droplet. The liquid portion above the vapor is receiving less energy because much of it is used to boil the bottom. That liquid portion remains intact, and this is what we see floating on its own layer of vapor. This has been referred to since its discover in the 18th century as the Leidenfrost effect, named for German physician Johann Gottlob Leidenfrost.




That hot temperature is well above the 100 degree Celsius boiling point of water because the heat must be high enough to instantly form a vapor layer. Too low, and the droplets don't hover. Too high, and the heat will vaporize the entire droplet.

New work at the surface

The traditional measurement of the Leidenfrost effect assumes that the heated surface is flat, which causes the heat to hit the water droplets uniformly. Working in the Virginia Tech Fluid Physics Lab, Cheng's team has found a way to lower the starting point of the effect by producing a surface covered with micropillars.

"Like the papillae on a lotus leaf, micropillars do more than decorate the surface, said Cheng. "They give the surface new properties."

The micropillars designed by Cheng's team are 0.08 millimeters tall, roughly the same as the width of a human hair. They are arranged in a regular pattern of 0.12 millimeters apart. A droplet of water encompasses 100 or more of them. These tiny pillars press into a water droplet, releasing heat into the interior of the droplet and making it boil more quickly.

Compared to the traditional view that the Leidenfrost effect triggers at 230 degrees Celsius, the fin-array-like micropillars press more heat into the water than a flat surface. This causes microdroplets to levitate and jump off the surface within milliseconds at lower temperatures because the speed of boiling can be controlled by changing the height of the pillars.




Lowering the limits of Leidenfrost

When the textured surface was heated, the team discovered that the temperature at which the floating effect was achieved was significantly lower than that of a flat surface, starting at 130 degrees Celsius.

Not only is this a novel discovery for the understanding of the Leidenfrost effect, it is a twist on the limits previously imagined. A 2021 study from Emory University found that the properties of water actually caused the Leidenfrost effect to fail when the temperature of the heated surface lowers to 140 degrees. Using the micropillars created by Cheng's team, the effect is sustainable even 10 degrees below that.

"We thought the micropillars would change the behaviors of this well-known phenomenon, but our results defied even our own imaginations," said Cheng. "The observed bubble-droplet interactions are a big discovery for boiling heat transfer."

The Leidenfrost effect is more than an intriguing phenomenon to watch, it is also a critical point in heat transfer. When water boils, it is most efficiently removing heat from a surface. In applications such as machine cooling, this means that adapting a hot surface to the textured approach presented by Cheng's team gets heat out more quickly, lowering the possibility of damages caused when a machine gets too hot.

"Our research can prevent disasters such as vapor explosions, which pose significant threats to industrial heat transfer equipment," said Huang. "Vapor explosions occur when vapor bubbles within a liquid rapidly expand due to the present of intense heat source nearby. One example of where this risk is particularly pertinent is in nuclear plants, where the surface structure of heat exchangers can influence vapor bubble growth and potentially trigger such explosions. Through our theoretical exploration in the paper, we investigate how surface structure affects the growth mode of vapor bubbles, providing valuable insights into controlling and mitigating the risk of vapor explosions."

Another challenge addressed by the team is the impurities fluids leave behind in the textures of rough surfaces, posing challenges for self-cleaning. Under spray cleaning or rinsing conditions, neither conventional Leidenfrost nor cold droplets at room temperature can fully eliminate deposited particulates from surface roughness. Using Cheng's strategy, the generation of vapor bubbles is able to dislodge those particles from surface roughness and suspend them in the droplet. This means that the boiling bubbles can both move heat and impurities away from the surface.
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Innovative material for sustainable building | ScienceDaily
Maximizing natural light in buildings is popular and can save on energy costs. However, traditional glass roofs and walls also present problems such as glare, lack of privacy, and overheating. Alternative solutions, such as coatings and light-diffusing materials, have not yet provided a comprehensive remedy.


						
New Material Combines Multiple Functions

Researchers at the Institute for Microstructure Technology (IMT) and the Light Technology Institute (LTI) at KIT have now developed a novel polymer-based metamaterial that combines various properties and could replace glass components in construction in the future. This Polymer-based Micro-Photonic Multi-Functional Metamaterial (PMMM) consists of microscopic pyramids made of silicone. These micro-pyramids measure about ten micrometers, which is about one-tenth the diameter of a hair. This design gives the PMMM film several functions: light diffusion, self-cleaning, and radiative cooling while maintaining a high level of transparency. "A key feature is the ability to efficiently radiate heat through the Earth's atmosphere's long-wave infrared transmission window, releasing heat into the cold expanse of the universe. This allows for passive radiative cooling without electricity consumption," explains Bryce S. Richards, Professor at IMT and LTI.

Cooling, Light-Transmissive, and Glare-Free

In the lab and in experiments under open skies under real outdoor conditions, the researchers tested the material's properties and measured its light transmittance, light scattering, reflection properties, self-cleaning ability, and cooling performance using modern spectrophotometry. The results: The tests achieved cooling of 6 degC compared to the ambient temperature. Additionally, the material showed a high spectral transmittance, or transparency, of 95 percent. In comparison, glass typically has a transparency of 91 percent. At the same time, the micro-pyramid structure scatters 73 percent of the incoming sunlight, resulting in a blurry appearance. "When the material is used in roofs and walls, it allows for bright yet glare-free and privacy-protected indoor spaces for work and living. In greenhouses, the high light transmittance could increase yields because the photosynthesis efficiency is estimated to be nine percent higher than in greenhouses with glass roofs," says RichardsGan Huang, a Group Leader at IMT. The micro-pyramids also give the PMMM film superhydrophobic properties, similar to a lotus leaf: water beads up in droplets and removes dirt and dust from the surface. This self-cleaning function makes the material easy to maintain and durable.

Potential for Construction and Urban Development

"Our newly developed material has the potential to be used in various areas and makes a significant contribution to sustainable and energy-efficient architecture," explains Richards. "The material can simultaneously optimize the use of sunlight indoors, provide passive cooling, and reduce reliance on air conditioning. The solution is scalable and can be seamlessly integrated into plans for environmentally friendly building construction and urban development,." says Huang.
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Key role of plant-bacteria communication for the assembly of a healthy plant microbiome supporting sustainable plant nutrition | ScienceDaily
In an interdisciplinary study, researchers discovered that symbiotic bacteria communicate with legume plants through specific molecules and that this communication influences which bacteria grow near the plant roots. The findings provide insights into how plants and soil bacteria form beneficial partnerships for nutrient uptake and resilience. These results are a step towards understanding how communication between plants and soil bacteria can lead to specific beneficial associations providing plants with nutrients.


						
The results in Nature Communications find that symbiotic, nitrogen-fixing bacteria can ensure dominance among soil microbes due to its signalling-based communication with the legume plant host. Researchers discovered that when legumes need nitrogen, they will send out from the roots and into the soil specific molecules that are in turn recognized by the symbiotic bacteria to produce another molecule, the Nod factor which is recognized back by the legume plant. When this mutual recognition was established, the plant will modify the panel of root secreted molecules and by this will affect which soil bacteria can grow in the vicinity of their roots.

Plants like legumes have a special relationship with certain bacteria in the soil. These bacteria help the plants grow in soil that does not have much nitrogen by converting nitrogen from the air into a usable form. Depending on the nitrogen available in the soil, legume plants can be in different states: lacking nitrogen, in a partnership with the bacteria, or using nitrogen from inorganic sources like nitrate.

The symbiosis with nitrogen-fixing bacteria was shown before to affect the rest of microorganisms living around the plant roots. However, it is not always clear how this partnership affects other microbes, and whether it depends on how much nitrogen the plant has.

In the new study, the team found that the communities of bacteria around the roots and in the surrounding soil differ depending on and have predictive power of the plant's nitrogen status. Moreover, it was found that signalling exchange between legume and its symbiont plays a critical role in modulating the profile of root secreted molecules, influencing the assembly of a symbiotic root microbiome.

The results provide valuable insights into the complex interplay between nitrogen nutrition, Nod factor signaling, and root microbiome assembly. The findings emphasize the importance of symbiosis and nitrogen nutrition in shaping plant-bacteria interactions, offering potential applications in agriculture and sustainable plant growth.

This is a clear example of interdisciplinary research, where the expertise in chemistry from Associate Prof. Dr. Marianne Glasius to analyze root exudates, in mathematics from Prof. Dr. Rasmus Waagepetersen to develop predictive models, and plant genetics and microbiome from Prof. Dr. Simona Radutoiu enabled complex causational studies of root-associated bacterial communities. By integrating these diverse fields, the researchers were able to answer key questions about how nitrogen nutrition and symbiosis influence plant-bacteria interactions, providing valuable insights for sustainable agriculture.
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Sequencing of the developing human brain uncovers hundreds of thousands of new gene transcripts | ScienceDaily
A team led by researchers at UCLA and the University of Pennsylvania has produced a first-of-its kind catalog of gene-isoform variation in the developing human brain. This novel dataset provides crucial insights into the molecular basis of neurodevelopmental and psychiatric brain disorders and paves the way for targeted therapies.


						
The research, published in Science, also details how transcript expression varies by cell type and maturity, finding that changing gene-isoform expression levels can help us better understand how the human brain develops.

Every cell in our body contains the same genetic information encoded in DNA, but it is the expression of different proteins, encoded in mRNA transcripts, that give cells their distinct functions. These varied proteins, or isoforms, mostly arise from alternative splicing -- a process that is highly prevalent in the brain and contributes to its wide range of proteins and characteristics.

"We knew, based on our previous research, that isoform regulation is a key molecular feature for understanding brain development and genetic risk for neuropsychiatric disorders," said Dr. Luis de la Torre-Ubieta of the Eli and Edythe Broad Center of Regenerative Medicine and Stem Cell Research at UCLA, who co-led the study alongside Dr. Michael Gandal, an associate professor of psychiatry and genetics in the Perelman School of Medicine at the University of Pennsylvania.

Previously, despite its prevalence, the role of cell-type-specific splicing and transcript-isoform diversity in the developing human brain had not been systematically investigated due to limitations in prior generations of sequencing technologies. Here, the researchers were able to leverage new third-generation long-read sequencing technologies to capture complete RNA molecules and profile the full-length transcriptome of two major regions of the developing neocortex: the germinal zone, which contains stem cells, and the cortical plate, which houses newly generated neurons.

This technology allowed the researchers to uncover 214,516 unique isoforms -- over 70% of which have never been previously studied. They then compared the two regions of the developing brain and observed that changes in isoform expression levels are important for neurogenesis, differentiation and cell fate -- in essence, the maturation of the brain.

The researchers found thousands of isoform switches that occur during brain development, implicating previously uncharacterized RNA-binding proteins in cellular identity and cellular fate decisions. Their findings also elucidate genetic risk mechanisms for neurodevelopmental and neuropsychiatric disorders, including a reassessment of the significance and clinical relevance of thousands of rare genetic variants.




"We found that high-confidence risk genes for autism or neurodevelopmental disorders tend to be genes that have more isoforms, and those isoforms are expressed differently during neurogenesis," said de la Torre-Ubieta, an assistant professor of psychiatry and behavioral sciences. "This implies that dysregulation of the expression of specific isoforms is a potential mechanism underlying these disorders."

Scientists studying the brain often rely on publicly available catalogs of genes and gene transcripts. However, human brain tissue, particularly embryonic tissue, is difficult to access, restricting the comprehensiveness of these datasets. For this study, the researchers obtained six developing human neocortex tissue samples representing the mid-gestation period, or 15 to 17 weeks post-conception. This developmental time point in the human brain is a critical window during which the complexity of our brain -- the most sophisticated organ in our body -- begins to emerge.

"These tissue samples enabled a striking level of novel transcript discovery," Gandal said. "And because these databases haven't incorporated or represented these critical time points, we can dramatically expand our understanding of how genes are regulated in the context of human brain development."

The findings from the study have strong therapeutic implications and could be clinically actionable, the researchers said. Uncovering new transcripts could pave the way for identifying novel treatment approaches in gene therapy trials or targeted therapeutic trials for individuals harboring rare mutations associated with psychiatric or neurodevelopmental disorders.

In the nearer term, the data also has direct implications in improving our ability to make genetic diagnoses of neurodevelopmental disorders. Because the study found several thousand genetic variants that are more impactful than previously thought, families or individuals carrying those variants can better understand how their children might be predisposed to certain disorders.

Gandal has shared the dataset with several colleagues at the Children's Hospital of Philadelphia, which has a large population of children with rare neurodevelopmental disorders or undiagnosed disorders in development. Physicians there are already using this resource to help better interpret neurogenetics diagnostically.

"I'm really excited to leverage this resource to help patients," said Gandal, who is also a practicing psychiatrist. "Having this knowledge brings us one step closer to being able to develop targeted treatments and understand genetic mechanisms in a much more specific way."

Other UCLA authors include Ashok Patowary, Pan Zhang, Celine K. Vuong, Xinzhou Ge, Kangcheng Hou, Minsoo Kim, Michael Margolis, Bogdan Pasaniuc and Jingyi Jessica Li. Connor Jops, Naihua Gong, Daniel Vo, Xusheng Wang and Chunyu Liu contributed to this study.

The research was supported by the Simons Foundation Autism Research Initiative, the National Institute of Mental Health, the National Science Foundation and the UCLA Medical Scientist Training Program.
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New approach to Epstein-Barr virus and resulting diseases | ScienceDaily
The Epstein-Barr virus can cause a spectrum of diseases, including a range of cancers. Emerging data now show that inhibition of a specific metabolic pathway in infected cells can diminish latent infection and therefore the risk of downstream disease, as reported by researchers from the University of Basel and the University Hospital Basel in the journal Science.


						
Exactly 60 years ago, pathologist Anthony Epstein and virologist Yvonne Barr announced the discovery of a virus that has carried their names ever since. The Epstein-Barr virus (EBV) made scientific history as the first virus proven to cause cancer in humans. Epstein and Barr isolated the pathogen, which is part of the herpesvirus family, from tumor tissue and demonstrated its cancer-causing potential in subsequent experiments.

Most people are carriers of EBV: 90% of the adult population are infected with the virus, usually experiencing no symptoms and no resulting illness. Around 50% become infected before the age of five, but many people don't catch it until adolescence. Acute infection with the virus can cause glandular fever -- also known as "kissing disease" -- and can put infected individuals out of action for several months. In addition to its cancerogenic properties, the pathogen is also suspected to be involved in the development of autoimmune diseases such as multiple sclerosis.

As yet, no drug or approved vaccination can specifically thwart EBV within the body. Now, a research group from the University of Basel and the University Hospital Basel has reported a promising starting point for putting the brakes on EBV. Their results have been published in the journal Science.

EBV hijacks the metabolism of infected cells

Researchers led by Professor Christoph Hess have deciphered how the immune cells infected with EBV -- the so-called B cells -- are reprogrammed. Known as "transformation," this process is necessary for the infection to become chronic and cause subsequent diseases such as cancer. Specifically, the team discovered that the virus triggers the infected cell to ramp up the production of an enzyme known as IDO1. This ultimately leads to greater energy production by the power plants of infected cells: the mitochondria. In turn, this additional energy is needed for the increased metabolism and the rapid proliferation of B cells reprogrammed by EBV in this way.

Clinically, the researchers focused on a group of patients who had developed EBV-triggered blood cancer following organ transplantation. To prevent a transplanted organ from being rejected, it is necessary to weaken the immune system using medications. This, in turn, makes it easier for EBV to gain the upper hand and cause blood cancer, referred to as post-transplant lymphoma.




In the paper, which has now been published, the researchers were able to show that EBV upregulates the enzyme IDO1 already months before post-transplant lymphoma is diagnosed. This finding may help to develop biomarkers for the disease.

Second chance for a failed drug

"Previously, IDO1 inhibitors have been developed in the hope that they could help to treat established cancer -- which has unfortunately turned out not to be the case. In other words, there are already clinically tested inhibitors against this enzyme," explains Christoph Hess. Accordingly, this class of drugs might now receive a second chance in applications aimed at dampening EBV infection and thereby tackling EBV-associated diseases. Indeed, in experiments with mice, IDO1 inhibition with these drugs reduced the transformation of B cells and therefore the viral load and the development of lymphoma.

"In transplant patients, it's standard practice to use drugs against various viruses. Until now, there's been nothing specific for preventing or treating Epstein-Barr virus associated disease," says Hess.
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Birth of universe's earliest galaxies observed for first time | ScienceDaily
Using the James Webb Space Telescope, University of Copenhagen researchers have become the first to see the formation of three of the earliest galaxies in the universe, more than 13 billion years ago. The sensational discovery contributes important knowledge about the universe and is now published in the journal Science.


						
For the first time in the history of astronomy, researchers at the Niels Bohr Institute have witnessed the birth of three of the universe's absolute earliest galaxies, somewhere between 13.3 and 13.4 billion years ago.

The discovery was made using the James Webb Space Telescope, which brought these first 'live observations' of formative galaxies down to us here on Earth.

Through the telescope, researchers were able to see signals from large amounts of gas that accumulate and accrete onto a mini-galaxy in the process of being built. While this is how galaxies are formed according to theories and computer simulations, it had never actually been witnessed.

"You could say that these are the first 'direct' images of galaxy formation that we've ever seen. Whereas the James Webb has previously shown us early galaxies at later stages of evolution, here we witness their very birth, and thus, the construction of the first star systems in the universe," says Assistant Professor Kasper Elm Heintz from the Niels Bohr Institute, who led the new study.

Galaxies born shortly after the Big Bang

The researchers estimate the birth of the three galaxies to have occurred roughly 400-600 million years after the Big Bang, the explosion that began it all. While that sounds like a long time, it corresponds to galaxies forming during the first three to four percent of the universe's 13.8-billion-year overall lifetime.




Shortly after the Big Bang, the universe was an enormous opaque gas of hydrogen atoms -- unlike today, where the night sky is speckled with a blanket of well-defined stars.

"During the few hundred million years after the Big Bang, the first stars formed, before stars and gas began to coalesce into galaxies. This is the process that we see the beginning of in our observations," explains Associate Professor Darach Watson.

The birth of galaxies took place at a time in the history of the universe known as the Epoch of Reionization, when the energy and light of some of the first galaxies broke through the mists of hydrogen gas.

It is precisely these large amounts of hydrogen gas that the researchers captured using the James Webb Space Telescope's infrared vision. This is the most distant measurement of the cold, neutral hydrogen gas, which is the building block of the stars and galaxies, discovered by scientific researchers to date.

Adds to the understanding of our origins

The study was conducted by Kasper Elm Heintz, in close collaboration with, among others, research colleagues Darach Watson, Gabriel Brammer and PhD student Simone Vejlgaard from the Cosmic Dawn Center at the University of Copenhagen's Niels Bohr Institute -- a center whose stated goal is to investigate and understand the dawn of the universe. This latest result brings them much closer to doing just that.




The research team has already applied for more observation time with the James Webb Space Telescope, with hopes of expanding upon their new result and learning more about the earliest epoch in the formation of galaxies.

"For now, this is about mapping our new observations of galaxies being formed in even greater detail than before. At the same time, we are constantly trying to push the limit of how far out into the universe we can see. So, perhaps we'll reach even further," says Simone Vejlgaard.

According to the researcher, the new knowledge contributes to answering one of humanity's most basic questions.

"One of the most fundamental questions that we humans have always asked is: 'Where do we come from?'. Here, we piece together a bit more of the answer by shedding light on the moment that some of the universe's first structures were created. It is a process that we'll investigate further, until hopefully, we are able to fit even more pieces of the puzzle together," concludes Associate Professor Gabriel Brammer.

The study was conducted by researchers Kasper E. Heintz, Darach Watson, Gabriel Brammer, Simone Vejlgaard, Anne Hutter, Victoria B. Strait, Jorryt Matthee, Pascal A. Oesch, Pall Jakobsson, Nial R. Tanvir, Peter Laursen, Rohan P. Naidu, Charlotte A. Mason, Meghana Killi, Intae Jung, Tiger Yu-Yang Hsiao, Abdurro'uf, Dan Coe, Pablo Arrabal Haro, Steven L. Finkelstein, & Sune Toft.

The Danish portion of the research is funded by the Danish National Research Foundation and the Carlsberg Foundation.

HOW THEY DID IT

Researchers were able to measure the formation of the universe's first galaxies by using sophisticated models of how light from these galaxies was absorbed by the neutral gas located in and around them. This transition is known as the Lyman-alpha transition.

By measuring the light, the researchers were able to distinguish gas from the newly formed galaxies from other gas. These measurements were only possible thanks to the James Webb Space Telescope's incredibly sensitive infrared spectrograph capabilities.

ABOUT THE EARLY UNIVERSE

The universe began its "life" about 13.8 billion years ago in an enormous explosion -- the Big Bang. The event gave rise to an abundance of subatomic particles such as quarks and electrons. These particles aggregated to form protons and neutrons, which later coalesced into atomic nuclei. Roughly 380,000 years after the Big Bang, electrons began to orbit atomic nuclei, and the simplest atoms of the universe gradually formed.

The first stars were formed after a few hundred million years. And within the hearts of these stars, the larger and more complex atoms that we have around us were formed.

Later, stars coalesced into galaxies. The oldest galaxies known to us were formed about 3-400 million years after the Big Bang. Our own solar system came into being about 4.6 billion years ago -- more than 9 billion years after the Big Bang.
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Scientists map networks regulating gene function in the human brain | ScienceDaily
A consortium of researchers has produced the largest and most advanced multidimensional maps of gene regulation networks in the brains of people with and without mental disorders. These maps detail the many regulatory elements that coordinate the brain's biological pathways and cellular functions. The research, supported the National Institutes of Health (NIH), used postmortem brain tissue from over 2,500 donors to map gene regulation networks across different stages of brain development and multiple brain-related disorders.


						
"These groundbreaking findings advance our understanding of where, how, and when genetic risk contributes to mental disorders such as schizophrenia, post-traumatic stress disorder, and depression," said Joshua A. Gordon, M.D., Ph.D., director of NIH's National Institute of Mental Health (NIMH). "Moreover, the critical resources, shared freely,willhelp researchers pinpoint genetic variants that are likely to play a causal role in mental illnesses and identify potential molecular targets for new therapeutics."

The research is published across 15 papers in Science, Science Advances, and Scientific Reports. The papers report findings along several key themes:
    	Population-level analyses that link genetic variants, regulatory elements, and different molecular forms of expressed genes to regulatory networks at the cellular level, in both the developing brain and adult brain
    	Single-cell-level maps of the prefrontal cortex from individuals diagnosed with mental disorders and neurodevelopmental disorders
    	Experimental analyses validating the function of regulatory elements and genetic variants associated with quantitative trait loci (segments of DNA that are linked with observable traits)

The analyses expand on previous findings, exploring multiple cortical and subcortical regions of the human brain. These brain areas play key roles in a range of essential processes, including decision-making, memory, learning, emotion, reward processing, and motor control.

Approximately 2% of the human genome is composed of genes that code for proteins. The remaining 98% includes DNA segments that help regulate the activity of those genes. To better understand how brain structure and function contribute to mental disorders, researchers in the NIMH-funded PsychENCODE Consortium are using standardized methods and data analysis approaches to build a comprehensive picture of these regulatory elements in the human brain.

In addition to these discoveries, the papers also highlight new methods and tools to help researchers analyze and explore the wealth of data produced by this effort. These resources include a web-based platform offering interactive visualization data from diverse brain cell types in individuals with and without mental disorders, known as PsychSCREEN. Together, these methods and tools provide a comprehensive, integrated data resource for the broader research community.

The papers focus on the second phase of findings from the PsychENCODE Consortium. This effort aims to advance our understanding of how gene regulation impacts brain function and dysfunction.

"These PsychENCODE Consortium findings shed new light on how gene risk maps onto brain function across developmental stages, brain regions, and disorders," said Jonathan Pevsner, Ph.D., chief of the NIMH Genomics Research Branch. "The work lays a strong foundation for ongoing efforts to characterize regulatory pathways across disorders, elucidate the role of epigenetic mechanisms, and increase the ancestral diversity represented in studies."

The PsychENCODE papers published in Science and Science Advances are presented as a collection on the Science website.
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Birdsong and human voice built from same genetic blueprint | ScienceDaily
Humans have been long fascinated by bird song and the cacophony of other avian sounds -- from coos and honks to quacks and peeps. But little is known about how the unique vocal organ of birds -- the syrinx -- varies from species to species or its deeper evolutionary origins.


						
A trio of recent studies led by researchers from The University of Texas at Austin is changing that.

The studies include high-resolution anatomical scans of syrinxes from hummingbirds and ostriches -- the world's smallest and largest bird species -- and the discovery that the syrinx and larynx, the vocal organ of reptiles and mammals, including humans, share the same developmental programming.

According to Julia Clarke, a professor at UT's Jackson School of Geosciences, this genetic connection between the vocal organs is an exciting new example of "deep homology," a term that describes how different tissues or organs can share a common genetic link.

"To me, this is as big as the flippers-to-limbs transition," said Clarke, who co-led or co-authored the studies. "In some ways, it's even bigger because the syrinx is not a modified organ with a new function but a completely new one with an ancient and common function."

The three studies are built on a foundation of collaborative and interdisciplinary syrinx research with physiologists and developmental biologists that Clarke has been leading for over a decade. The research got its start in 2013 when Clarke, a paleontologist, discovered a syrinx in a fossil of a duck-like bird that lived in what is now Antarctica during the Late Cretaceous. The specimen is the oldest syrinx to be discovered. But when she tried to compare the fossil syrinx to the syrinxes of modern birds, she found the scientific literature lacking. Many of the studies dated back to the 19th century, before the advent of modern scientific imaging, or cited claims from those older studies made without double-checking them.

This set Clarke on a mission to modernize -- and maximize -- syrinx data collection.




"We had this new three-dimensional structure, but we had nothing to compare it to," said Clarke, describing CT imaging data of the fossil syrinx. "So, we started generating data that did not previously exist on syrinx structure across many different groups of birds."

Over the years, Clarke and members of her lab have developed new methods for dissecting, preserving and CT-scanning syrinxes that have helped reveal the syrinx in more detail. These enhanced views of the ostrich and hummingbird vocal organ have shown that bird behavior may be just as important as the syrinx when it comes to the repertoire of sounds these birds produce.

For example, in the study of the ostrich syrinx, the researchers found no significant differences in syrinx anatomy between adult male and female birds (previous studies focused only on male ostriches.) However, even though both sexes have the same vocal equipment, male ostriches tended to make a wider variety of sounds than female ostriches, with the sounds often associated with aggressive behaviors between rowdy males. On a visit to a Texas ostrich farm, the researchers recorded 11 types of calls, ranging from high frequency peeps and gurgles in baby ostriches to low frequency boos and booms in adult males. These included a few call types that had never been recorded before. The only sounds definitively recorded from adult female ostriches were hisses. What the females lacked in range, they made up for in attitude said Michael Chiappone, who became involved with the ostrich research as an undergraduate student at the Jackson School and is the lead author of the study.

"They were quite prolific hissers," said Chiappone, who is now a doctoral student at the University of Minnesota.

For the hummingbird study, the researchers compared the hummingbird syrinx to the syrinx of swifts and nightjars, two close relatives, and found that all three birds have similar vocal folds in their syrinx despite having different ways of learning their calls. Swifts and nightjars work with a limited repertoire of instinctive calls while hummingbirds are able to elaborate on calls by learning complex songs from each other, a trait called vocal learning.

According to Lucas Legendre, a Jackson School research associate who led the hummingbird research, the findings suggest that the common ancestor of all three birds also had a similar vocal fold structure -- and that it may have helped lay the groundwork for the evolution in vocal learning in hummingbirds.




"Having all of the [vocal fold] structures already present before vocal learning was acquired by hummingbirds probably made it easier for them to acquire vocal production learning," he said.

Before the study, it was uncertain if swifts even had vocal folds. As part of the research, Legendre created a 3D digital model of the swift vocal track that takes viewers down the windpipe to the syrinx and to the vocal folds that rest near the top of each branch of the syrinx. The model -- dubbed the "magical mystery voyage" by Clarke -- shows the advances in anatomical knowledge of syrinx that her lab is leading.

"This is a structure that wasn't known to exist outside of hummingbirds, but our CT scans revealed that swifts have these vocal folds in the same position," Clarke said. "This is the kind of voyage we needed to go on to get these answers."

At the same time Clarke and her team were developing methods to preserve and capture syrinx anatomy across bird species, they were collaborating with Clifford Tabin, a developmental biologist at Harvard University, on investigating the evolutionary origins of the syrinx by tracking the gene expression that accompanied vocal organ development in the embryos of birds, mammals and reptiles.

The research published in Current Biology is a culmination of that collaboration. The study details how scientists discovered the deep connection between the larynx and the syrinx tissues by observing that the same genes were controlling the development of the vocal organs in mice and chicken embryos, respectively, even though the organs arose from different embryological layers.

"They form under the influence of the same genetic pathways, ultimately giving the vocal tissue similar cellular structure and vibratory properties in birds and mammals," said Tabin, a co-lead on the study.

The study also analyzed syrinx development across bird species -- which involved observing gene expression in embryos from 14 different species, from penguins to budgies -- and found that the common ancestor of modern birds probably had a syrinx with two sound sources, or two independently functioning vocal folds. This trait is found in songbirds today, allowing many to create two distinct sounds at the same time. The research suggests that that the common ancestor of birds may have been making similarly diverse calls.

These results may shed light on the syrinx's origins but it's still unknown when the syrinx first developed and whether non-avian dinosaurs -- the ancestors of today's birds -- had the vocal organ, said Clarke. No one has yet found a fossil syrinx from a non-avian dinosaur.

According to Clarke, the best way to understand the possibilities for ancient dinosaur sounds is to continue studying vocalization as it exists today in birds, the dinosaurs that are still with us, and other reptile cousins.

"We can't start talking about sound production in dinosaurs until we truly understand the system in living species," she said.

This research was supported by the Gordon and Betty Moore Foundation, Howard Hughes Medical InstituteProfessors Program and the Jackson School of Geosciences. Chad Eliason, a senior research scientist at the Field Museum of Natural History and former postdoctoral scholar at the Jackson School, was also a major contributor to these syrinx projects and others.
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Study explains why the brain can robustly recognize images, even without color | ScienceDaily
Even though the human visual system has sophisticated machinery for processing color, the brain has no problem recognizing objects in black-and-white images. A new study from MIT offers a possible explanation for how the brain comes to be so adept at identifying both color and color-degraded images.


						
Using experimental data and computational modeling, the researchers found evidence suggesting the roots of this ability may lie in development. Early in life, when newborns receive strongly limited color information, the brain is forced to learn to distinguish objects based on their luminance, or intensity of light they emit, rather than their color. Later in life, when the retina and cortex are better equipped to process colors, the brain incorporates color information as well but also maintains its previously acquired ability to recognize images without critical reliance on color cues.

The findings are consistent with previous work showing that initially degraded visual and auditory input can actually be beneficial to the early development of perceptual systems.

"This general idea, that there is something important about the initial limitations that we have in our perceptual system, transcends color vision and visual acuity. Some of the work that our lab has done in the context of audition also suggests that there's something important about placing limits on the richness of information that the neonatal system is initially exposed to," says Pawan Sinha, a professor of brain and cognitive sciences at MIT and the senior author of the study.

The findings also help to explain why children who are born blind but have their vision restored later in life, through the removal of congenital cataracts, have much more difficulty identifying objects presented in black and white. Those children, who receive rich color input as soon as their sight is restored, may develop an overreliance on color that makes them much less resilient to changes or removal of color information.

MIT postdocs Marin Vogelsang and Lukas Vogelsang, and Project Prakash research scientist Priti Gupta, are the lead authors of the study, which appears today in Science. Sidney Diamond, a retired neurologist who is now an MIT research affiliate, and additional members of the Project Prakash team are also authors of the paper.

Seeing in black and white

The researchers' exploration of how early experience with color affects later object recognition grew out of a simple observation from a study of children who had their sight restored after being born with congenital cataracts. In 2005, Sinha launched Project Prakash (the Sanskrit word for "light"), an effort in India to identify and treat children with reversible forms of vision loss.




Many of those children suffer from blindness due to dense bilateral cataracts. This condition often goes untreated in India, which has the world's largest population of blind children, estimated between 200,000 and 700,000.

Children who receive treatment through Project Prakash may also participate in studies of their visual development, many of which have helped scientists learn more about how the brain's organization changes following restoration of sight, how the brain estimates brightness, and other phenomena related to vision.

In this study, Sinha and his colleagues gave children a simple test of object recognition, presenting both color and black-and-white images. For children born with normal sight, converting color images to grayscale had no effect at all on their ability to recognize the depicted object. However, when children who underwent cataract removal were presented with black-and-white images, their performance dropped significantly.

This led the researchers to hypothesize that the nature of visual inputs children are exposed to early in life may play a crucial role in shaping resilience to color changes and the ability to identify objects presented in black-and-white images. In normally sighted newborns, retinal cone cells are not well-developed at birth, resulting in babies having poor visual acuity and poor color vision. Over the first years of life, their vision improves markedly as the cone system develops.

Because the immature visual system receives significantly reduced color information, the researchers hypothesized that during this time, the baby brain is forced to gain proficiency at recognizing images with reduced color cues. Additionally, they proposed, children who are born with cataracts and have them removed later may learn to rely too much on color cues when identifying objects, because, as they experimentally demonstrated in the paper, with mature retinas, they commence their post-operative journeys with good color vision.

To rigorously test that hypothesis, the researchers used a standard convolutional neural network, AlexNet, as a computational model of vision. They trained the network to recognize objects, giving it different types of input during training. As part of one training regimen, they initially showed the model grayscale images only, then introduced color images later on. This roughly mimics the developmental progression of chromatic enrichment as babies' eyesight matures over the first years of life.




Another training regimen comprised only color images. This approximates the experience of the Project Prakash children, because they can process full color information as soon as their cataracts are removed.

The researchers found that the developmentally inspired model could accurately recognize objects in either type of image and was also resilient to other color manipulations. However, the Prakash-proxy model trained only on color images did not show good generalization to grayscale or hue-manipulated images.

"What happens is that this Prakash-like model is very good with colored images, but it's very poor with anything else. When not starting out with initially color-degraded training, these models just don't generalize, perhaps because of their over-reliance on specific color cues," Lukas Vogelsang says.

The robust generalization of the developmentally inspired model is not merely a consequence of it having been trained on both color and grayscale images; the temporal ordering of these images makes a big difference. Another object-recognition model that was trained on color images first, followed by grayscale images, did not do as well at identifying black-and-white objects.

"It's not just the steps of the developmental choreography that are important, but also the order in which they are played out," Sinha says.

The advantages of limited sensory input

By analyzing the internal organization of the models, the researchers found that those that begin with grayscale inputs learn to rely on luminance to identify objects. Once they begin receiving color input, they don't change their approach very much, since they've already learned a strategy that works well. Models that began with color images did shift their approach once grayscale images were introduced, but could not shift enough to make them as accurate as the models that were given grayscale images first.

A similar phenomenon may occur in the human brain, which has more plasticity early in life, and can easily learn to identify objects based on their luminance alone. Early in life, the paucity of color information may in fact be beneficial to the developing brain, as it learns to identify objects based on sparse information.

"As a newborn, the normally sighted child is deprived, in a certain sense, of color vision. And that turns out to be an advantage," Diamond says.

Researchers in Sinha's lab have observed that limitations in early sensory input can also benefit other aspects of vision, as well as the auditory system. In 2022, they used computational models to show that early exposure to only low-frequency sounds, similar to those that babies hear in the womb, improves performance on auditory tasks that require analyzing sounds over a longer period of time, such as recognizing emotions. They now plan to explore whether this phenomenon extends to other aspects of development, such as language acquisition.

The research was funded by the National Eye Institute of NIH and the Intelligence Advanced Research Projects Activity.
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Researchers unveil shared and unique brain molecular dysregulations in PTSD and depression | ScienceDaily
A comprehensive approach that examines the intersection of multiple biological processes is necessary to elucidate the development of stress-related disorders. In a new study, investigators from McLean Hospital, a member of the Mass General Brigham healthcare system, working with colleagues at The University of Texas at Austin and Lieber Institute for Brain Development, uncovered both shared and distinct molecular changes across brain regions, genomic layers, cell types, and blood in individuals with posttraumatic stress disorder (PTSD) and major depressive disorder (MDD). These results, published May 24th in Science, could provide potential avenues for novel therapeutics and biomarkers.


						
"PTSD is a complex pathological condition. We had to extract information across multiple brain regions and molecular processes to capture the biological networks at play," said first author Nikolaos P. Daskalakis, MD, PhD, director of the Neurogenomics and Translational Bioinformatics Laboratory at McLean Hospital, and an associate professor of psychiatry at Harvard Medical School.

Stress-related disorders develop over time, stemming from epigenetic modifications caused by the interplay between genetic susceptibility and traumatic stress exposure. Previous studies have uncovered hormonal, immune, methylomic (epigenetics) and transcriptomic (RNA) factors mostly in peripheral samples contributing to these diseases, but limited access to postmortem brain tissues from diseased PTSD patients has restricted characterization of brain-based molecular changes at the appropriate scale.

"Our primary goals for this study were to interpret and integrate differential gene and protein expression, epigenetic alterations and pathway activity across our postmortem brain cohorts in PTSD, depression and neurotypical controls," said senior author Kerry Ressler, MD, PhD, chief scientific officer and director of Division of Depression and Anxiety Disorders and Neurobiology of Fear Laboratory at McLean Hospital, and a professor of psychiatry at Harvard Medical School. "We essentially combined circuit biology with powerful multi-omics tools to delve into the molecular pathology behind these disorders."

For this, the team analyzed multi-omic data from 231 PTSD, MDD and neurotypical control subjects, along with 114 individuals from replication cohorts for differences in three brain regions -- the medial prefrontal cortex (mPFC), hippocampal dentate gyrus (DG) and central nucleus of the amygdala (CeA). They also performed single-nucleus RNA sequencing (snRNA-seq) of 118 PFC samples to study cell-type-specific patterns and evaluated blood-based proteins in more than 50,000 UK Biobank participants to isolate key biomarkers associated with stress-related disorders. Finally, the overlap of these key brain-based disease process genes was compared with genome-wide association studies (GWAS)-based risk genes to identify PTSD and MDD risk.

PTSD and MDD individuals both shared altered gene expression and exons in the mPFC, but differed in the localization of epigenetic changes. Further analysis revealed that history of childhood trauma and suicide were strong drivers of molecular variations in both disorders. The authors noted that MDD disease signals were more strongly associated with male-specific results, suggesting that sex differences may underlie disease risk.

Top disease-associated genes and pathways across regions, omics, and/or traits implicated biological processes in both neuronal and non-neuronal cells. These included molecular regulators and transcription factors, and pathways involved in immune function, metabolism, mitochondria function and stress hormone signaling.




"Understanding why some people develop PTSD and depression and others don't is a major challenge," said investigator Charles B. Nemeroff, M.D., PhD, chair of the Department of Psychiatry and Behavioral Sciences at Dell Medical School of UT Austin. "We found that the brains of people with these disorders have molecular differences, especially in the prefrontal cortex. These changes seem to affect things like our immune system, how our nerves work, and even how our stress hormones behave.."

The genetic components of the work built on a study published last month by researchers including Ressler and Daskalakis in Nature Genetics, in which they identified 95 locations, or loci in the genome (including 80 new) associated with PTSD. Their multi-omic analyses found 43 potential causal genes for the disorder.

The researchers now could reveal only limited overlap between the top genes and those implicated in GWAS studies, underscoring the gap in current understanding between disease risk and underlying disease processes. In contrast, they discovered greater correlations between brain multi-omics and blood markers.

"Our findings support the development of brain-informed blood biomarkers for real-time profiling," said Daskalakis.

Ressler added, "These biomarkers could help overcome current challenges in obtaining brain biopsies for advancing new treatments."

Limitations of the study include the inherent biases in postmortem brain research, including population selection, clinical assessment, comorbidities, and end-of-life state. The authors also caution that they did not fully characterize all cell-subtypes and cell states, and that future studies are required to understand contrasting molecular signals across omics or brain regions.

The team plans on using this database as groundwork for future analysis of how genetic factors interact with environmental variables to create downstream disease effects.

"Learning more about the molecular basis of these conditions, PTSD and MDD, in the brain paves the way for discoveries that will lead to more effective therapeutic and diagnostic tools. This work was possible because of the brain donations to the Lieber Institute Brain Repository from families whose loved ones died of these conditions," said Joel Kleinman, MD, PhD, associate director of Clinical Sciences at the Lieber Institute for Brain Development. "We hope our research will one day bring relief to individuals who struggle with these disorders and their loved ones."
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A promising approach to develop a birth control pill for men | ScienceDaily
The world's population has increased by more than 2.6-fold in the last 60 years. The growing trend continues -- projections indicate that the number of people living on our planet will grow to 9 billion by 2037 from 8 billion in 2022. These numbers underscore the need for considering family planning; however, there have been limited breakthroughs in contraception in recent decades. Specifically for men, there are no oral contraceptive pills available.


						
In a study published in the journal Science, researchers at Baylor College of Medicine and collaborating institutions show in animal models that a novel, non-hormonal sperm-specific approach offers a promising option for reversible human male contraception.

"Although researchers have been investigating several strategies to develop male contraceptives, we still do not have a birth control pill for men," said corresponding author Dr. Martin Matzuk, director of the Center for Drug Discovery and chair of the Department of Pathology and Immunology at Baylor. "In this study we focused on a novel approach -- identifying a small molecule that would inhibit serine/threonine kinase 33 (STK33), a protein that is specifically required for fertility in both men and mice."

Previous research has shown that STK33 is enriched in the testis and is specifically required for the formation of functional sperm. In mice, knocking out the Stk33 gene renders the mice sterile due to abnormal sperm and poor sperm motility. In men, having a mutation in the STK33 gene leads to infertility caused by the same sperm defects found in the Stk33 knockout mice. Most importantly, mice and men with these mutations have no other defects and even have normal testis size.

"STK33 is therefore considered a viable target with minimal safety concerns for contraception in men," said Matzuk, who has been on faculty at Baylor for 30 years and is Baylor's Stuart A. Wallace Chair and Robert L. Moody, Sr. Chair of Pathology and Immunology. "STK33 inhibitors have been described but none are STK33-specific or potent for chemically disrupting STK33 function in living organisms."

Finding an effective STK33 inhibitor

"We used DNA-Encoded Chemistry Technology (DEC-Tec) to screen our multi-billion compound collection to discover potent STK33 inhibitors," said first author Dr. Angela Ku, staff scientist in the Matzuk lab. "Our group and others have used this approach before to uncover potent and selective kinase inhibitors."

The researchers uncovered potent STK33-specific inhibitors, from which they successfully generated modified versions to make them more stable, potent and selective. "Among these modified versions, compound CDD-2807 turned out to be the most effective," Ku said.




"Next, we tested the efficacy of CDD-2807 in our mouse model," said co-author Dr. Courtney M. Sutton, postdoctoral fellow in the Matzuk lab. "We evaluated several doses and treatment schedules and then determined sperm motility and number in the mice as well as their ability to fertilize females."

Compound CDD-2807 effectively crossed the blood-testis barrier and reduced sperm motility and numbers and mice fertility at low doses. "We were pleased to see that the mice did not show signs of toxicity from CDD-2807 treatment, that the compound did not accumulate in the brain, and that the treatment did not alter testis size, similar to the Stk33 knockout mice and the men with the STK33 mutation," Sutton said. "Importantly, the contraceptive effect was reversible. After a period without compound CDD-2807, the mice recovered sperm motility and numbers and were fertile again."

"In our paper, we also present the first crystal structure for STK33," said co-author Dr. Choel Kim, associate professor of biochemistry and molecular pharmacology and member of the Dan L Duncan Comprehensive Cancer Center at Baylor. "Our crystal structure showed how one of our potent inhibitors interacts with STK33 kinase in three dimensions. This enabled us to model and design our final compound, CDD-2807, for better drug-like properties."

"This study was a tour de force by our team in the Center for Drug Discovery at Baylor and our collaborators," said co-author Dr. Mingxing Teng, assistant professor of pathology and immunology and of biochemistry and molecular pharmacology at Baylor. Teng also is a Cancer Prevention Research Institute of Texas Scholar and a member of the Dan L Duncan Comprehensive Cancer Center at Baylor. "Starting with a genetically validated contraceptive target, we were able to show that STK33 is also a chemically validated contraceptive target."

"In the next few years, our goal is to further evaluate this STK33 inhibitor and compounds similar to CDD-2807 in primates to determine their effectiveness as reversible male contraceptives," Matzuk said.

Additional co-authors of the paper affiliated with Baylor College of Medicine are Kiran L. Sharma, Hai Minh Ta, Kurt M. Bohren, Yong Wang, Srinivas Chamakuri, Ruihong Chen, John M. Hakenjos, Ravikumar Jimmidi, Katarzyna Kent, Feng Li, Jian-Yuan Li, Lang Ma, Chandrashekhar Madasu, Murugesan Palaniappan, Stephen S. Palmer, Xuan Qin, Zhi Tan, Yasmin M. Vasquez, Jian Wang, Zhifeng Yu, Qiuji Ye and Damian W. Young. Co-authors Matthew B. Robers and Jennifer Wilkinson are affiliated with Promega Corp., and Banumathi Sankaran is affiliated with Lawrence Berkeley National Laboratory.
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Intriguing nearby world sized between Earth, Venus | ScienceDaily
Using observations by NASA's TESS (Transiting Exoplanet Survey Satellite) and many other facilities, two international teams of astronomers have discovered a planet between the sizes of Earth and Venus only 40 light-years away. Multiple factors make it a candidate well-suited for further study using NASA's James Webb Space Telescope.


						
TESS stares at a large swath of the sky for about a month at a time, tracking the brightness changes of tens of thousands of stars at intervals ranging from 20 seconds to 30 minutes. Capturing transits -- brief, regular dimmings of stars caused by the passage of orbiting worlds -- is one of the mission's primary goals.

"We've found the nearest, transiting, temperate, Earth-size world located to date," said Masayuki Kuzuhara, a project assistant professor at the Astrobiology Center in Tokyo, who co-led one research team with Akihiko Fukui, a project assistant professor at the University of Tokyo. "Although we don't yet know whether it possesses an atmosphere, we've been thinking of it as an exo-Venus, with similar size and energy received from its star as our planetary neighbor in the solar system."

The host star, called Gliese 12, is a cool red dwarf located almost 40 light-years away in the constellation Pisces. The star is only about 27% of the Sun's size, with about 60% of the Sun's surface temperature. The newly discovered world, named Gliese 12 b, orbits every 12.8 days and is Earth's size or slightly smaller -- comparable to Venus. Assuming it has no atmosphere, the planet has a surface temperature estimated at around 107 degrees Fahrenheit (42 degrees Celsius).

Astronomers say that the diminutive sizes and masses of red dwarf stars make them ideal for finding Earth-size planets. A smaller star means greater dimming for each transit, and a lower mass means an orbiting planet can produce a greater wobble, known as "reflex motion," of the star. These effects make smaller planets easier to detect.

The lower luminosities of red dwarf stars also means their habitable zones -- the range of orbital distances where liquid water could exist on a planet's surface -- lie closer to them. This makes it easier to detect transiting planets within habitable zones around red dwarfs than those around stars emitting more energy.

The distance separating Gliese 12 and the new planet is just 7% of the distance between Earth and the Sun. The planet receives 1.6 times more energy from its star as Earth does from the Sun and about 85% of what Venus experiences.




"Gliese 12 b represents one of the best targets to study whether Earth-size planets orbiting cool stars can retain their atmospheres, a crucial step to advance our understanding of habitability on planets across our galaxy," said Shishir Dholakia, a doctoral student at the Centre for Astrophysics at the University of Southern Queensland in Australia. He co-led a different research team with Larissa Palethorpe, a doctoral student at the University of Edinburgh and University College London.

Both teams suggest that studying Gliese 12 b may help unlock some aspects of our own solar system's evolution.

"It is thought that Earth's and Venus's first atmospheres were stripped away and then replenished by volcanic outgassing and bombardments from residual material in the solar system," Palethorpe explained. "The Earth is habitable, but Venus is not due to its complete loss of water. Because Gliese 12 b is between Earth and Venus in temperature, its atmosphere could teach us a lot about the habitability pathways planets take as they develop."

One important factor in retaining an atmosphere is the storminess of its star. Red dwarfs tend to be magnetically active, resulting in frequent, powerful X-ray flares. However, analyses by both teams conclude that Gliese 12 shows no signs of extreme behavior.

A paper led by Kuzuhara and Fukui was published May 23 in The Astrophysical Journal Letters. The Dholakia and Palethorpe findings were published in Monthly Notices of the Royal Astronomical Society on the same day.

During a transit, the host star's light passes through any atmosphere. Different gas molecules absorb different colors, so the transit provides a set of chemical fingerprints that can be detected by telescopes like Webb.

"We know of only a handful of temperate planets similar to Earth that are both close enough to us and meet other criteria needed for this kind of study, called transmission spectroscopy, using current facilities," said Michael McElwain, a research astrophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and a co-author of the Kuzuhara and Fukui paper. "To better understand the diversity of atmospheres and evolutionary outcomes for these planets, we need more examples like Gliese 12 b."
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        First hints of memory problems associated with changes in the brain
        People who report early memory problems and whose partners also suspect they have memory problems have higher levels of tau tangles in the brain, a biomarker associated with Alzheimer's disease.

      

      
        Grow the skin you're in: In vivo generation of chimeric skin grafts
        Researchers found that mutated mouse embryos showing an abnormal epidermal differentiation and injected with mouse pluripotent stem cells grew large patches of mature epidermis derived from the donor cells that survived transplantation to adult mice and grew natural-looking fur. Injecting the embryos with human keratinoctyes produced sheets of semi-humanized skin, suggesting that this system could be developed further to grow autologous skin grafts for treating severe skin wounds.

      

      
        Chicken feathers to deliver chemotherapy drugs and repair enzymes
        A new method of drug delivery using proline, an amino acid found in chicken feathers and skin tissue, could be used to limit the side effects of chemotherapy and repair important enzymes, new research suggests.

      

      
        Menstrual periods are arriving earlier for younger generations, especially among racial minority and lower-income individuals
        The average age at menarche -- the first menstrual period -- has been decreasing among younger generations in the U.S., especially those belonging to racial minorities and lower socioeconomic statuses, according to a new study. It also found that the average time it takes for the menstrual cycle to become regular is increasing.

      

      
        New antibiotic kills pathogenic bacteria, spares healthy gut microbes
        Researchers have developed a new antibiotic that reduced or eliminated drug-resistant bacterial infections in mouse models of acute pneumonia and sepsis while sparing healthy microbes in the mouse gut. The drug, called lolamicin, also warded off secondary infections with Clostridioides difficile, a common and dangerous hospital-associated bacterial infection, and was effective against more than 130 multidrug-resistant bacterial strains in cell culture.

      

      
        AI helps medical professionals read confusing EEGs to save lives
        Researchers have developed an assistive machine learning model that greatly improves the ability of medical professionals to read the electroencephalography (EEG) charts of intensive care patients. Because EEG readings are the only method for knowing when unconscious patients are in danger of suffering a seizure or are having seizure-like events, the computational tool could help save thousands of lives each year.

      

      
        Drug resistance discovery could 'move the field forward' for breast cancer treatment
        New research has revealed a previously unknown biological process through which breast tumor cells develop resistance to standard treatment, which could open the door for cancer scientists around the world to further target this vulnerability in hopes of creating more effective therapies for disease. Additionally, the research team tested a promising drug in combination with an existing therapy that achieved total remission in one breast cancer model that was resistant to the standard of care, an...

      

      
        Chocolate's tasty flavors might pose a risk in other desserts
        What makes chocolate taste and smell so delicious? Chemistry, of course! A variety of molecules work together to create that unmistakable aroma, but those same molecules might carry some unwanted health effects if there are too many around. While many of the compounds appeared in chocolate in low enough concentrations to be safe, higher amounts were found in some baked sweet treats.

      

      
        New research approach: Exploring the mouthfeel of food with a microscope
        A new perspectives article focuses on different ways to study the mouthfeel of food using atomic force microscopy to better understand the biophysical mechanisms that contribute to taste sensations in a broader sense. New findings in this area could drive the development of health-promoting products that contain less salt, fat, sugar and calories but still have a convincing mouthfeel.

      

      
        More than just social media use may be causing depression in young adults, study shows
        Over the past few decades, there has been a significant increase in the prevalence of depression in adolescents and young adults -- and a simultaneous uptick in the inclusion of technology and social media in everyday life. In a new study, researchers investigated the association among social media use, depression and other health-related behaviors of young adults over time.

      

      
        Quality over quantity for screen time -- study
        It is what we are looking at, rather than how much time we are spending our time online that influences our health and wellbeing, according to a new report. The study is a comprehensive examination of the latest scientific evidence on screen time and mental health.

      

      
        Could a medicated foam make gene therapies more accessible?
        Bioengineers report that a foaming liquid worked better than a standard liquid formulation at transferring gene therapy components to cells in laboratory studies.

      

      
        Heart healthy behaviors may help reverse rapid cell aging
        The benefits gained with higher lifestyle scores may be associated with the positive influence of heart disease risk factors on the aging of the body and its cells, finds a new study in the Journal of the American Heart Association

      

      
        Hitting the target with non-invasive deep brain stimulation: Potential therapy for addiction, depression, and OCD
        Researchers have successfully tested a novel technique for probing deep into the human brain, without surgery, for potential therapeutic purposes. In the rapidly evolving field of neuroscience, non-invasive brain stimulation is a new hope for understanding and treating a myriad of neurological and psychiatric conditions without surgical intervention or implants.

      

      
        Health risk from global warming predictor of city climate action during COVID-19, study finds
        City officials were more likely to maintain climate action during the pandemic in places with more climate-related health issues affecting residents.

      

      
        Public have no difficulty getting to grips with an extra thumb, study finds
        Researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects. The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

      

      
        Bird flu: Diverse range of vaccines platforms 'crucial' for enhancing human pandemic preparedness
        Review of research to-date suggests vaccination remains the most effective strategy for avian influenza prevention and control in humans, despite varying vaccine efficacy across strains.

      

      
        Intermittent fasting shows promise in improving gut health, weight management
        Participants following an intermittent fasting and protein-pacing regimen, which involves evenly spaced protein intake throughout the day, saw better gut health, weight loss and metabolic responses. These benefits were notably greater than those seen with simple calorie restriction. The findings could advance our understanding of the relationship between the gut microbiome and metabolism and improve strategies for managing obesity.

      

      
        Altering cancer treatment dosing could reduce climate impact, study finds
        Changing how often a popular cancer therapy is delivered would reduce greenhouse gas emissions and improve environmental impact without decreasing cancer survival, according to a new analysis.

      

      
        Optimal cancer-killing t cells discovered
        A team of cancer researchers has discovered a new subset of T cells that may improve the outcome for patients treated with T-cell therapies.

      

      
        Circadian clock can be leveraged to enhance cancer immunotherapy
        A multidisciplinary research team has revealed that the circadian clock -- the biological pacemaker that governs daily rhythms in physiological processes, including immune functions -- can be leveraged to enhance the efficacy of checkpoint inhibitor cancer therapy. Checkpoint inhibitors block different proteins from binding to tumor cells, allowing the immune system's T cells to kill the tumor.

      

      
        Cell-targeting technology allows researchers to isolate neuronal subpopulations and link them to behavioral states
        Scientists have designed an intersectional technique for precisely targeting subpopulations of cells and parsing out specific functions.

      

      
        Mechanisms for selective multiple sclerosis treatment strategy
        Researchers have demonstrated how B cells infected with the Epstein-Barr virus (EBV) can contribute to a pathogenic, inflammatory phenotype that contributes to multiple sclerosis (MS); the group has also shown how these problematic B cells can be selectively targeted in a way that reduces the damaging autoimmune response of multiple sclerosis.

      

      
        'Cloaked' proteins deliver cancer-killing therapeutics into cells
        Scientists have designed a way to 'cloak' proteins in a generalized technique that could lead to repurposing things like antibodies for biological research and therapeutic applications.

      

      
        Is it a sound of music...or of speech? Scientists uncover how our brains try to tell the difference
        Music and speech are among the most frequent types of sounds we hear. But how do we identify what we think are differences between the two? An international team of researchers mapped out this process through a series of experiments -- yielding insights that offer a potential means to optimize therapeutic programs that use music to regain the ability to speak in addressing aphasia.

      

      
        Fatherhood's hidden heart health toll
        Heart disease is the leading cause of death among men, and being a father may put men at an even greater risk of poor heart health later in life, reports a new study. The study of 2,814 men between the ages of 45 and 84 found cardiovascular health in older age was worse for fathers compared to non-fathers. Study participants' heart health was rated based on their diet, physical activity, smoking habits, weight, blood pressure, and level of lipids and glucose in their blood.

      

      
        Light therapy increases brain connectivity following injury
        Low-level light therapy appears to affect healing in the brains of people who suffered significant brain injuries.

      

      
        Prenatal exposure to air pollution associated with increased mental health risks
        A baby's exposure to air pollution while in the womb is associated with the development of certain mental health problems once the infant reaches adolescence, new research has found. The study examined the long-term mental health impact of early-life exposure to air and noise pollution.

      

      
        Researchers identify promising protein candidate for metabolic disease treatment
        Discovery of an appetite-suppressing protein has doubled the potential for new avenues for treating obesity and metabolic disorders in animals and people.

      

      
        Weight gain is kicked to the curb in antipsychotic drug breakthrough
        Thousands of Australians struggle with serious mental health conditions. But when the recommended treatment involves antipsychotic medications, the side effects are excess kilos, which only adds weight to an already complex diagnosis. Now, new research shows that antipsychotics can be reformulated with a strategically engineered coating that not only mitigates unwanted weight gain but also boosts serotonin levels by more than 250%.

      

      
        Genetic mosaicism more common than thought
        Researchers found that approximately one in 40 human bone marrow cells carry massive chromosomal alterations without causing any apparent disease or abnormality. Even so-called normal cells carry all sorts of genetic mutations, meaning there are more genetic differences between individual cells in our bodies than between different human beings. The discovery was enabled by a single-cell sequencing technology called Strand-seq, a unique DNA sequencing technique that can reveal subtle details of ge...

      

      
        Pharmacists prove effective, less costly care option for minor illnesses
        Greater use of pharmacists to treat minor illnesses could potentially save millions of dollars in health care costs, according to new research. The findings also indicate a way to improve healthcare access by expanding availability of pharmacists' clinical services including prescribing medications, amid an ongoing shortage of primary care providers. The study found that care for a range of minor health issues -- including urinary tract infections, shingles, animal bites and headaches -- costs an...

      

      
        Researchers have located the brain network responsible for stuttering
        An international research group succeeded in identifying the probable origin of stuttering in the brain.

      

      
        Binge-eating disorder not as transient as previously thought
        New research finds that binge-eating disorder symptoms may persist longer than once believed, finding 61 percent and 45 percent of individuals still experienced binge-eating disorder 2.5 and 5 years after their initial diagnoses, respectively.

      

      
        'Lean In' messages can lower women's motivation to protest gender inequality
        Women in leadership are often told to 'Lean In', designed to be motivational messaging demonstrating that they are more confident, strategic and resilient to setback. However, new research indicates that such 'lean in' messaging can hinder women's motivation to protest gender equality.

      

      
        Caffeine affects brain dopamine function in patients with Parkinson's disease
        Regular high caffeine consumption affects dopamine function in patients with Parkinson's disease, shows a new international study. Caffeine consumption before undergoing diagnostic brain dopamine imaging may also affect the imaging results.

      

      
        Finnish Vole fever spreading further south
        Researchers have discovered that bank voles in southern Sweden (Sk ne) carry a virus that can cause hemorrhagic fever in humans. This finding was made more than 500 km south of the previously known range. 'We were surprised that such high proportion of the relatively few voles that we caught were actually carrying a hantavirus that makes people ill', says infection disease doctor. The virus strain discovered in Sk ne appears to be more closely related to strains from Finland and Karelia than to t...

      

      
        Altering cellular interactions around amyloid plaques may offer novel Alzheimer's treatment strategies
        Researchers made a significant breakthrough in Alzheimer's disease research by identifying a novel way to potentially slow down or even halt disease progression. The study, which focuses on the role of reactive astrocytes and the plexin-B1 protein in Alzheimer's pathophysiology, provides crucial insights into brain cell communication and opens the door to innovative treatment strategies.

      

      
        Brain damage reveals part of the brain necessary for helping others
        Our willingness to help others is governed by a specific brain region pinpointed by researchers in a study of patients with brain damage to that region.

      

      
        Feeding infants peanut products protects against allergy into adolescence, study suggests
        Feeding children peanuts regularly from infancy to age five was linked to a reduced rate of peanut allergy in adolescence, by 71%, even after many years when the children ate or avoided peanut as desired.

      

      
        Genetic cause of rare childhood immune disorders discovered
        Researchers have identified the genetic basis behind certain severe immunodeficiencies in newborns, paving the way for potential screening and emerging therapies.

      

      
        AI headphones let wearer listen to a single person in a crowd, by looking at them just once
        Engineers have developed an artificial intelligence system that lets someone wearing headphones look at a person speaking for three to five seconds to 'enroll' them. The system then plays just the enrolled speaker's voice in real time, even as the pair move around in noisy environments.

      

      
        Tiny target discovered on RNA to short-circuit inflammation
        Researchers have discovered a peptide in human RNA that regulates inflammation and may provide a new path for treating diseases such as arthritis and lupus. The team used a screening process based on the powerful gene-editing tool CRISPR to shed light on one of the biggest mysteries about our RNA -- the molecule responsible for carrying out genetic information contained in our DNA.

      

      
        'Invisible tweezers' use robotics and acoustic energy to achieve what human hands cannot
        Undergoing surgery is seldom a pleasant experience, and it can sometimes be highly invasive. Surgical procedures have evolved steadily over the centuries, growing with the knowledge of anatomy and biology. Innovative methods have also been bolstered with new tools, and a growth in the use of robotics since the 1980s has moved health care forward significantly.

      

      
        Understanding a broken heart
        The stress of heart failure is remembered by the body and appears to lead to recurrent failure, along with other related health issues, according to new research. Researchers have found that heart failure leaves a 'stress memory' in the form of changes to the DNA modification of hematopoietic stem cells, which are involved in the production of blood and immune cells called macrophages. These immune cells play an important role in protecting heart health.

      

      
        High H5N1 influenza levels found in mice given raw milk from infected dairy cows
        Mice administered raw milk samples from dairy cows infected with H5N1 influenza experienced high virus levels in their respiratory organs and lower virus levels in other vital organs, according to new findings. The results suggest that consumption of raw milk by animals poses a risk for H5N1 infection and raises questions about its potential risk in humans.

      

      
        New advances in cancer viral immunotherapy
        Researchers have developed a new strain of vaccinia virus, which can replicate in tumor cells while maintaining increased immunogenicity. Specifically, it can to induce so-called immunogenic cell death in tumor cells.

      

      
        How neurons build a 3-D vascular structure to keep the retina healthy
        Scientists have known for years that a lattice of blood vessels nourishes cells in the retina that allow us to see -- but it's been a mystery how the intricate structure is created. Now, researchers have found a new type of neuron that guides its formation. The discovery could one day lead to new therapies for diseases that are related to impaired blood flow in the eyes and brain.

      

      
        Observing mammalian cells with superfast soft X-rays
        Researchers have developed a new technique to view living mammalian cells. The team used a powerful laser, called a soft X-ray free electron laser, to emit ultrafast pulses of illumination at the speed of femtoseconds, or quadrillionths of a second. With this they could capture images of carbon-based structures in living cells for the first time, before the soft X-ray radiation damaged them.

      

      
        Imperceptible sensors made from 'electronic spider silk' can be printed directly on human skin
        Researchers have developed a method to make adaptive and eco-friendly sensors that can be directly and imperceptibly printed onto a wide range of biological surfaces, whether that's a finger or a flower petal.

      

      
        
          	
            All Top News
          
          	
            Sections
          
          	
            Technology News
          
        

      

    

  
	
	Articles
	Sections
	Next



First hints of memory problems associated with changes in the brain | ScienceDaily
People who report early memory problems and whose partners also suspect they have memory problems have higher levels of tau tangles in the brain, a biomarker associated with Alzheimer's disease, according to a study published Neurology(r), the medical journal of the American Academy of Neurology.


						
Subjective cognitive decline is when a person reports memory and thinking problems before any decline is large enough to show up on standard tests.

"Understanding the earliest signs of Alzheimer's disease is even more important now that new disease-modifying drugs are becoming available," said study author Rebecca E. Amariglio, PhD, of Harvard Medical School in Boston. "Our study found early suspicions of memory problems by both participants and the people who knew them well were linked to higher levels of tau tangles in the brain."

The study involved 675 adults with an average age of 72 who did not have cognitive impairment on formal testing. All had brain scans for amyloid plaques. Of this group, 60% had elevated levels of amyloid, meaning they were at risk for developing cognitive impairment due to Alzheimer's disease even though, at the time of the scan, they were cognitively normal. Participants did not know if they had elevated levels of amyloid.

Each participant had a study partner -- a spouse, child or friend -- who could answer questions about the participant's thinking and memory skills and ability to perform daily tasks. In 65% of cases, partners lived with participants.

Each participant and their partner completed a questionnaire to assess the participant's subjective cognitive decline. Questions included, "Compared to one year ago, do you feel that your memory has declined substantially?" and "Compared to one year ago, do you have more difficulty managing money?" Participants' and partners' scores were recorded with higher scores indicating greater complaints about memory.

Researchers also reviewed brain scans for levels of tau tangles. Greater tau is also a risk factor for Alzheimer's disease and is at higher levels in people with elevated amyloid.

Researchers found participants with higher levels of tau tangles in the brain had higher scores of complaints on the memory questionnaire. Their partners also scored them higher. This association was stronger in participants who had elevated levels of amyloid plaques.

"Our study included a high percentage of people with elevated amyloid, and for this reason we were able to also see that memory complaints were associated with higher tau tangles," said Amariglio. "Our findings suggest that asking older people who have elevated Alzheimer's disease biomarkers about subjective cognitive decline may be valuable for early detection. This is particularly important since it is predicted that treatments given at the earliest diagnosable form of the disease will be the most effective in slowing the disease."

Limitations of the study include that most participants were white and highly educated. Amariglio noted future studies should follow people for longer periods of time and include more participants from other racial and ethnic groups, as well as people with different levels of education.
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Grow the skin you're in: In vivo generation of chimeric skin grafts | ScienceDaily
Skin grafting is an essential procedure used to treat severe skin wounds. In the case of extensive wounds, however, it can be challenging to harvest enough donor skin, and generating artificial skin substitutes that include hair follicles and sweat glands and can engraft on deep wounds has not been successful. Now, researchers from Japan report a new way to "grow your own" donor skin that could help improve the success of skin graft generation.


						
In a study published last month in Nature Communications, researchers from Tokyo Medical and Dental University (TMDU) have revealed that growing donor skin in another species yields surprisingly robust and functional skin grafts.

The gold standard for treating burn wounds is autologous skin grafting, a process in which sheets of skin containing both the epidermis (the outer layer) and the dermis (the deeper layer) are transferred from other parts of the patient's body to cover the wounded area. However, for large wounds it can be difficult to harvest enough skin from the limited donor sites. Split-thickness grafts that contain mostly epidermis with only some of dermis can be used to cover larger areas, but they do not include features like hair and sweat glands, and are more prone to shrinkage and scarring.

"As alternatives to autologous skin grafts, artificial skin substitutes including cultured epidermis and reconstituted skins have been developed," says the lead author of the study Dr. Hisato Nagano. "These options are inferior, though, as cultured epidermis can only be used for shallow wounds, and the engraftment rate of reconstituted skins is low."

To provide proof-of-concept for a new way to produce autologous skin grafts, the researchers generated skin grafts by introducing a mutation into mouse fetuses that made them unable to grow mature epidermis. These fetuses were then injected with mouse stem cells and allowed to develop normally until birth, when their skin growth was analyzed.

"The results were very surprising," explains Dr. Naoaki Mizuno, the corresponding author. "Not only were the chimeric mice born covered with large patches of skin derived from the injected cells, but these patches also survived up to 3 months when grafted onto mature mice, and even grew fur."

Intriguingly, injecting the same mutated mouse embryos with human skin cells yielded similar results: as the mice developed in utero, they grew sheets of human skin that mimicked the structure and organization of mature epidermis.

"Our findings suggest that semi-autologous skin grafts containing hair follicles and other skin appendages can be generated in vivo and engrafted successfully," says Dr. Hiromitsu Nakauchi, senior author.

Given that mouse embryos can only grow small amounts of skin, the next step would be to scale up the process to larger animals with a longer gestation period to generate large human skin grafts. This approach, which involves generating only skin tissue, could help avoid ethical concerns about using human-animal chimeras to produce organs for medical use.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529144248.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Chicken feathers to deliver chemotherapy drugs and repair enzymes | ScienceDaily
A new method of drug delivery using proline, an amino acid found in chicken feathers and skin tissue, could be used to limit the side effects of chemotherapy and repair important enzymes, new research suggests.


						
Published in the journal Chem, researchers have designed a cage (a box made of single molecules) from biologically compatible peptides, short amino acids that form the basis of proteins. These cages can house drugs of different sizes and transport them in the body with high levels of precision.

The negative side effects associated with chemotherapy, such as hair loss and nerve damage, are a result of 'off-site toxicity', where the treatment kills healthy cells surrounding tumours as well as the tumour itself. By creating a nano-sized cage to house the drug and carry it into the tumour before releasing it, this effect can be channelled more directly to the tumour, shielding healthy cells.

The cage can be tuned to different sizes, enabling different payloads of drugs. This flexible structure allows for chemotherapy drugs, antibiotics, and antivirals to potentially be delivered. Previously, cages of this kind could only be made using hydrocarbon molecules found in tar, which can often be toxic to humans.

This structure, researchers believe, also opens the door for faulty enzymes to be replaced within the body, which has previously not been possible. Historically, enzymes, which are composed of proteins and perform important functions in the body, could only have their activities blocked by drugs. The blocking of this functionality would then have an impact in the body, like reducing inflammation. Now, the cages could replace this function which may lay the groundwork for a new form of treatment.

Principal author Dr Charlie McTernan, Lecturer in Chemistry at King's College London and Group Leader at the Francis Crick Institute, said "What we've created is essentially a biologically compatible molecular teabag. We can fill this teabag, or cage made from widely available proline and collagen, with several different medicines and deliver them in a much more targeted way than we could before."

"In time, we hope that this could mean that we can limit the hair loss, nausea, and other unpleasant side effects of chemotherapy. We might even be able to repair malfunctioning enzymes that have an influence on the development of cancer. The best part is we can do this sustainably and at scale."

Proline is very straight and rigid in shape, while also being soluble in water, which makes it uniquely suited for drug delivery, as water makes up roughly 60% of the human body. By binding the peptide to small amounts of metal such as palladium, the researchers could create a tuneable structure they could rapidly increase or decrease in size.

As proline and collagen are widely available and don't rely on chains of hydrocarbons like previous methods, the team hope to sustainably scale up their current production in the lab.
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Menstrual periods are arriving earlier for younger generations, especially among racial minority and lower-income individuals | ScienceDaily
The average age at menarche -- the first menstrual period -- has been decreasing among younger generations in the U.S., especially those belonging to racial minorities and lower socioeconomic statuses, according to a new study led by researchers at Harvard T.H. Chan School of Public Health. It also found that the average time it takes for the menstrual cycle to become regular is increasing.


						
The study will be published on May 29 in JAMA Network Open. It is the latest publication from the Apple Women's Health Study, a longitudinal study of menstrual cycles, gynecological conditions, and overall women's health conducted by Harvard Chan School, the National Institute of Environmental Health Sciences, and Apple.

"Our findings can lead to a better understanding of menstrual health across the lifespan and how our lived environment impacts this critical vital sign," said co-principal investigator Shruthi Mahalingaiah, assistant professor of environmental, reproductive, and women's health at Harvard Chan School.

While previous studies have shown trends towards earlier menarche over the past five decades, data has been limited on how these trends present within different racial groups and socioeconomic statuses. Additionally, few studies have had sufficient data to identify any trends regarding time to menstrual cycle regularity.

The researchers used the Apple Women's Health Study's large, diverse dataset to fill this research gap. Participants who enrolled in the study between November 2018 and March 2023 -- 71,341 in total -- self-reported the age at which they first began menstruating and their race and socioeconomic status. The researchers divided the participants into five age brackets: born between 1950-1969, 1970-1979, 1980-1989, 1990-1999, and 2000-2005. Ages of menarche were defined as early (younger than 11 years old), very early (younger than 9), and late (ages 16 and above). A subset of participants (61,932) self-reported the time it took for their menstrual cycle to become regular and were divided into five categories: up to two years, between three and four years, longer than five years, hasn't become regular, or became regular with use of hormones. Another subset (9,865) provided their body mass index (BMI) at their age of menarche.

The study found that as birth year increased (meaning younger participants), average age at menarche decreased and time from menarche to menstrual cycle regularity increased. Among participants born from 1950-1969, the average age at menarche was 12.5 years, and the rates of early and very early menarche were 8.6% and 0.6%, respectively. Among participants born from 2000-2005, the average age of menarche was 11.9 years, and the rates of early and very early menarche were 15.5% and 1.4%, respectively. Across the two groups, the percentage of participants who reached menstrual cycle regularity within two years of menarche decreased from 76% to 56%. The researchers observed that these trends were present among all sociodemographic groups but were most pronounced among the participants who identified as Black, Hispanic, Asian, or mixed race, and who rated themselves as belonging to a low socioeconomic status.

The findings showed that BMI at age of menarche could explain part of the trend toward periods starting earlier -- in other words, that childhood obesity, a risk factor for early puberty and a growing epidemic in the U.S., could be a contributing factor to earlier menarche. Other possible factors that might explain the trend include dietary patterns, psychological stress and adverse childhood experiences, and environmental factors such as endocrine-disrupting chemicals and air pollution.




"Continuing to investigate early menarche and its drivers is critical," said corresponding author Zifan Wang, postdoctoral research fellow in Harvard Chan School's Department of Environmental Health. "Early menarche is associated with higher risk of adverse health outcomes, such as cardiovascular disease and cancer. To address these health concerns -- which our findings suggest may begin to impact more people, with disproportionate impact on already disadvantaged populations -- we need much more investment in menstrual health research."

The authors noted some limitations to the study, including that it relies heavily on retrospective self-reporting.

Other Harvard Chan School authors included Gowtham Asokan, Jukka-Pekka Onnela, Michelle Williams, Russ Hauser, and Brent Coull.

The study was made possible by funding from Apple, Inc. and the National Institutes of Health (grant Z01ES103333).
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New antibiotic kills pathogenic bacteria, spares healthy gut microbes | ScienceDaily
Researchers have developed a new antibiotic that reduced or eliminated drug-resistant bacterial infections in mouse models of acute pneumonia and sepsis while sparing healthy microbes in the mouse gut. The drug, called lolamicin, also warded off secondary infections with Clostridioides difficile, a common and dangerous hospital-associated bacterial infection, and was effective against more than 130 multidrug-resistant bacterial strains in cell culture.


						
The findings are detailed in the journal Nature.

"People are starting to realize that the antibiotics we've all been taking -- that are fighting infection and, in some instances, saving our lives -- also are having these deleterious effects on us," said University of Illinois Urbana-Champaign chemistry professor Paul Hergenrother, who led the study with former doctoral student Kristen Munoz. "They're killing our good bacteria as they treat the infection. We wanted to start thinking about the next generation of antibiotics that could be developed to kill the pathogenic bacteria and not the beneficial ones."

Numerous studies have found that antibiotic-related disturbances to the gut microbiome increase vulnerability to further infections and are associated with gastrointestinal, kidney, liver and other problems.

"Most clinically approved antibiotics only kill gram-positive bacteria or kill both gram-positive and gram-negative bacteria," Munoz said.

Gram-positive and gram-negative bacteria differ in the composition of their cell walls. Gram-negative bacteria have a double layer of protection, making them more difficult to kill, Munoz said.

The few drugs available to fight gram-negative infections also kill other potentially beneficial gram-negative bacteria. For example, colistin, one of the few gram-negative-only antibiotics approved for clinical use, can cause C. difficile-associated diarrhea and pseudomembranous colitis, a potentially life-threatening complication. The drug also has toxic effects on the liver and kidney, and "thus colistin is typically utilized only as an antibiotic of last resort," the researchers wrote.




To tackle the many problems associated with indiscriminately targeting gram-negative bacteria, the team focused on a suite of drugs developed by the pharmaceutical company AstraZeneca. These drugs inhibit the Lol system, a lipoprotein-transport system that is exclusive to gram-negative bacteria and genetically different in pathogenic and beneficial microbes. These drugs were not effective against gram-negative infections unless the researchers first undermined key bacterial defenses in the laboratory. But because these antibiotics appeared to discriminate between beneficial and pathogenic gram-negative bacteria in cell culture experiments, they were promising candidates for further exploration, Hergenrother said.

In a series of experiments, Munoz designed structural variations of the Lol inhibitors and evaluated their potential to fight gram-negative and gram-positive bacteria in cell culture. One of the new compounds, lolamicin, selectively targeted some "laboratory strains of gram-negative pathogens including Escherichia coli, Klebsiella pneumoniae and Enterobacter cloacae," the researchers found. Lolamicin had no detectable effect on gram-positive bacteria in cell culture. At higher doses, lolamicin killed up to 90% of multidrug-resistant E. coli, K. pneumoniae and E. cloacae clinical isolates.

When given orally to mice with drug-resistant septicemia or pneumonia, lolamicin rescued 100% of the mice with septicemia and 70% of the mice with pneumonia, the team reported.

Extensive work was done to determine the effect of lolamicin on the gut microbiome.

"The mouse microbiome is a good tool for modeling human infections because human and mouse gut microbiomes are very similar," Munoz said. "Studies have shown that antibiotics that cause gut dysbiosis in mice have a similar effect in humans."

Treatment with standard antibiotics amoxicillin and clindamycin caused dramatic shifts in the overall structure of bacterial populations in the mouse gut, diminishing the abundance several beneficial microbial groups, the team found.

"In contrast, lolamicin did not cause any drastic changes in taxonomic composition over the course of the three-day treatment or the following 28-day recovery," the researchers wrote.

Many more years of research are needed to extend the findings, Hergenrother said. Lolamicin, or other similar compounds, must be tested against more bacterial strains and detailed toxicology studies must be conducted. Any new antibiotics also must be assessed to determine how quickly they induce drug resistance, a problem that arises sooner or later in bacteria treated with antibiotics.

The study is a proof-of-concept that antibiotics that kill a pathogenic microbe while sparing beneficial bacteria in the gut can be developed for gram-negative infections -- some of the most challenging infections to treat, Hergenrother said.
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AI helps medical professionals read confusing EEGs to save lives | ScienceDaily
Researchers at Duke University have developed an assistive machine learning model that greatly improves the ability of medical professionals to read the electroencephalography (EEG) charts of intensive care patients.


						
Because EEG readings are the only method for knowing when unconscious patients are in danger of suffering a seizure or are having seizure-like events, the computational tool could help save thousands of lives each year. The results appear online May 23 in the New England Journal of Medicine AI.

EEGs use small sensors attached to the scalp to measure the brain's electrical signals, producing a long line of up and down squiggles. When a patient is having a seizure, these lines jump up and down dramatically like a seismograph during an earthquake -- a signal that is easy to recognize. But other medically important anomalies called seizure-like events are much more difficult to discern.

"The brain activity we're looking at exists along a continuum, where seizures are at one end, but there's still a lot of events in the middle that can also cause harm and require medication," said Dr. Brandon Westover, associate professor of neurology at Massachusetts General Hospital and Harvard Medical School. "The EEG patterns caused by those events are more difficult to recognize and categorize confidently, even by highly trained neurologists, which not every medical facility has. But doing so is extremely important to the health outcomes of these patients."

To build a tool to help make these determinations, the doctors turned to the laboratory of Cynthia Rudin, the Earl D. McLean, Jr. Professor of Computer Science and Electrical and Computer Engineering at Duke. Rudin and her colleagues specialize in developing "interpretable" machine learning algorithms. While most machine learning models are a "black box" that makes it impossible for a human to know how it's reaching conclusions, interpretable machine learning models essentially must show their work.

The research group started by gathering EEG samples from over 2,700 patients and having more than 120 experts pick out the relevant features in the graphs, categorizing them as either a seizure, one of four types of seizure-like events or 'other.' Each type of event appears in EEG charts as certain shapes or repetitions in the undulating lines. But because these charts are rarely steadfast in their appearance, telltale signals can be interrupted by bad data or can mix together to create a confusing chart.

"There is a ground truth, but it's difficult to read," said Stark Guo, a Ph.D. student working in Rudin's lab. "The inherent ambiguity in many of these charts meant we had to train the model to place its decisions within a continuum rather than well-defined separate bins."

When displayed visually, that continuum looks something like a multicolored starfish swimming away from a predator. Each differently colored arm represents one type of seizure-like event the EEG could represent. The closer the algorithm puts a specific chart toward the tip of an arm, the surer it is of its decision, while those placed closer to the central body are less certain.




Besides this visual classification, the algorithm also points to the patterns in the brainwaves that it used to make its determination and provides three examples of professionally diagnosed charts that it sees as being similar.

"This lets a medical professional quickly look at the important sections and either agree that the patterns are there or decide that the algorithm is off the mark," said Alina Barnett, a postdoctoral research associate in the Rudin lab. "Even if they're not highly trained to read EEGs, they can make a much more educated decision."

Putting the algorithm to the test, the collaborative team had eight medical professionals with relevant experience categorize 100 EEG samples into the six categories, once with the help of AI and once without. The performance of all of the participants greatly improved, with their overall accuracy rising from 47% to 71%. Their performance also rose above those using a similar "black box" algorithm in a previous study.

"Usually, people think that black box machine learning models are more accurate, but for many important applications, like this one, it's just not true," said Rudin. "It's much easier to troubleshoot models when they are interpretable. And in this case, the interpretable model was actually more accurate. It also provides a bird's eye view of the types of anomalous electrical signals that occur in the brain, which is really useful for care of critically ill patients."

This work was supported by the National Science Foundation (IIS-2147061, HRD-2222336, IIS-2130250, 2014431), the National Institutes of Health (R01NS102190, R01NS102574, R01NS107291, RF1AG064312, RF1NS120947, R01AG073410, R01HL161253, K23NS124656, P20GM130447) and the DHHS LB606 Nebraska Stem Cell Grant.
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Drug resistance discovery could 'move the field forward' for breast cancer treatment | ScienceDaily
New research out of VCU Massey Comprehensive Cancer Center -- recently published in Drug Resistance Updates -- revealed a previously unknown biological process through which breast tumor cells develop resistance to standard treatment, which could open the door for cancer scientists around the world to further target this vulnerability in hopes of creating more effective therapies for disease.


						
Additionally, the research team tested a promising drug in combination with an existing therapy that achieved total remission in one breast cancer model that was resistant to the standard of care, and reduced cancer growth by nearly 70% in other models of advanced disease.

"Overcoming drug resistance is very important; we're talking about developing new drugs that will provide hope to cancer patients who have exhausted all options available to them," said study author Yuesheng Zhang, M.D., Ph.D., the Harrigan, Haw and Luck Families Chair in Cancer Research and a member of the Developmental Therapeutics research program at Massey.

HER2-positive breast cancers represent nearly one-fifth of all breast tumors and often grow and spread much faster than tumors that are HER2-negative, according to the American Cancer Society.

In the clinic, there are three classes of drugs approved to treat this type of cancer: 1) monoclonal antibodies (trastuzumab, sold under the brand name Herceptin, is the most commonly used drug to treat HER2-positive breast cancer), 2) tyrosine kinase inhibitors and 3) antibody small molecule conjugates.

These drugs are all designed to target the HER2 protein receptor, but Zhang's team found that none of them are actually strong enough to completely eliminate it, offering the tumor cells more freedom to partner with other proteins within the cells to initiate cancer signaling, continue to multiply and spread.

"It's actually quite striking. It turns out the efficacy of the standard of care is very limited, and not only do a small percentage of patients respond to treatment, even the ones who are responding will very quickly develop resistance," said Zhang, who is also a professor in the Department of Pharmacology and Toxicology at the VCU School of Medicine.




This paper shines a light on the clinical need to more completely rid the cancer cells of HER2, but it also points a finger at the EGFR gene family being just as important in these tumors, suggesting that truly effective drugs need to target both the HER2 and EGFR receptors to eradicate disease.

"This study shows that an agent that targets the degradation of both HER2 and EGFR is highly effective in overcoming drug resistance in this disease," Zhang said. "The findings provide new insights and innovations for advancing treatment of drug-resistant HER2-positive breast cancer that remains an unmet problem."

In addition to unveiling a key flaw hindering current treatment options for breast cancer, Zhang and his research team also tested a novel agent that showed promising results against these tumors.

In one model, the drug achieved complete remission in combination with garadacimab, another type of monoclonal antibody. In other models where the tumors had spread to the brain, the researchers found their drug inhibited tumor growth by up to 68%.

"This means that this drug can actually cross the blood-brain barrier to attack the tumor in the brain," Zhang said.

Zhang added they are currently in talks with the National Cancer Institute for them to manufacture the drug in an effort to gain FDA approval and move it into clinical trials.

While the team observed encouraging results with the drug they tested in the study, Zhang said the most important impact of this research is to inform other investigators about the underlying mechanism that can be targeted in HER2-positive breast cancer to improve patient outcomes.

"This paper will move the field forward because cancer scientists can develop other drugs to target this vulnerability; our agent is only one of those," Zhang said.

Collaborators on this study include Lu Yang, Ph.D., Arup Bhattacharya, Ph.D., Yun Li, M.S., and Valentina Robila, M.D., Ph.D., of the VCU School of Medicine; Darrell Peterson, Ph.D., of the VCU School of Pharmacy; Xiaozhuo Liu, Ph.D., of Roswell Park Comprehensive Cancer Center; and Elisabetta Marangoni, Ph.D., of the Institute of Curie in France.
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Chocolate's tasty flavors might pose a risk in other desserts | ScienceDaily
What makes chocolate taste and smell so delicious? Chemistry, of course! A variety of molecules work together to create that unmistakable aroma, but those same molecules might carry some unwanted health effects if there are too many around. According to research published in ACS' Journal of Agricultural and Food Chemistry, while many of the compounds appeared in chocolate in low enough concentrations to be safe, higher amounts were found in some baked sweet treats.


						
When making chocolate, cocoa beans are roasted to help their chocolatey flavors shine. During this process, new molecules like a,b-unsaturated carbonyls are formed when they react with other ingredients under high temperatures. This class of carbonyls is highly reactive and potentially genotoxic, or able to cause damage to DNA when consumed. Though naturally found in many foods, these carbonyls are also used as flavoring additives, and some have been banned in the European Union, including the buttery-tasting furan-2(5H)-one. To better understand how these molecules form naturally in foods, and whether or not they are present in levels that could pose a health concern, Alexandre Dusart and colleagues tested chocolates and other sweet treats for 10 different a,b-unsaturated carbonyls -- some of which have been confirmed as safe by the European Food Safety Authority, while others are still under evaluation.

The team created its own chocolates and found that a,b-unsaturated carbonyls formed during roasting and after the addition of cocoa butter; however, their concentrations remained too low to pose any health concerns from consuming the chocolates. Next, researchers screened 22 commercially available desserts, including crepes, waffles, cakes and biscuits, either with or without chocolate. In these packaged treats, they found even lower concentrations of nine of the 10 carbonyls compared to the chocolates.

The remaining carbonyl -- genotoxic furan-2(5H)-one -- appeared in much higher concentrations in the crepe and cake samples, reaching up to 4.3 milligrams per kilogram. Considering that the recommended threshold for genotoxic substances is only 0.15 micrograms per person per day, consuming these desserts could exceed that limit, though additional studies are needed to accurately assess the potential health risk.

Researchers concluded that the furan-2(5H)-one molecule likely formed during the baking process and did not seem to correlate with the amount of chocolate present in the packaged desserts. The team says that this work helps to better understand where these carbonyls come from in chocolate and highlights the importance of monitoring flavorings in food to keep consumers informed and safe.

The authors acknowledge funding from the Belgian Federal Public Service of Health, Food Chain Safety and Environment.
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New research approach: Exploring the mouthfeel of food with a microscope | ScienceDaily
A team led by Melanie Kohler and Veronika Somoza from the Leibniz-Institute for Food Systems Biology has presented a new research approach in the journal Nature Food. The perspectives article focuses on different ways to study the mouthfeel of food using atomic force microscopy to better understand the biophysical mechanisms that contribute to taste sensations in a broader sense. New findings in this area could drive the development of health-promoting products that contain less salt, fat, sugar and calories but still have a convincing mouthfeel.


						
The mouthfeel of a food plays a crucial role in its acceptance. For example, many people prefer the creamy consistency of quark and yogurt. Apples, on the other hand, should be juicy and crunchy and bread crusts crispy. This diversity shows that the optimal mouthfeel is highly dependent heavily on the type of food and is not uniformly defined.

Researching complex interactions

In addition, the interplay between the constituents, the texture and the temperature of food and various sensor molecules and cell types in the mouth is extremely complex. Junior research group leader Melanie Kohler says: "Mechanoreceptors in particular, which react to pressure or stretching, have been under-researched so far with regard to the optimal mouthfeel and their contribution to the flavor of a food."

Veronika Somoza, Director of the Leibniz Institute in Freising, adds: "In our current perspectives article, we present various experimental approaches that can be used to tackle the many unanswered questions surrounding mouthfeel from a biophysical point of view perspective. We have focused on biological atomic force microscopy."

The atomic force microscope is a suitable tool for scanning surfaces at an atomic level or investigating interactions between molecules such as food constituents and receptor proteins. However, it can also be used to apply mechanical pressure to cells, thereby activating mechanoreceptors for identifying and characterizing their cellular signal response.

Rethinking the traditional definition

According to Melanie Kohler, a fundamental biophysical and functional understanding of the diverse mechanosensory key players in oral and extra-oral tissue as well as their responses to food constituents is important. It enables constructing new hypotheses about the contribution of mechanosensors to the overall sensory impression of a food for answering many questions that are still pending in the molecular field.

"With regard to food research, we expect that future results will lead to a revision of our traditional definition of flavor, i.e. the overall sensory impression of a food, by including mechanical perception as an additional factor alongside taste and smell," explains the young scientist. "In terms of food production, our pioneering research approach opens up promising perspectives for the design of future, enjoyable and health-conscious nutritional options," Melanie Kohler continues.
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More than just social media use may be causing depression in young adults, study shows | ScienceDaily
Over the past few decades, there has been a significant increase in the prevalence of depression in adolescents and young adults -- and a simultaneous uptick in the inclusion of technology and social media in everyday life. However, it is unclear how exactly social media use and depression are associated and relate to other behaviors, such as physical activity, green space exposure, cannabis use and eveningness (the tendency to stay up late).


						
In a study published May 15 in the International Journal of Mental Health and Addiction, a team of researchers, led by experts at Johns Hopkins Children's Center, investigated the association among social media use, depression and other health-related behaviors of young adults over time.

"Research shows that when social media use is high, depression is also high. But the question is -- is that because social media caused that person to be depressed? Or is it because people who are depressed tend to also use social media more, and spend less time exercising and being in green spaces? That is what we wanted to understand," says Carol Vidal, M.D., Ph.D., M.P.H., the first author of the study, a child and adolescent psychiatrist at Johns Hopkins Children's Center and an assistant professor of psychiatry and behavioral sciences at the Johns Hopkins University School of Medicine.

In their study, 376 young adults in Canada (82.4% women) were asked to complete three online questionnaires between May 2021 and January 2022. At each point, participants self-reported depressive symptoms based on the Patient Health Questionnaire (PHQ-9) -- a nine-item scale that is commonly used to measure depression -- as well as social media use, greenspace exposure, physical activity and cannabis use.

The researchers found that most study participants had at least mild depressive symptoms. Findings showed that participants who had higher social media use tended to be more depressed, and people who were more depressed also tended to use social media more. However, researchers found that social media use did not cause an increase or decrease in depressive symptom levels over time.

"We found that if you tended to be a person who was depressed, you were a person also spending more time on social media," explains Vidal.

Researchers also found that higher levels of social media use and higher levels of depressive symptoms were associated with lower levels of green space exposure. In addition, cannabis use and higher eveningness were also associated with higher depressive levels.

The study authors say these results show social media use and depression are associated, but do not provide evidence that greater social media use predicts an increase in depressive symptoms over time. The team also says these findings indicate people who suffer from depression should be cautious about the amount of time they spend on social media and should be encouraged to incorporate other healthy habits into their lifestyle.

"Being indoors and not exercising, staying up late and using cannabis has its risks," says Vidal. "It is important for providers to educate patients and for parents to instill healthy habits in their kids -- having a balance of moderate social media use and other outdoor activities and exercise is what people should strive for in today's digital age."

Vidal and other investigators believe there are many aspects to social media, and there are important next steps to learn more about its impact on the mental health of people of all ages, including younger children and adolescents.
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Quality over quantity for screen time -- study | ScienceDaily
It is what we are looking at, rather than how much time we are spending our time online that influences our health and wellbeing, according to a major new report.


						
The study, published in the journal World Psychiatry, is a comprehensive examination of the latest scientific evidence on screen time and mental health, carried out by an international research team.

The authors emphasise the importance of taking an individualised and multi-dimensional approach to how the Internet affects mental health, cognition and social functioning. Content that may be relatively harmless to some users may be damaging to a different demographic, such as the impact photos promoting unrealistic body shapes may have on people vulnerable to eating disorders or low self-esteem.

The report addresses a range of impacts that an increased online presence has on wellbeing, tackling issues such as 'fear of missing out', how behaviours and viewpoints are manipulated through social media, isolation, social comparisons, and the effects on the body such as increased sedentary behaviour.

Co-author Lee Smith, Professor of Public Health at Anglia Ruskin University (ARU), said: "Take two scenarios: In the first, a young person is accruing a total of four hours per day online, through constantly engaging with distracting notifications whenever they appear on screen, and then scrolling endless streams of short-form media which can be algorithmically geared towards their vices or insecurities. This could result in reduced concentration on important tasks, or cause body image issues or low self-esteem.

"In the second scenario, there is an older adult spending the exact same four hours per day online, but instead using this time to foster new social relationships and access educational content, providing benefits for their wellbeing and even brain functioning. Here, we can see very different outcomes arise from the exact same amount of time spent online."

This emerging evidence of how the online world can influence our social functioning and brain health can be used to begin developing more concrete guidelines and strategies for helping people to maximise the benefits, and minimise the risks, of their own individual 'online lives'.

Senior Author, Dr Josh A. Firth from University of Leeds explained: "Right now, lots of the guidelines and recommendations around internet usage have focused on limiting the amount of time we spend online.

"While there is common sense in reducing our digital device usage to ensure time for healthy 'real world' activities, we are now able to describe how the consequences of our digital device usage are determined by things far beyond just time spent online."

Professor Smith added: "Through drawing together the latest evidence from neuroscience, populational health and psychological studies, this report is able to describe how the positive or negative effects of internet usage for an individual can be influenced by simple things like age and sociodemographic status, along with complex factors around the actual nature of individuals' 'online lives'."
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Could a medicated foam make gene therapies more accessible? | ScienceDaily
Foam mixed with medications is already used to treat conditions such as varicose veins, hemorrhoids, wounds on the skin and even hair loss. Now, Fred Hutch Cancer Center scientists have found that foam might also be used as a vehicle to deliver expensive gene therapies.


						
Published May 28 in Nature Communications, bioengineer Matthias Stephan, MD, PhD, and his Fred Hutch team report that a foaming liquid worked better than a standard liquid formulation at transferring gene therapy components to cells in laboratory studies.

"Gene therapies are the new wave of medicine, but they are extremely expensive and difficult to make," said Stephan, a professor in the Translational and Therapeutics Division at Fred Hutch. "Our gene therapy foam shows for the first time that by taking a small amount of an expensive gene therapy drug, increasing its volume by embedding it in a solution that is mostly made of densely packed air bubbles and then applying it to cells, we can achieve a strong and safe transfer of gene therapy agents to cells."

Gene therapies in development for cancers, infectious diseases, inherited disorders and other diseases hold tremendous promise for providing long-lasting treatments by fixing the underlying biology. However, they also face major barriers including getting the therapies to the parts of the body where they're needed and the high cost of making laboratory-modified viruses called vectors that deliver therapies to diseased cells. Foam could be the key to delivering gene therapies more simply and cheaply.

While the study is proof-of-concept, Stephan envisions the gene therapy foam as a possible solution for treating cancers that are in confined spaces, such as ovarian, pancreatic and gastrointestinal cancer and autoimmune diseases that affect the digestive system.

"The foam could be applied to confined spaces to push again body tissues that have the disease, and the medication in the foam could adhere to those diseased cells," Stephan explained. "Then as the air bubbles pop, the liquid with the gene therapy can drain away."

Stephan has used other materials, such as nanoparticles and a tiny implantable sponge, to deliver genetic instructions to fight disease directly to cells. Looking for a new delivery vehicle, he was inspired by shaving foam.




"Foam is mostly gas bubbles separated by thin liquid films and it is already safely used in medicines and the food industry," Stephan said. "We have not seen foam used with genetic materials, and I wondered if it could help solve the problem of gene therapy delivery."

In the lab

In a series of lab experiments, Stephan and his team examined whether they could take a small amount of very expensive gene therapy vectors, mix them with gene editing materials and different foaming agents, and then apply the mixture to cells to see if the cells would take up the gene edits.

To test their approach, the team used another immune-based therapy: the mRNA for a COVID-19 vaccine, which teaches the immune system to attack the virus by showing the immune system the biological code for what the virus looks like.

The Fred Hutch team made their own solution of a COVID-19 mRNA vaccine with a biological tweak that allowed it to glow once it was delivered to cells. This way, once the lab-engineered gene therapy product was taken up by cells, the team could see it using a microscope.

To develop the foam, the team determined methylcellulose, a food additive used in ice cream and other products, created the best foam for transferring gene therapy product to cells and stayed in place where it was deposited.




When the team mixed the foam with cells, the foam substantially boosted gene transfer and outperformed liquid formulations. Then, when the team injected a small amount of foam into the abdominal cavity of mice, within one day the gene therapy transferred from the foam to the targeted cells without significant side effects.

Beyond the lab

The technology is many years from being used in people. Stephan hopes to attract external academic and industry collaborators to further develop the approach.

"The goal of my work is to make modern medicines work better for people everywhere," Stephan said. "I believe that our future medical breakthroughs will arise from our deep understanding of disease biology and our knack for finding innovative solutions in unexpected places."
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Heart healthy behaviors may help reverse rapid cell aging | ScienceDaily
The benefit of better heart health may be associated with the positive impact of heart healthy lifestyle factors on biological aging (the age of the body and its cells), 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.


						
"Our study findings tell us that no matter what your actual age is, better heart-healthy behaviors and managing heart disease risk factors were associated with a younger biological age and a lower risk of heart disease and stroke, death from heart disease and stroke and death from any cause," said Jiantao Ma, Ph.D., senior study author and an assistant professor in the division of nutrition epidemiology and data science at the Friedman School of Nutrition Science and Policy at Tufts University in Boston.

This study analyzed whether a chemical modification process known as DNA methylation, which regulates gene expression, may be one mechanism by which cardiovascular disease health factors affect cell aging and the risk of death. DNA methylation levels are the most promising biomarker to estimate biological age. To some degree, biological age is determined by your genetic makeup, and it can also be influenced by lifestyle factors and stress.

Researchers examined health data for 5,682 adults (mean age of 56 years; 56% of participants were women) who were enrolled in the Framingham Heart Study, an ongoing, large, multigenerational research project aimed at identifying risk factors for heart disease. Using interviews, physical exams and laboratory tests, all participants were assessed using the American Heart Association's Life's Essential 8 tool. The tool scores cardiovascular health between 0-100 (with 100 being the best) using a composite of four behavioral measures (dietary intake, physical activity, hours slept per night and smoking status) and four clinical measurements (body mass index, cholesterol, blood sugar and blood pressure). Each participant was also assessed using four tools that estimate biological age based on DNA methylation and a fifth tool that assesses a person's genetic tendency towards accelerated biological aging. Participants were followed for 11-14 years for new-onset cardiovascular disease, cardiovascular death or death from any cause.

The analysis found:
    	For each 13-point increase in an individual's Life's Essential 8 score, the risk of developing cardiovascular disease for the first time was reduced by about 35%, death from cardiovascular disease was reduced by 36% and death from any cause was reduced by 29%.
    	In participants with a genetic risk profile making them more likely to have an accelerated biological age, the Life's Essential 8 score had a larger impact on outcomes potentially via DNA methylation, i.e., DNA methylation accounted for 39%, 39%, and 78% reduction in the risk of cardiovascular disease , cardiovascular death and all-cause death, respectively.
    	Overall, about 20% of the association between Life's Essential 8 scores and cardiovascular outcomes was estimated to be due to the impact of cardiovascular health factors on DNA methylation; in contrast, for participants at higher genetic risk, the association was almost 40%.

"While there are a few DNA methylation-based, biological age calculators commercially available, we don't have a good recommendation regarding whether people need to know their epigenetic age," Ma said. "Our message is that everyone should be mindful of the eight heart disease and stroke health factors: eat healthy foods; be more active; quit tobacco; get healthy sleep; manage weight; and maintain healthy cholesterol, blood sugar and blood pressure levels."

Randi Foraker, Ph.D., M.A., FAHA, co-author of the Life's Essential 8: Updating and Enhancing the American Heart Association's Construct of Cardiovascular Health, said the findings are consistent with prior research.




"We know that modifiable risk factors and DNA methylation are independently associated with cardiovascular disease. What this study adds is that DNA methylation may serve as a mediator between risk factors and cardiovascular disease," said Foraker, who is a professor of medicine at the Institute for Informatics, Data Science and Biostatistics and director of the Center for Population Health Informatics, both at Washington University School of Medicine in St. Louis, Missouri. "The study highlights how cardiovascular health can impact biological aging and has important implications for healthy aging and prevention of cardiovascular disease and potentially other health conditions."

Study details, background and design:
    	The study analyzed health data for a subgroup of participants who attended the Framingham Heart Study exams in the offspring group from 2005 to 2008 and the third-generation group from 2008 to 2011.
    	Participants were followed for an average of 14 years for children of original participants and 11 years for the grandchildren.
    	Health outcomes for the analysis included the development of cardiovascular disease (coronary heart disease, heart attack, stroke or heart failure), death from any cardiovascular disease or death from any cause.
    	Results were adjusted for sex, age and alcohol use. Results for all-cause death were adjusted for the presence of cancer (excluding non-melanoma skin cancer) or heart disease at study enrollment. Participants already diagnosed with heart disease at study enrollment were excluded from the analysis of new-onset cardiovascular disease.
    	The four tools to measure DNA methylation-based epigenetic age scores were based on established algorithms for DunedinPACE Score, PhenoAge, DNAmTL and GrimAge. A fifth tool, GrimAge PGS, assessed genetic tendency towards accelerated biological aging.

Because the study is an analysis of previously collected health data, it cannot prove a cause-and-effect relationship between cardiovascular health risk factors and DNA methylation. In addition, DNA methylation measures were from a single time point, which limits the validity of the mediation effect. The study's findings are also limited because the participants were predominantly of European ancestry, so the interactions of Life's Essential 8 and genetic aging found in this study may not be generalizable to people of other races or ethnicities.

"Currently, we are expanding our research to include people of other racial and ethnic groups to further investigate the relationship of cardiovascular risk factors and DNA methylation," Ma said.

According to the American Heart Association's 2024 Heart Disease and Stroke Statistics, heart disease and stroke claimed more lives in the U.S. in 2021 than all forms of cancer and chronic lower respiratory disease combined, and also accounted for approximately 19.91 million global deaths.
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Hitting the target with non-invasive deep brain stimulation: Potential therapy for addiction, depression, and OCD | ScienceDaily
Neurological disorders, such as addiction, depression, and obsessive-compulsive disorder (OCD), affect millions of people worldwide and are often characterized by complex pathologies involving multiple brain regions and circuits. These conditions are notoriously difficult to treat due to the intricate and poorly understood nature of brain functions and the challenge of delivering therapies to deep brain structures without invasive procedures.


						
In the rapidly evolving field of neuroscience, non-invasive brain stimulation is a new hope for understanding and treating a myriad of neurological and psychiatric conditions without surgical intervention or implants. Researchers, led by Friedhelm Hummel, who holds the Defitchech Chair of Clinical Neuroengineering at EPFL's School of Life Sciences, and postdoc Pierre Vassiliadis, are pioneering a new approach in the field, opening frontiers in treating conditions like addiction and depression.

Their research, leveraging transcranial Temporal Interference Electric Stimulation (tTIS), specifically targets deep brain regions that are the control centers of several important cognitive functions and involved in different neurological and psychiatric pathologies. The research, published in Nature Human Behaviour, highlights the interdisciplinary approach that integrates medicine, neuroscience, computation, and engineering to improve our understanding of the brain and develop potentially life-changing therapies.

"Invasive deep brain stimulation (DBS) has already successfully been applied to the deeply seated neural control centers in order to curb addiction and treat Parkinson, OCD or depression," says Hummel. "The key difference with our approach is that it is non-invasive, meaning that we use low-level electrical stimulation on the scalp to target these regions."

Vassiliadis, lead author of the paper, a medical doctor with a joint PhD, describes tTIS as using two pairs of electrodes attached to the scalp to apply weak electrical fields inside the brain. "Up until now, we couldn't specifically target these regions with non-invasive techniques, as the low-level electrical fields would stimulate all the regions between the skull and the deeper zones -- rendering any treatments ineffective. This approach allows us to selectively stimulate deep brain regions that are important in neuropsychiatric disorders," he explains.

The innovative technique is based on the concept of temporal interference, initially explored in rodent models, and now successfully translated to human applications by the EPFL team. In this experiment, one pair of electrodes is set to a frequency of 2,000 Hz, while another is set to 2,080 Hz. Thanks to detailed computational models of the brain structure, the electrodes are specifically positioned on the scalp to ensure that their signals intersect in the target region.

It is at this juncture that the magic of interference occurs: the slight frequency disparity of 80 Hz between the two currents becomes the effective stimulation frequency within the target zone. The brilliance of this method lies in its selectivity; the high base frequencies (e.g., 2,000 Hz) do not stimulate neural activity directly, leaving the intervening brain tissue unaffected and focusing the effect solely on the targeted region.




The focus of this latest research is the human striatum, a key player in reward and reinforcement mechanisms. "We're examining how reinforcement learning, essentially how we learn through rewards, can be influenced by targeting specific brain frequencies," says Vassiliadis. By applying stimulation of the striatum at 80 Hz, the team found they could disrupt its normal functioning, directly affecting the learning process.

The therapeutic potential of their work is immense, particularly for conditions like addiction, apathy and depression, where reward mechanisms play a crucial role. "In addiction, for example, people tend to over-approach rewards. Our method could help reduce this pathological overemphasis," Vassiliadis, who is also a researcher at UCLouvain's Institute of Neuroscience, points out.

Furthermore, the team is exploring how different stimulation patterns can not only disrupt but also potentially enhance brain functions. "This first step was to prove the hypothesis of 80 Hz affecting the striatum, and we did it by disrupting it's functioning. Our research also shows promise in improving motor behavior and increasing striatum activity, particularly in older adults with reduced learning abilities," Vassiliadis adds.

Hummel, a trained neurologist, sees this technology as the beginning of a new chapter in brain stimulation, offering personalized treatment with less invasive methods. "We're looking at a non-invasive approach that allows us to experiment and personalize treatment for deep brain stimulation in the early stages," he says. Another key advantage of tTIS is its minimal side effects. Most participants in their studies reported only mild sensations on the skin, making it a highly tolerable and patient-friendly approach.

Hummel and Vassiliadis are optimistic about the impact of their research. They envision a future where non-invasive neuromodulation therapies could be readily available in hospitals, offering a cost-effective and expansive treatment scope.
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Health risk from global warming predictor of city climate action during COVID-19, study finds | ScienceDaily
Cities around the world were more likely to maintain climate action and enact 'green recovery' long-term plans after the pandemic if local decision-makers were more alert to the health risks of climate change, a new global study has shown.


						
The health benefits of tackling climate change, such as cleaner air and more access to green spaces, were key drivers in city officials' decisions to continue with climate plans despite funding shortfalls caused by the COVID-19 crisis.

Overall, the study showed that enduring and ambitious climate action during the pandemic was more common in cities in the Global South than in Europe or North America, despite greater funding challenges.

Officials in these cities were also more likely to employ successful practices such as partnering with other cities to strengthen climate action plans, or with businesses to bolster sustainability initiatives.

Study first author Dr Tanya O'Garra, from the Centre from Environmental Policy at Imperial College London, and Middlesex University, said: "Nearly 60% of people live in cities worldwide, which can be economically beneficial for them, but city-dwellers are increasingly vulnerable to multiple crises caused by pandemics, conflict and climate change itself.

"City leaders often pave the way with ambitious climate action until calls to tackle these other threats can draw funds away from their climate goals. Because these major challenges are so intertwined, this leaves their populations more vulnerable to all risks.

"If we find out how city officials can maintain action in the face of such challenges, we can help large populations, especially the poorest and most vulnerable to these interconnected risks, avoid the most serious consequences of climate change."

The research, conducted by researchers in Canada, Germany, the Netherlands, the United States and the UK, is published in the journal Nature Cities.




Driving climate action

The team analysed survey data provided by city officials on the Carbon Disclosure Platform (CDP) from 2021, and other sources, to assess how 793 cities globally responded to the COVID-19 crisis in terms of their climate actions, funding and green recovery efforts.

While they found that in the short term, the majority of city decision-makers kept up their climate commitments, green recovery plans were set up in only 43% of cities, suggesting the remainder of the cities are not investing in longer-term climate plans.

Many previous studies of local city-based climate plans have focused on North America and Europe, but in this study 48% of the cities assessed were in the Global South. The results show that, in general, decision-makers for Global South cities have higher ambition in climate action and promoted more green recovery efforts despite facing greater funding shortfalls than cities in Europe and North America.

The team identified two broad reasons underlying city officials' commitments to climate action. The first is exposure to environmental stress: in cities where citizens experience more climate-related issues (for example, climate hazards like floods or droughts, or persistent issues like air pollution) officials are more motivated to pursue sustained climate action.

The second was early engagement with climate and sustainability: the more that city officials had already engaged in addressing climate and sustainability issues (for example, by joining climate networks, or by aligning economic development with sustainability), the more likely these issues had become embedded in city policies, processes and interactions, making them more likely to continue even under a crisis scenario.




Measuring motivations

The team are now conducting in-depth interviews with city planning and administration officials in a selection of the cities. Preliminary interviews with officials in Kochi, India, confirmed the credit for their resilience was due to many of the factors the team had identified in the data.

For example, interviewees identified the benefits of existing coordination between state and local bodies and engagement with different stakeholders in planning, including academics, entrepreneurs, civil society organizations and the public.

They noted that the pandemic also led to an increased focus on climate action in the city, which has also occurred after other natural disasters.
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Public have no difficulty getting to grips with an extra thumb, study finds | ScienceDaily
Cambridge researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects.


						
The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

An emerging area of future technology is motor augmentation -- using motorised wearable devices such as exoskeletons or extra robotic body parts to advance our motor capabilities beyond current biological limitations.

While such devices could improve the quality of life for healthy individuals who want to enhance their productivity, the same technologies can also provide people with disabilities new ways to interact with their environment.

Professor Tamar Makin from the Medical Research Council (MRC) Cognition and Brain Sciences Unit at the University of Cambridge said: "Technology is changing our very definition of what it means to be human, with machines increasingly becoming a part of our everyday lives, and even our minds and bodies.

"These technologies open up exciting new opportunities that can benefit society, but it's vital that we consider how they can help all people equally, especially marginalised communities who are often excluded from innovation research and development. To ensure everyone will have the opportunity to participate and benefit from these exciting advances, we need to explicitly integrate and measure inclusivity during the earliest possible stages of the research and development process."

Dani Clode, a collaborator within Professor Makin's lab, has developed the Third Thumb, an extra robotic thumb aimed at increasing the wearer's range of movement, enhancing their grasping capability and expanding the carrying capacity of the hand. This allows the user to perform tasks that might be otherwise challenging or impossible to complete with one hand or to perform complex multi-handed tasks without having to coordinate with other people.




The Third Thumb is worn on the opposite side of the palm to the biological thumb and controlled by a pressure sensor placed under each big toe or foot. Pressure from the right toe pulls the Thumb across the hand, while the pressure exerted with the left toe pulls the Thumb up toward the fingers. The extent of the Thumb's movement is proportional to the pressure applied, and releasing pressure moves it back to its original position.

In 2022, the team had the opportunity to test the Third Thumb at the annual Royal Society Summer Science Exhibition, where members of the public of all ages were able to use the device during different tasks. The results are published today in Science Robotics.

Over the course of five days, the team tested 596 participants, ranging in age from three to 96 years old and from a wide range of demographic backgrounds. Of these, only four were unable to use the Third Thumb, either because it did not fit their hand securely, or because they were unable to control it with their feet (the pressure sensors developed specifically for the exhibition were not suitable for very lightweight children).

Participants were given up to a minute to familiarise themselves with the device, during which time the team explained how to perform one of two tasks.

The first task involved picking up pegs from a pegboard one at a time with just the Third Thumb and placing them in a basket. Participants were asked to move as many pegs as possible in 60 seconds. 333 participants completed this task.

The second task involved using the Third Thumb together with the wearer's biological hand to manipulate and move five or six different foam objects. The objects were of various shapes that required different manipulations to be used, increasing the dexterity of the task. Again, participants were asked to move as many objects as they could into the basket within a maximum of 60 seconds. 246 participants completed this task.




Almost everyone was able to use the device straightaway. 98% of participants were able to successfully manipulate objects using the Third Thumb during the first minute of use, with only 13 participants unable to perform the task.

Ability levels between participants were varied, but there were no differences in performance between genders, nor did handedness change performance -- despite the Thumb always being worn on the right hand. There was no definitive evidence that people who might be considered 'good with their hands' -- for example, they were learning to play a musical instrument, or their jobs involved manual dexterity -- were any better at the tasks.

Older and younger adults had a similar level of ability when using the new technology, though further investigation just within the older adults age bracket revealed a decline in performance with increasing age. The researchers say this effect could be due to the general degradation in sensorimotor and cognitive abilities that are associated with ageing and may also reflect a generational relationship to technology.

Performance was generally poorer among younger children. Six out of the 13 participants that could not complete the task were below the age of 10 years old, and of those that did complete the task, the youngest children tended to perform worse compared to older children. But even older children (aged 12-16 years) struggled more than young adults.

Dani said: "Augmentation is about designing a new relationship with technology -- creating something that extends beyond being merely a tool to becoming an extension of the body itself. Given the diversity of bodies, it's crucial that the design stage of wearable technology is as inclusive as possible. It's equally important that these devices are accessible and functional for a wide range of users. Additionally, they should be easy for people to learn and use quickly."

Co-author Lucy Dowdall, also from the MRC Cognition and Brain Science Unit, added: "If motor augmentation -- and even broader human-machine interactions -- are to be successful, they'll need to integrate seamlessly with the user's motor and cognitive abilities. We'll need to factor in different ages, genders, weight, lifestyles, disabilities -- as well as people's cultural, financial backgrounds, and even likes or dislikes of technology. Physical testing of large and diverse groups of individuals is essential to achieve this goal."

There are countless examples of where a lack of inclusive design considerations has led to technological failure:
    	Automated speech recognition systems that convert spoken language to text have been shown to perform better listening to white voices over Black voices.
    	Some augmented reality technologies have been found to be less effective for users with darker skin tones.
    	Women face a higher health risk from car accidents, due to car seats and seatbelts being primarily designed to accommodate 'average' male-sized dummies during crash testing.
    	Hazardous power and industrial tools designed for a right-hand dominant use or grip have resulted in more accidents when operated by left-handers forced to use their non-dominant hand.

This research was funded by the European Research Council, Wellcome, the Medical Research Council and Engineering and Physical Sciences Research Council.
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Bird flu: Diverse range of vaccines platforms 'crucial' for enhancing human pandemic preparedness | ScienceDaily
Vaccination remains the most effective strategy for avian influenza prevention and control in humans, despite varying vaccine efficacy across strains.


						
That's according to the authors of a new review which delves into existing research into bird flu vaccines for humans.

Published in the peer-reviewed journal Human Vaccines & Immunotherapeutics, the results of the paper are particularly timely following news last week (Wednesday 22nd May) that the bird flu strain H5N1 had once again, for a second time, jumped from cattle in America to a human -- prompting fears of subsequent human-to-human infection, with possible critical consequences.

Instances of the avian influenza were first recognized in US cattle in March. Since then, this strain has mainly spread from cow-to-cow and scientists have discovered very high levels of virus in raw milk (pasteurized milk is safe, having shown viral RNA but not infectious virus). To-date two people, however, are known to have contracted the bird flu virus. Both patients -- US farmers -- only reported eye symptoms and with treatment they made a full recovery.

Following tests on the first human instance, it was seen that the strain had mutated to be better adapted to mammalian cells, but as long as that human didn't pass it onto another person it likely stopped the spread at that point. With the second case, the CDC has released a statement to say it has been monitoring influenza surveillance systems intently, especially in impacted states. "There has been no sign of unusual influenza activity in people, including in syndromic surveillance," they report.

The concern now, though, is that if H5N1 continues to be given the environment in which to mutate (such as in close quarter cattle farms) -- and this continues long enough -- it has the potential to find a combination that will easily spread to humans.

The results of this new research, carried out by a team at the University of Georgia, USA, suggests vaccines still remain our "primary defense" against potential spread of avian influenzas such as the H5N1 and others assessed.




"The H5N1, H7N9, and H9N2 subtypes of avian influenza virus pose a dual threat, not only causing significant economic losses to the global poultry industry but also presenting a pressing public health concern due to documented spillover events and human cases," explains lead author Flavio Cargnin Faccin, who alongside his mentor Dr. Daniel Perez of the University of Georgia, USA, analyzed the current landscape of research into human vaccines for these bird flus.

"This deep delve into the landscape of avian influenza vaccines for humans shows vaccination remains the primary defense against the spread of these viruses."

The team examined studies of vaccines tested in mice, ferrets, non-human primates, and clinical trials of bird flu vaccines in humans, and assessed both established platforms and promising new directions.

The review carried out suggests inactivated vaccines are a safe and affordable option that primarily activate humoral immunity -- the part of our immune system that produces antibodies.

Live attenuated influenza vaccines (LAIVs) are known to induce a wider immune response than inactivated vaccines, activating not only antibody production but also mucosal and cellular defenses. In this review, the authors suggest this broader response may offer greater protection, though, the authors suggest further research is needed to fully understand and harness its potential benefits for both human and agricultural applications.

The review also examined alternatives, such as virus-like particle (VLP) vaccines and messenger RNA (mRNA) vaccines, that have emerged more recently. Although VLP vaccines for bird flu have limited clinical trial data in humans, results from studies in mice and ferrets showed promise, the authors found. mRNA vaccines against H5N1 and H7N9 bird flu subtypes also generated a rapid and strong immune response in mice and ferrets, and, while data in humans is scarce, results from a phase 1 study of an H7N9 mRNA vaccine in healthy humans were "encouraging."

Overall, the team suggests "exploring and employing a diverse range of vaccine platforms," will be "crucial for enhancing pandemic preparedness and mitigating the threat of avian influenza viruses."
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Intermittent fasting shows promise in improving gut health, weight management | ScienceDaily
A new study by researchers from Arizona State University and their colleagues highlights a dietary strategy for significant health improvement and weight management.


						
Participants following an intermittent fasting and protein-pacing regimen, which involves evenly spaced protein intake throughout the day, saw better gut health, weight loss and metabolic responses. These benefits were notably greater than those seen with simple calorie restriction.

The findings, reported today in the journal Nature Communications, could advance our understanding of the relationship between the gut microbiome and metabolism and improve strategies for managing obesity.

The researchers compared the effects of two low-calorie dietary interventions: a heart-healthy continuous calorie-restricted diet (based on USDA dietary recommendations), and a calorie-restricted regimen incorporating intermittent fasting and protein pacing.

The trial was conducted with 41 individuals who were overweight or obese over a period of eight weeks. Individuals in the intermittent fasting and protein-pacing group showed a decrease in symptoms of gastrointestinal problems and an increase in diversity of the gut microbiota compared with those in the calorie-restriction group.

The intermittent fasting protocol increased beneficial microbes in the gut that have been linked to a lean body type and improved overall health. Additionally, it increased the levels of certain proteins (cytokines) in the blood associated with weight loss, as well as amino acid byproducts that promote fat burning.

Intermittent fasting is an eating pattern that cycles between periods of fasting and eating. The method has recently gained popularity for its potential health benefits, including weight loss, improved metabolic health and enhanced brain function.




"Given the gut microbiota's location and its constant interaction with the GI tract, we have been gaining a deeper understanding of its pivotal role in dietary responses these last several years," says Alex Mohr, lead author of the new study. "While limited in duration and sample size, this comprehensive investigation -- which included the analysis of the gut microbiome, cytokines, fecal short-chain fatty acids and blood metabolites -- underscores the intricate interplay between diet, host metabolism and microbial communities."

Mohr led the microbiome and molecular investigations, evaluating gut microbial composition, inflammatory molecules called cytokines, SCFAs (metabolites derived from dietary fiber, important for regulating energy balance) and the metabolome.

Mohr is a researcher with the Biodesign Center for Health Through Microbiomes at ASU. Rosa Krajmalnik-Brown, the center director, and researchers Devin Bowes, Karen Sweazea and Corrie Whisner are also contributors to the study.

Corresponding author Paul Anciero of the Department of Health and Human Physiological Sciences at Skidmore College led the clinical trial, which tracked weight loss and body composition.

The study also included contributions from ASU researchers Paniz Jasbi and Judith Klein-Seetharaman, with the School of Molecular Sciences, and Dorothy Sears and Haiwei Gu, with the College of Health Solutions.

Diet, microbiome and weight loss

The gut microbiome refers to the diverse community of microorganisms residing in the gastrointestinal tract, including bacteria, viruses, fungi and other microbes. Numbering in the many trillions of organisms, this complex ecosystem plays a crucial role in essential bodily functions and overall health.




The gut microbiome helps break down food, produce vitamins and promote the absorption of nutrients. It plays a role in the development and function of the immune system by protecting the body against harmful pathogens. Finally, the gut microbiome keenly regulates metabolism, impacting body weight, fat storage and insulin sensitivity.

Caloric restriction, intermittent fasting (limiting food consumption to certain windows on some days) and protein pacing (controlled protein intake at specific meals) have been shown to affect body weight and composition, but the effect of these dietary modifications on the gut microbiome has been unclear until now.

"A healthy gut microbiome is essential for overall health, particularly in managing obesity and metabolic diseases," says Sweazea, the ASU principal investigator of this Isagenix-funded study. "The gut bacteria influence how we store fat, balance glucose levels and respond to hormones that make us feel hungry or full. Disruptions in the gut microbiota can lead to increased inflammation, insulin resistance and weight gain, underscoring the critical role of gut health in preventing and managing metabolic disorders."

Study and findings

The clinical trial involved 27 female and 14 male participants who were overweight or obese. Participants were divided into two groups: one following the intermittent fasting and protein pacing regimen, and the other adhering to a heart-healthy, calorie-restricted diet. Both groups were monitored over eight weeks for changes in weight, body composition, gut microbiome composition and plasma metabolomic signatures.

Participants following the intermittent fasting and protein pacing regimen experienced a significant reduction in gut symptoms and an increase in beneficial gut bacteria, particularly from the Christensenellaceae family. The study also found these microbes are associated with improved fat oxidation and metabolic health. In contrast, the calorie-restricted group showed an increase in metabolites linked to longevity-related pathways.

Despite both groups having similar average weekly energy intake, the intermittent fasting and protein pacing group achieved greater weight loss and fat reduction with an average loss of 8.81% of their initial body weights during the study. In comparison, those on a calorie-restricted diet lost an average of 5.4% body weight.

Participants who followed the intermittent fasting and protein-pacing diet experienced reductions in overall body fat, including belly fat and deep abdominal fat, and saw an increase in the percentage of lean body mass.

The study underscores the potential of intermittent fasting and protein-pacing diets in improving gut health and weight management. While further research is necessary, these findings offer a promising avenue for creating effective dietary interventions for obesity and related metabolic disorders.

"By identifying shifts in specific microbes, functional pathways and associated metabolites, this line of work holds promise for personalized health strategies as we can better tailor nutritional regimens to enhance gut function and metabolic outcomes," Mohr says.

Additional institutions contributing to the study: Systems Precision Engineering and Advanced Research (SPEAR); Center of Translational Science, Florida International University; Isagenix International LLC; and the School of Health and Rehabilitation Sciences, Department of Sports Medicine and Nutrition, University of Pittsburgh.
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Altering cancer treatment dosing could reduce climate impact, study finds | ScienceDaily

The team looked at 7,813 veterans receiving the immunotherapy treatment pembrolizumab through the Veterans Health Administration. Pembrolizumab is an intravenous treatment that is often given every three weeks at a standard, one-size-fits-all dose of 200 milligrams. Researchers estimated the environmental impact of patients coming in for this care every three weeks: carbon dioxide emissions from patients' transportation to and from the clinic, manufacturing of the drug, and medical waste like needles, tubing and bags used during the compounding and infusing process.

Then they considered alternative scenarios. What if patients received 400 milligrams of pembrolizumab every six weeks, a dose approved by the U.S. Food and Drug Administration? What if they received a dose proportionate to their weight instead of the standard dose, as pembrolizumab was originally approved by FDA? Data suggests these approaches achieve cancer outcomes equivalent to the standard three-week flat dosing and likely reduce the burdens of cancer treatment that patients face.

They found that for this cohort of patients, extending treatments to every six weeks instead of every three weeks would have required 15,000 fewer infusions. That means 15,000 fewer trips to the clinic and 15,000 fewer incidents of compounding and infusing treatments. In total, this change would reduce greenhouse gas emissions in just the VHA by 200 tons per year. Results are published in The Lancet Oncology.

"As providers, every time we're with a patient we're faced with this litany of decisions that both we and the patient have to make. Those decisions -- every three week dosing or every six week dosing -- seem small but they really add up," said study author Garth W. Strohbehn, M.D., M.Phil., assistant professor of internal medicine at Michigan Medicine.

Next, researchers looked at the impact that the reduced carbon emissions could have on climate change and human health -- not just for the person with cancer, but for all of us, due to rising global temperatures. The model indicates that by continuing the current trends in pembrolizumab dosing instead of changing to less-frequent dosing, about three more people will die per year between now and 2100 because of the extra greenhouse gas emissions.

"There will more than likely be folks completely uninvolved in cancer care who are harmed by choosing to dose this medicine the way that we do. It doesn't need to happen," said Strohbehn, who is also a member of the U-M Institute for Healthcare Policy and Innovation and early career research scientist at the VA Ann Arbor Center for Clinical Management Research.




"That's the point we're trying to make here: There are likely to be health costs that non-patients in a society can expect to bear when we choose to practice cancer care the way we do. Do we have a moral obligation to change the way we're doing things if the patient in front of us is not harmed by it?"

Patient transportation to and from appointments was the biggest driver of carbon emissions, researchers found, which suggests that less-frequent infusion treatments would not only help the environment but also potentially improve patient quality of life due to fewer trips to the hospital. Researchers also estimated significant cost savings for VHA from the alternative dosing regimens since the total amount of drug used with the weight-based doses is lower than the one-size-fits-all approach, echoing earlier findings from Strohbehn's team.

The study authors suggest that multiple policy actions would need to be aligned to facility this change. They suggest payers could develop targeted incentives around environmentally conscious care. Professional societies could alter guidelines with environmental sustainability in mind, where patient outcomes are not expected to be impacted by the adoption of more sustainable care. Requiring environmental report cards for individual drugs at the time of approval could also increase awareness.

"I think there's value in holding a mirror up to the conventional system and encouraging self-reflection," Strohbehn said.
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Optimal cancer-killing t cells discovered | ScienceDaily
A team of cancer researchers, led by the University of Houston, has discovered a new subset of T cells that may improve the outcome for patients treated with T-cell therapies.


						
T cell-based immunotherapy has tremendous value to fight, and often eliminate, cancer. The strategy activates a patient's immune system and engineers a patient's own T cells to recognize, attack and kill cancer cells. In this way, the body's own T cells become living drugs.

While T-cell immunotherapy has revolutionized cancer treatment, there is still much to learn. Unfortunately, not all patients respond to these therapies, so a better understanding of the properties of engineered T cells is necessary to improve clinical responses.

One such study, supported by a grant from the National Institutes of Health, is reported in Nature Cancer by the laboratory of Navin Varadarajan, M.D. Anderson Professor in the William A. Brookshire Department of Chemical and Biomolecular Engineering. The study uses the patented TIMING (Timelapse Imaging Microscopy in Nanowell Grids) approach which applies visual AI to evaluate cell behavior, movement and ability to kill.

"Our results showed that a subset of T cells, labeled as CD8-fit T cells, are capable of high motility and serial killing, found uniquely in patients with clinical response," reports first author and recent UH graduate Ali Rezvan in Nature Cancer. In addition to the UH team, collaborators include Sattva Neelapu and Harjeet Singh, The University of Texas MD Anderson Cancer Center, Houston; Mike Mattie, Kite Pharma; Nabil Ahmed, Texas Children's Hospital, Baylor College of Medicine, Houston; and Mohsen Fathi, CellChorus.

To discover the CD8-fit cells, the team used TIMING to track interactions between individual T cells and tumor cells across thousands of cells and integrated the results with single-cell RNA sequencing data.

"Chimeric antigen receptors (CAR) T cells used for the treatment of B cell malignancies can identify T-cell subsets with superior clinical activity. Using infusion products of patients with large B cell lymphoma, we integrated functional profiling using TIMING with subcellular profiling and scRNA-seq to identify a signature of multifunctional CD8 T cells (CD8-fit)," said Rezvan. "We profiled these cells using single-cell RNA sequencing to identify the CD8-fit molecular signature that could be used to predict durable patient outcomes to T-cell therapies and validated our findings with independent datasets."

The team also found that the CD8-fit signature is present in pre-manufactured T cells, longitudinally persists in patients post-infusion, and most importantly, is associated with long-term positive clinical responses. According to the researchers, it is likely that these T cells can drive clinical benefit in other tumors.

"This work illustrates the excellence of graduate students Ali Rezvan and Melisa Montalvo; and post-doctoral researchers Melisa Martinez-Paniagua and Irfan Bandey among others," said Varadarajan.

CellChorus, a spinoff from Varadarajan's Single Cell Lab at UH, is developing the AI-powered TIMING platform. The company recently announced a $2.5 million Small Business Innovation Research grant from the National Center for Advancing Translational Sciences of the National Institutes of Health to advance TIMING for cell therapy applications.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240528174410.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Circadian clock can be leveraged to enhance cancer immunotherapy | ScienceDaily
A multidisciplinary research team at the University of California, Irvine has revealed that the circadian clock -- the biological pacemaker that governs daily rhythms in physiological processes, including immune functions -- can be leveraged to enhance the efficacy of checkpoint inhibitor cancer therapy. Checkpoint inhibitors block different proteins from binding to tumor cells, allowing the immune system's T cells to kill the tumor.


						
The study, published online today in the journal Nature Immunology, provides deeper insights into the intricate relationship among the circadian clock, immune regulation and tumor development and found that a therapeutic approach optimizing time-of-day delivery based on an individual's unique circadian patterns offers new avenues for prevention and treatment.

"Disruption of the internal biological pacemaker is an inherent aspect of modern society that may contribute to the rising incidence of many cancer types. We found that proper regulation of circadian rhythms is necessary to suppress inflammation and support peak immune function," said corresponding author Selma Masri, UC Irvine associate professor of biological chemistry. "Understanding precisely how circadian disruption promotes disease progression could lead to behavior modification to reduce cancer risk."

Team members used an advanced single-cell RNA sequencing technique in a genetic model of colorectal cancer and identified clock-dependent changes controlling the number of myeloid-derived cells that suppress T cell activation. They discovered that disruption of the internal clock in the epithelial cells lining the intestine alters secretion of cytokine proteins, leading to heightened inflammation, increased numbers of immunosuppressive myeloid cells and cancer progression. These findings were leveraged to demonstrate that providing immunotherapy at the time of day when these immunosuppressive myeloid cells are most abundant significantly enhanced the efficacy of immune checkpoint blockades in solid tumors.

"As we enhance our understanding of the fundamental mechanism of circadian regulation of immunity, we will be able to harness the power of the body's natural rhythms to fight cancer and develop more personalized and effective treatment strategies," said lead author Bridget Fortin, a UC Irvine doctoral student in the Department of Biological Chemistry.

While this study represents a significant step forward in defining circadian control of anti-tumor immunity, the team believes future research should focus on exploring additional factors and cell types influencing time-of-day response to checkpoint inhibitor therapy.

Other team members included UC Irvine School of Medicine graduate students and faculty from the departments of biological chemistry, physiology and biophysics, surgery, and medicine.

This work was supported by the National Cancer Institute, the V Foundation and Johnson & Johnson, among others.
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Cell-targeting technology allows researchers to isolate neuronal subpopulations and link them to behavioral states | ScienceDaily
Scientists have designed an intersectional technique for precisely targeting subpopulations of cells and parsing out specific functions.


						
As gene sequencing technologies become more powerful, our understanding of cellular diversity has grown in parallel. This led scientists at St. Jude Children's Research Hospital to create a tool to improve the ease and accuracy with which investigators can study specific subpopulations of cells. The tool, named Conditional Viral Expression by Ribozyme Guided Degradation (ConVERGD), allows researchers to specifically access these subgroups of cells and precisely manipulate them based on multiple features of the cell.

ConVERGD offers numerous advantages over existing intersectional expression platforms by accommodating more complex genetic payloads and increased adaptability. The researchers demonstrated the utility of ConVERGD by studying a previously unidentified subpopulation of norepinephrine neurons. The work demonstrates the substantial impact that investigations into cellular subpopulations could have on fundamental research and health care. The findings were published today in Nature Neuroscience.

Same type of cells, different functions

For Lindsay Schwarz, PhD, St. Jude Department of Developmental Neurobiology, necessity drove invention as she explored the neuronal cell landscape, and in particular, neuronal cells that produce norepinephrine. "Norepinephrine neurons have been thought to be just one type of neuron. But when they're activated in the brain, they can cause a lot of different types of behavior, such as enhancing attention and memory formation or eliciting a stress response or fight-or-flight response," Schwarz said. "But if it's only one type of neuron releasing this one molecule, then how does it make you do different things?"

To explore such questions requires the ability to selectively interrogate cellular subpopulations with extreme prejudice. To this end, Schwarz found all attempts using current practices were coming up short. "We didn't go into this project thinking we would build a new tool, but it seemed like a need in the community."

Improving on current cellular subpopulation targeting technology

Targeting subpopulations of cells requires passing them through several genetic filters. These intersectional filters interrogate what genes the cells express and what pathways and connections they make, parsing out the different subpopulations so that researchers can focus on a select group of isolated cells.




The use of adeno-associated virus (AAV)-based reporter tools which can deliver genetic material into specific cells with high precision is an ideal approach for applying these intersectional filters. These reporter tools are used to label or monitor gene expression and protein localization within specific cells or regions. However, they can be complex to design and offer a limited amount of space within them.

"One of our main goals was to design a tool where your gene of interest only got expressed when conveyed with multiple features but is really easy for end users to modify and put in whatever genes they want," explained Schwarz.

Robust ribozymes offer next-generation specificity

Schwarz and first author Alex Hughes, PhD, a graduate of the St. Jude Graduate School of Biomedical Sciences, currently of the Allen Institute for Brain Science, leveraged two separate technologies in the design of ConVERGD, namely AAV-based reporter technology and inspiration from the world of ribozymes, strands of RNA that can behave like enzymes by catalyzing biochemical reactions.

Importantly, ribozymes can be engineered to control the on/off switch for gene expression with extreme precision. "We initially heard about ribozymes from a journal club that was thinking more therapeutically about how to use AAVs," Schwarz said. "Alex came back and figured that he could come up with a way to utilize these in neuroscience tools."

Exciting for the neuroscience community and beyond

As a proof-of-concept, Schwarz and Hughes used ConVERGD to interrogate a subpopulation of norepinephrine neurons. "Collectively, norepinephrine neurons do a lot of different things," Schwarz explained. "The subset we were targeting makes norepinephrine, but they also make this other opioid peptide called dynorphin, which hasn't been characterized in these neurons before. With ConVERGD, we found that activating just these dynorphin-expressing neurons was enough to elicit an anxiety response."




By parsing out the functions and assigning them to a subpopulation of cells, Schwarz is hopeful that targeted therapy is a possibility. "We treat anxiety and depression with drugs that target norepinephrine signaling, but they target it globally," Schwarz said. "You're also going to see a detriment to other important functions for norepinephrine that you don't want to see. Targeting these neurons more specifically could help to ameliorate that."

The work will have ripple effects outside of St. Jude. "We're really excited about this for the community," Schwarz said. "ConVERGD should be amenable to any tissue. It could be useful beyond neuroscience."
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Mechanisms for selective multiple sclerosis treatment strategy | ScienceDaily
The Wistar Institute's Paul M. Lieberman, Ph.D., and lab team led by senior staff scientist and first author, Samantha Soldan, Ph.D., have demonstrated how B cells infected with the Epstein-Barr virus (EBV) can contribute to a pathogenic, inflammatory phenotype that contributes to multiple sclerosis (MS); the group has also shown how these problematic B cells can be selectively targeted in a way that reduces the damaging autoimmune response of multiple sclerosis. The lab's findings were published in Nature Microbiology in the paper, "Multiple sclerosis patient derived spontaneous B cells have distinct EBV and host gene expression profiles in active disease."


						
EBV -- a usually inactive, or latent, herpesvirus -- affects most of the human population; more than 90% of people carry the virus as a passive, typically symptomless infection. However, EBV infection has been linked to several diseases, including MS: an incurable, chronic autoimmune disease that causes the body's immune system to attack the myelin sheath of neurons in the brain and nervous system. Because myelin sheathing facilitates fast nervous system signaling (the fatty insulation of myelin along a neuron's axon allows electrical impulses to travel through neuronal networks faster), its degradation can cause a wide variety of symptoms in both type and severity that may include motor control disruption, sensory issues, and speech difficulties.

Though researchers know that EBV can contribute to the development of MS, the exact mechanisms by which it does so aren't completely understood. The Lieberman lab, in seeking to understand how EBV contributes to the development of MS, collaborated with Steven Jacobson, Ph.D., of the Neuroimmunology Branch at the National Institute of Neurological Disorders and Stroke, who contributed cell line samples from patients. The research team analyzed spontaneous lymphoblastoid cell line (SLCL) cell samples from a healthy control group; a group of patients with active MS (as opposed to so-called stable MS; the disease is characterized by unpredictable periods of flare-ups and eased symptoms); and a group of patients with stable MS.

B cells are crucial cells of the immune system that help regulate the body's immune responses; they have also been implicated in autoimmune conditions due to their role as mediators of which biological signals warrant immune response. And B cells, when infected with EBV, become immortalized -- that is, the cells are no longer constrained by senescence, so they can continue to divide an indefinite number of times -- as "lymphoblastoid cell lines," or LCLs. This immortalized B cell state can occur spontaneously within the body as a result of EBV infection, which is how the Lieberman lab was able to extract immortalized SLCL samples for study from the different patient groups.

Having obtained the matched samples, Dr. Lieberman and his team conducted genetic analyses of the SLCLs and confirmed that the MS-positive sample groups showed greater expression of genes associated with lytic EBV ("lytic" describes when latent viruses like EBV become active); they also saw increased inflammatory signaling and expression of the FOXP1 protein, the latter of which was shown to promote lytic EBV gene expression. As a whole, the group's findings suggested a mechanism of lytic EBV in MS that promoted inflammation and disease.

Diving further, Lieberman's group tested several antiviral compounds on all SLCL groups and found that one, TAF, reduced lytic EBV gene expression without killing the cells. TAF also significantly reduced the expression of inflammatory cytokines like IL-6 in the SLCLs from the patients with active MS. Finally, when cultured SLCLs from active MS, stable MS, and controls were administered TAF in the presence of antiviral T cells, the T cell response (a major factor in the autoimmune dysfunction of MS) was reduced in SLCLs from patients with MS but not reduced in the control SLCLs -- an indication that TAF treatment has potential as a selectively cytotoxic anti-lytic treatment for MS.

"Our work with these SLCLs shows that the problematic inflammation signaling from lytic EBV can be selectively targeted in a way that demonstrably reduces damaging immune responses," said Dr. Lieberman. "We're excited about expanding this concept further; we have the potential to see whether TAF or other inhibitors of EBV might be a viable treatment for multiple sclerosis that can stop the autoimmune damage without causing wide-ranging and dangerous cell death."
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'Cloaked' proteins deliver cancer-killing therapeutics into cells | ScienceDaily
Cornell University scientists have designed a way to "cloak" proteins in a generalized technique that could lead to repurposing things like antibodies for biological research and therapeutic applications.


						
The "cloaked" proteins can be captured by lipid nanoparticles, which are akin to tiny bubbles of fat. These bubbles are small enough to sneak their hidden cargo into living cells, where the proteins uncloak and exert their therapeutic effect.

The group's paper published in ACS Central Science. The lead author is doctoral student Azmain Alamgir, who works in the labs of the paper's co-senior authors, Chris Alabi, associate professor of chemical and biomolecular engineering, and Matt DeLisa, professor of engineering.

For some drugs to impact a cell's biology, and ultimately treat disease, they need to get inside the cell and reach a specific space. Protein-based therapeutics have many virtues -- they can have more specific effects, with lower toxicity and diminished immune response -- but ease of delivery is not one of them. Proteins are large and cumbersome and don't freely diffuse into cells as easily as small molecules do.

"We had been looking for a clever way to efficiently get our engineered proteins inside of cells, especially in a translational context that would not only work in lab-cultured cells, but that would also be effective and safe in animal models and eventually in humans," DeLisa said.

The researchers had the broad idea of using a bioconjugation approach that would allow the proteins to be loaded into lipid nanoparticles, which form around nucleic acids. A major advantage of this approach was that lipid nanoparticles were a key component in the successful COVID-19 vaccines developed by Pfizer-BioNTech and Moderna.

Those vaccines worked by delivering a payload in the form of messenger RNA, which are nucleic acids. The researchers now would use the same lipid nanoparticle delivery concept -- the same materials even -- but with a protein payload. The trick would be to make proteins look more like nucleic acids.

The researchers found they could accomplish this by "cloaking" the proteins with a negatively charged ion, so they would join with the positively charged lipids electrostatically.

"The crux of our strategy is conceptually very simple," Alamgir said. "We're taking proteins and specifically remodeling their surfaces with negative charges, so they look like nucleic acids and can similarly assemble into nanoparticles when formulated with the characteristic lipids."

The team successfully demonstrated the cloaking method with lysine-reactive sulfonated compounds, killing cancer cells with ribonuclease A and inhibiting tumor signaling with monoclonal immunoglobulin G (IgG) antibodies.
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Is it a sound of music...or of speech? Scientists uncover how our brains try to tell the difference | ScienceDaily
Music and speech are among the most frequent types of sounds we hear. But how do we identify what we think are differences between the two?


						
An international team of researchers mapped out this process through a series of experiments -- yielding insights that offer a potential means to optimize therapeutic programs that use music to regain the ability to speak in addressing aphasia. This language disorder afflicts more than 1 in 300 Americans each year, including Wendy Williams and Bruce Willis.

"Although music and speech are different in many ways, ranging from pitch to timbre to sound texture, our results show that the auditory system uses strikingly simple acoustic parameters to distinguish music and speech," explains Andrew Chang, a postdoctoral fellow in New York University's Department of Psychology and the lead author of the paper, which appears in the journal PLOS Biology. "Overall, slower and steady sound clips of mere noise sound more like music while the faster and irregular clips sound more like speech."

Scientists gauge the rate of signals by precise units of measurement: Hertz (Hz). A larger number of Hz means a greater number of occurrences (or cycles) per second than a lower number. For instance, people typically walk at a pace of 1.5 to 2 steps per second, which is 1.5-2 Hz. The beat of Stevie Wonder's 1972 hit "Superstition" is approximately 1.6 Hz, while Anna Karina's 1967 smash "Roller Girl" clocks in at 2 Hz. Speech, in contrast, is typically two to three times faster than that at 4-5 Hz.

It has been well documented that a song's volume, or loudness, over time -- what's known as "amplitude modulation" -- is relatively steady at 1-2 Hz. By contrast, the amplitude modulation of speech is typically 4-5 Hz, meaning its volume changes frequently.

Despite the ubiquity and familiarity of music and speech, scientists previously lacked clear understanding of how we effortlessly and automatically identify a sound as music or speech.

To better understand this process in their PLOS Biology study, Chang and colleagues conducted a series of four experiments in which more than 300 participants listened to a series of audio segments of synthesized music- and speech-like noise of various amplitude modulation speeds and regularity.




The audio noise clips allowed only the detection of volume and speed. The participants were asked to judge whether these ambiguous noise clips, which they were told were noise-masked music or speech, sounded like music or speech. Observing the pattern of participants sorting hundreds of noise clips as either music or speech revealed how much each speed and/or regularity feature affected their judgment between music and speech. It is the auditory version of "seeing faces in the cloud," the scientists conclude: If there's a certain feature in the soundwave that matches listeners' idea of how music or speech should be, even a white noise clip can sound like music or speech. Examples of both music and speech may be downloaded from the research page.

The results showed that our auditory system uses surprisingly simple and basic acoustic parameters to distinguish music and speech: to participants, clips with slower rates (<2Hz) and more regular amplitude modulation sounded more like music, while clips with higher rates (~4Hz) and more irregular amplitude modulation sounded more like speech.

Knowing how the human brain differentiates between music and speech can potentially benefit people with auditory or language disorders such as aphasia, the authors note. Melodic intonation therapy, for instance, is a promising approach to train people with aphasia to sing what they want to say, using their intact "musical mechanisms" to bypass damaged speech mechanisms. Therefore, knowing what makes music and speech similar or distinct in the brain can help design more effective rehabilitation programs.

The paper's other authors were Xiangbin Teng of Chinese University of Hong Kong, M. Florencia Assaneo of National Autonomous University of Mexico (UNAM), and David Poeppel, a professor in NYU's Department of Psychology and managing director of the Ernst Strungmann Institute for Neuroscience in Frankfurt, Germany.

The research was supported by a grant from the National Institute on Deafness and Other Communication Disorders, part of the National Institutes of Health (F32DC018205), and Leon Levy Scholarships in Neuroscience.
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Fatherhood's hidden heart health toll | ScienceDaily
Heart disease is the leading cause of death among men, and being a father may put men at an even greater risk of poor heart health later in life, reports a new study from scientists at Northwestern University and Ann & Robert H. Lurie Children's Hospital of Chicago.


						
The study of 2,814 men between the ages of 45 and 84 found cardiovascular health in older age was worse for fathers compared to nonfathers. Study participants' heart health was rated based on their diet, physical activity, smoking habits, weight, blood pressure, and level of lipids and glucose in their blood.

"The changes in heart health we found suggest that the added responsibility of childcare and the stress of transitioning to fatherhood may make it difficult for men to maintain a healthy lifestyle, such as a healthy diet and exercise," said corresponding author Dr. John James Parker, an internist, pediatrician and assistant professor of pediatrics and general internal medicine at Northwestern University Feinberg School of Medicine.

"We really need to study fathers as a unique population and track men's health outcomes as they become fathers. Cardiovascular health is especially important since the health behaviors and factors are all modifiable."

The study was published as a peer-reviewed preprint earlier this month in the journal AJPM Focus with a more finalized version publishing soon.

Fathers have worse heart health but lower death rates

Despite fathers in the study having worse hearth health in older age, the study found they actually have lower rates of death than nonfathers. Parker said this conflicting association could be because fathers may have a more robust social support system, and social connectedness has been linked with lower mortality.




"Fathers may also be more likely to have someone as their future caretaker (i.e., their children) to help them attend medical appointments and manage medications and treatments as they get older," Parker said. "We also found that fathers had lower rates of depressive symptoms than nonfathers, so mental health may be contributing to the lower age-adjusted death rates in fathers."

The study included men who self-identified as Black, Chinese, Hispanic or White, and the age-adjusted rate of death for all Black fathers was lower than for Black nonfathers, the only racial and ethnic subgroup with this association.

"Fatherhood may be protective for Black men,"Parker said. "Maybe becoming a father helps promote a healthy lifestyle for Black men. Studying this association further could have important public health implications."

Previous studies that evaluated fatherhood, cardiovascular health, cardiovascular disease and mortality have not included racially and ethnically diverse populations and lacked comprehensive cardiovascular health evaluation. This study is novel because it included men from the Multi-Ethnic Study of Atherosclerosis (MESA).

This study also examined influence of the age men transition to fatherhood on heart health and disease outcomes. Interestingly, men who became at younger ages (25 years old and younger) -- especially Black and Hispanic men -- had worse heart health and high death rates and may benefit from focused clinical and public health attention.

"If you're under 25, you may be less financially stable, your brain may be less mature, and, especially for racial and ethnic minorities, you may have lower-paying jobs with fewer benefits and limited leave policies," Parker said. "All of this can make it harder to focus on your health. There are a lot of public health interventions for young mothers, but no one has ever really looked at young fathers in this way."

'A father's health has a major influence on their family'




Since most men in the U.S. are fathers, identifying some of the explanations for the associations among health, disease and fatherhood could have important health implications for men, especially for men of color, the scientists said.

"A lot of times we focus on the health of mothers and children, and we don't even think of fathers, but their health has a major influence on their family," said Parker, citing previous research that found higher obesity rates among partners if their spouse was obese. "To improve the health of families, we need to consider the multi-directional relationship among mothers, fathers, other caregivers and children."

The study also found a higher smoking rate among fathers, which Parker said is surprising because other studies have shown many fathers quit smoking when they have kids.

"This study looked at older fathers, so it's possible men might quit smoking when they become fathers but then later, maybe they become more stressed and take up the habit again," Parker said. "Either way, we should look at what's happening with smoking rates because smoking is a leading cause of preventative death and if a father is smoking it will influence their families as well."

The scientists defined study participants' cardiovascular health using the American Heart Association Life's Essential 8 scores (excluding sleep). Men were categorized as either fathers (82% study participants) or nonfathers based on an interview in which participants were asked to list any children's ages and medical conditions. Men who did not list any children were categorized as nonfathers.

Other Northwestern study authors include Dr. Craig Garfield, Clarissa Simon, Laura Colangelo and Norrina Allen.
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Light therapy increases brain connectivity following injury | ScienceDaily
OAK BROOK, Ill. - Low-level light therapy appears to affect healing in the brains of people who suffered significant brain injuries, according to a study published today in Radiology, a journal of the Radiological Society of North America (RSNA).


						
Lights of different wavelengths have been studied for years for their wound-healing properties. Researchers at Massachusetts General Hospital (MGH) conducted low-level light therapy on 38 patients who had suffered moderate traumatic brain injury, an injury to the head serious enough to alter cognition and/or be visible on a brain scan. Patients received light therapy within 72 hours of their injuries through a helmet that emits near-infrared light.

"The skull is quite transparent to near-infrared light," said study co-lead author Rajiv Gupta, M.D., Ph.D., from the Department of Radiology at MGH. "Once you put the helmet on, your whole brain is bathing in this light."

The researchers used an imaging technique called functional MRI to gauge the effects of the light therapy. They focused on the brain's resting-state functional connectivity, the communication between brain regions that occurs when a person is at rest and not engaged in a specific task. The researchers compared MRI results during three recovery phases: the acute phase of within one week after injury, the subacute phase of two to three weeks post-injury and the late-subacute phase of three months after injury.

Of the 38 patients in the trial, 21 did not receive light therapy while wearing the helmet. This was done to serve as a control to minimize bias due to patient characteristics and to avoid potential placebo effects.

Patients who received low-level light therapy showed a greater change in resting-state connectivity in seven brain region pairs during the acute-to-subacute recovery phase compared to the control participants.

"There was increased connectivity in those receiving light treatment, primarily within the first two weeks," said study coauthor Nathaniel Mercaldo, Ph.D., a statistician with MGH. "We were unable to detect differences in connectivity between the two treatment groups long term, so although the treatment appears to increase the brain connectivity initially, its long-term effects are still to be determined."

The precise mechanism of the light therapy's effects on the brain is also still to be determined. Previous research points to the alteration of an enzyme in the cell's mitochondria (often referred to as the "powerhouse" of a cell), Dr. Gupta said. This leads to more production of adenosine triphosphate, a molecule that stores and transfers energy in the cells. Light therapy has also been linked with blood vessel dilation and anti-inflammatory effects.




"There is still a lot of work to be done to understand the exact physiological mechanism behind these effects," said study coauthor Suk-tak Chan, Ph.D., a biomedical engineer at MGH.

While connectivity increased for the light therapy-treated patients during the acute to subacute phases, there was no evidence of a difference in clinical outcomes between the treated and control participants. Additional studies with larger cohorts of patients and correlative imaging beyond three months may help determine the therapeutic role of light in traumatic brain injury.

The researchers expect the role of light therapy to expand as more study results come in. The 810-nanometer-wavelength light used in the study is already employed in various therapeutic applications. It's safe, easy to administer and does not require surgery or medications. The helmet's portability means it can be delivered in settings outside of the hospital. It may have applications in treating many other neurological conditions, according to Dr. Gupta.

"There are lots of disorders of connectivity, mostly in psychiatry, where this intervention may have a role," he said. "PTSD, depression, autism: these are all promising areas for light therapy."
###

"Effects of Low-Level Light Therapy on Resting-State Connectivity Following Moderate Traumatic Brain Injury: Secondary Analyses of a Double-blinded, Placebo-controlled Study." Collaborating with Drs. Gupta, Mercaldo and Chan were Maria G. Figueiro Longo, M.D., Jonathan Welt, M.D., Arman Avesta, M.D., Jarone Lee, M.D., Michael H. Lev, M.D., Eva-Maria Ratai, Ph.D., Michael R. Wenke, B.S., Blair A. Parry, B.A., Lynn Drake, M.D., Richard R. Anderson, M.D., Terry Rauch, Ph.D., Ramon Diaz-Arrastia, M.D., Kenneth K. Kwong, Ph.D., Michael Hamblin, Ph.D., and Benjamin Vakoc, Ph.D. 

Radiology is edited by Linda Moy, M.D., New York University, New York, N.Y., and owned and published by the Radiological Society of North America, Inc. (https://pubs.rsna.org/journal/radiology)

RSNA is an association of radiologists, radiation oncologists, medical physicists and related scientists promoting excellence in patient care and health care delivery through education, research and technologic innovation. The Society is based in Oak Brook, Illinois. (RSNA.org)

For patient-friendly information on brain MRI, visit RadiologyInfo.org.
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Prenatal exposure to air pollution associated with increased mental health risks | ScienceDaily
A baby's exposure to air pollution while in the womb is associated with the development of certain mental health problems once the infant reaches adolescence, new research has found. The University of Bristol-led study, published in JAMA Network Open today [28 May], examined the long-term mental health impact of early-life exposure to air and noise pollution.


						
Growing evidence suggests air pollution, which comprises toxic gases and particulate matter, might contribute to the onset of mental health problems. It is thought that pollution could negatively affect mental health via numerous pathways, including by compromising the blood-brain barrier, promoting neuroinflammation and oxidative stress, and directly entering the brain and damaging tissue.

Despite youth being a key period for the onset of these problems, until now, relatively few studies have investigated the associations of air and noise exposure during early life with mental health.

In this new study, researchers sought to examine the long-term impact of air and noise pollution exposure during pregnancy, early childhood and adolescence on three common mental health problems: psychotic experiences (including hallucinations, such as hearing or seeing things that others cannot, and delusions, such as having very paranoid thoughts), depression and anxiety.

To investigate this, the team used data from over 9,000 participants from Bristol's Children of the 90s birth cohort study (also known as the Avon Longitudinal Study of Parents and Children), which recruited over 14,000 pregnant women from the Bristol area between 1991 and 1992, and has followed the lives of the women, the children and their partners ever since.

By linking participants' early childhood data with their mental health reports at the ages of 13, 18 and 24 years, researchers were able to use this to map against outdoor air and noise pollution in South West England at different time points.

Researchers found that relatively small increases in fine particulate matter during pregnancy and childhood were associated with more psychotic experiences and depression symptoms many years later in teenage years and early-adulthood. These associations persisted after considering many related risk factors, such as family psychiatric history, socioeconomic status, and other area-level factors such as population density, deprivation, greenspace and social fragmentation.




The team found that every 0.72 micrograms per cubic meter increase in fine particulate matter (PM2.5) during pregnancy and childhood was associated with an 11 per cent increased odds and 9 per cent increased odds for psychotic experiences, respectively; while exposure in pregnancy was associated with a 10 per cent increased odds for depression. In contrast, higher noise pollution exposure in childhood and teenage years was subsequently associated with more anxiety symptoms.

Dr Joanne Newbury, Sir Henry Wellcome Postdoctoral Research Fellow in the University's Bristol Medical School: Population Health Sciences (PHS) and the study's lead author, said: "Childhood, adolescence, and early adulthood are critical periods for the development of psychiatric disorders: worldwide, nearly two-thirds of those affected become unwell by the age of 25. Our findings add to a growing body of evidence -- from different populations, locations, and using different study designs -- suggesting a detrimental impact of air pollution (and potentially noise pollution) on mental health.

"This is a major concern, because air pollution is now such a common exposure, and rates of mental health problems are increasing globally. Given that pollution is also a preventable exposure, interventions to reduce exposure, such as low emissions zones, could potentially improve mental health. Targeted interventions for vulnerable groups including pregnant women and children could also provide an opportunity for more rapid reductions in exposure.

"It is important to emphasise that these findings, by themselves, do not prove a causal association. However, other recent studies have shown that low emissions zones appear to have a positive impact on mental health."

The research, which involved researchers from King's College London, University College London and Cardiff University, was funded by the University of Bristol, Wellcome, Economic and Social Research Council (ESRC), Medical Research Council (MRC), National Institute for Health and Care Research (NIHR), and the Natural Environment Research Council (NERC).
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Researchers identify promising protein candidate for metabolic disease treatment | ScienceDaily
A University of Saskatchewan (USask) research team's discovery of the additional health benefits of an appetite-suppressing protein has doubled the potential for scientists to find new avenues for treating obesity and metabolic disorders in animals and people.


						
The researchers' findings, which were recently published in Nature Communications Biology, highlight their discovery of the lipid-lowering effects of nesfatin-1-like peptide (NLP). This newly identified peptide -- or small protein -- is a close relative of nesfatin-1 (NESF-1), which regulates feed intake and body weight.

"We found that both NESF-1 and NLP lower lipid (fat) accumulation in human liver cells," said research team member Dr. Suraj Unniappan (PhD), the university's Centennial Enhancement Chair in Comparative Endocrinology and a professor at the Western College of Veterinary Medicine (WCVM). The collaborative study involved researchers at the WCVM and USask College of Medicine.

While the lipid-lowering effect of nesfatin-1 was previously reported, Unniappan said identifying NLP and understanding its lipid-lowering capabilities in human cells represent new advancements in the field of endocrinology.

"We are far away from bringing these findings to bedside," said Unniappan. "But we now have additional multiple targets available that could be explored for lipid disease treatment and therapeutic advancements."

The research team's discovery is hopeful news since there's a lack of new therapies for many metabolic diseases -- including non-alcoholic fatty liver disease (recently renamed as metabolic dysfunction-associated steatotic liver disease or MAFLD), which affects about 20 per cent of Canadians. A hormone-based drug was approved in the United States in March 2024, but so far, there are no drugs currently available in Canada exclusively for treating this disease.

Typical treatment plans for both humans and animals suffering from metabolic disease generally consist of diet and exercise changes to gradually lower body weight and reduce fat accumulation.




Unniappan and his research team have been at the forefront of nesfatin-1 research. Discovered in 2006 by a group of researchers in Japan, nesfatin-1 was initially recognized for its ability to suppress food intake.

The USask team went a step further than previous studies and successfully verified that genetic disruption of NLP leads to changes in genes involved in lipid metabolism in mice.

"We found that if you disrupt the gene that is the source of that protein [NLP] naturally present in these animals, then that actually leads to changes in lipid metabolism-associated genes," said Unniappan.

Discovering such results -- that administering NLP reduces lipid levels, while disrupting its production alters lipid metabolism -- reinforces its pivotal role in metabolic regulation.

Unniappan and Dr. Atefeh Nasri (PhD), who completed her doctoral program at USask in 2023 and is now a post-doctoral fellow at Dalhousie University, collaborated with Dr. Scott Widenmaier (PhD), an assistant professor of anatomy, physiology and pharmacology, and an expert in metabolic disease at the USask College of Medicine. The team's fourth member was undergraduate student Mateh Kowaluk.

Unniappan hopes that this new research can pave the way for further exploration of treatment options. He plans to work with collaborators to extend this research to more complex animal models -- including rodents -- and eventually studying larger animals such as cats and dogs. Like humans, these species also suffer from obesity and related metabolic disorders.

"It's beautiful to know the same peptide can achieve so many meritorious health effects, that in combination have the potential to help both human and animal patients," said Unniappan.

This research was supported by the Canadian Institutes of Health Research (CIHR) and the USask Centennial Enhancement Chair in Comparative Endocrinology.
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Weight gain is kicked to the curb in antipsychotic drug breakthrough | ScienceDaily
Thousands of Australians struggle with serious mental health conditions. But when the recommended treatment involves antipsychotic medications, the side effects are excess kilos, which only adds weight to an already complex diagnosis.


						
Now, world first research from the University of South Australia shows that antipsychotics can be reformulated with a strategically engineered coating that not only mitigates unwanted weight gain but also boosts serotonin levels by more than 250%.

Funded by the Hospital Research Foundation (THRF) Group, researchers specifically tested Lurasidone, a drug used in the treatment of schizophrenia and bipolar depression, finding that the new coatings target the gut microbiome to improve drug absorption by 8-fold, while concurrently overcoming common side effects such as weight gain.

The coatings are created from tiny core-shell particles made from the dietary fibre, inulin, and bioactive medium chain triglycerides. The inulin shell boosts the gut microbiome by providing an energy source for gut bacteria, while the medium chain triglycerides facilitate drug absorption into the bloodstream.

It's a breakthrough discovery that has the potential to change the lives of millions of people worldwide.

Lead researcher UniSA's Dr Paul Joyce says microbiota-targeting microcapsules have the potential to improve treatment outcomes of mental health medications.

"Most patients suffering from schizophrenia or bipolar disorder are prescribed a range of antipsychotic medications, which trigger significant adverse effects by disrupting the gut microbiome -- the microbial ecosystem that naturally colonises the gut," Dr Joyce says.




"The most notable side effect is weight gain, with many patients often seeing increases of between 10-15% of their body weight after just three months of treatment.

"Because the gut microbiome plays a major role in regulating overall health, especially mood and cognition, the detrimental impact of these medications on the microbiome often makes them counterproductive.

"Instead of improving mood and cognition, the medication leads to a cascading cycle of poor mental and metabolic health as patients now struggle with excess weight and mental health issues.

"To make matters worse, most antipsychotics need to be consumed with food to maximise their effect. Yet for a very vulnerable patient population, ensuring this happens is challenging, with most patients gaining suboptimal drug levels.

"Clearly, new strategies are needed to eliminate side effects and the need for these medications to be taken with food -- and that's exactly what we've achieved with the drug Lurasidone.

"This research shows that when antipsychotic drugs are formulated with our new smart core-shell microparticles, drug absorption increases, mitigating the need for the medication to be consumed with food, while also boosting the diversity and abundance of the gut microbiome to overcome common side effects, such as weight gain.

"Importantly, because we are not developing new drugs, rather reformulating them, the new therapies can be fast-tracked for clinical use, so we could expect them within the next few years rather than the 10-15 years needed for new drug molecules to be approved by regulatory bodies."

Next steps are to test the efficacy of these re-formulated therapies within human patients, with longer term goals being to extend these technologies across all mental health therapies, including anti-depressants, to mitigate any adverse effects.
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Genetic mosaicism more common than thought | ScienceDaily
In a study led by Jan Korbel at the European Molecular Biology Laboratory (EMBL) and Ashley Sanders at the Berlin Institute for Medical Systems Biology of the Max Delbruck Center (MDC-BIMSB), researchers have found that approximately one in 40 human bone marrow cells carry massive chromosomal alterations -- copy number variations and chromosomal rearrangements, for example -- without causing any apparent disease or abnormality. In addition, cell samples from people over the age of 60 tended to have higher numbers of cells with such genomic alterations, suggesting a previously unidentified mechanism that may contribute to ageing-related diseases. The study was published in the journal Nature Genetics.


						
"The study highlights that we are all mosaics," said Korbel, who is Senior Scientist in the Genome Biology Unit and Head of Data Science at EMBL Heidelberg. "Even so-called normal cells carry all sorts of genetic mutations. Ultimately, this means that there are more genetic differences between individual cells in our bodies than between different human beings."

Both Korbel and Sanders, Group Leader at the Max Delbruck Center study how genetic structural variation -- deletions, duplications, inversions, and translocations of large sections of the human genome -- contributes to the development of disease. In the cancer field, it is well known that genetic mutations can cause cells to grow out of control and lead to the formation of a tumour, explained Sanders. "We are applying similar concepts to understand how non-cancerous diseases develop," she added.

The discovery was enabled by a single-cell sequencing technology called Strand-seq, a unique DNA sequencing technique that can reveal subtle details of genomes in single cells that are too difficult to detect with other methods. Sanders is a pioneer in the development of this technology. As part of her doctoral research, she helped develop the Strand-seq protocol, which she later honed with colleagues while working as postdoctoral fellow in Korbel's lab.

Strand-seq enables researchers to detect structural variants in individual cells with better precision and resolution than any other sequencing technology allows, Sanders said. The technology has ushered in an entirely new understanding of genetic mutations and is now being widely used to characterise genomes and to help translate findings into clinical research.

"We are just recognising that contrary to what we learned in textbooks, every cell in our body doesn't have the exact same DNA," she said.

Genetic mosaicism is common

The study represents the first time anyone has used Strand-seq technology to study mutations in the DNA of healthy people. The researchers included biological samples from a range of age groups -- from newborn to 92-years-old -- and found mutations in blood stem cells, which are located in the bone marrow, in 84% of the study participants, indicating that large genetic mutations are very common.




"It's just amazing how much heterogeneity there is in our genomes that has gone undetected so far," said Sanders. "What this means in terms of how we define normal human ageing and how this can impact the types of diseases we get is really an important question for the field."

The study also found that in people over the age of 60, bone marrow cells carrying genetic alterations tended to be more abundant, with populations of specific genetic variants, or sub-clones, more common than others. The frequent presence of these sub-clones suggests a possible connection to ageing.

But whether the mechanisms that keep sub-clones from proliferating in check break down as we age, or whether the expansion of sub-clones itself contributes to diseases of ageing is not known, said Korbel. "In the future, our single cell studies should give us clearer insights into how these mutations that previously went unnoticed affect our health and potentially contribute to how we age."
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Pharmacists prove effective, less costly care option for minor illnesses | ScienceDaily
Greater use of pharmacists to treat minor illnesses could potentially save millions of dollars in health care costs, according to new research led by Washington State University. The findings also indicate a way to improve healthcare access by expanding availability of pharmacists' clinical services including prescribing medications, amid an ongoing shortage of primary care providers.


						
The study found that care for a range of minor health issues -- including urinary tract infections, shingles, animal bites and headaches -- costs an average of about $278 less when treated in pharmacies compared to patients with similar conditions treated at "traditional sites" of primary care, urgent care or emergency room settings. Follow-ups with pharmacy patients showed that almost all their illnesses had resolved after the initial visit with a pharmacist.

Notably, if all of the illnesses in the three-year study that were treated at a traditional site of care had been treated by community pharmacists, it would have saved an estimated $23 million in health care expenses.

"The findings show that pharmacists, especially in the outpatient community setting, are a viable solution to part of our patient access to care problem in our state and country," said lead author Julie Akers, a WSU pharmacy researcher. "Pharmacists are trained and qualified to do this work, and unfortunately in many settings, highly underutilized. And they could have a huge impact on how fast patients access care, which can minimize the complexity and the progression of their condition."

For this study, published in the journal ClinicoEconomics and Outcomes Research, Akers' research team analyzed data of nearly 500 patients who received care from 175 pharmacists at 46 pharmacies across the state of Washington from 2016 to 2019. The team also followed up with the patients 30 days after their pharmacy visits to assess treatment effectiveness. They then compared these cases with insurance data of patients from the same time period with conditions of the same type and level who had sought care at a doctor's office, urgent care facility or emergency room.

The researchers found that for almost every minor illness in the study, pharmacy care was not only effective but cost much less, sometimes dramatically so. For instance, the study found that for an uncomplicated case of urinary tract infection, normally treated with antibiotics, a first visit to an emergency room cost on average $963, a primary care physician's office, $121 -- at the pharmacy, the average was $30.

The study was conducted by a team of pharmacy researchers in coordination with an advisory board of physicians. The findings highlight the advantages of expanding the physician-pharmacist collaboration that allows some pharmacists to directly prescribe medications.




Washington state was the first in the nation to enact the "prescribing authority" in 1979 which enables a licensed prescriber such as a physician to delegate a pharmacist to prescribe and administer certain drugs.

As part of their education, pharmacists are trained in clinical evaluation of common illnesses, and as Akers pointed out, they already regularly make recommendations for conditions that can be treated with over-the-counter medications. The prescribing authority allows them to take their current practice to the next level if over-the-counter medicines are not enough.

Pharmacists also often refer patients to different providers for conditions that are complex, need further testing or cannot be resolved through medication alone. For less serious conditions, this study shows that pharmacists with prescribing authority can help fill a gap in care, especially in rural areas or at times of the day when there are few options available, Akers said.

"We've seen over time, more and more patients struggle to get access to care," she said. "Over the past couple of decades, we've seen inappropriate use of urgent cares and emergency departments for things that really didn't need go to that level of service."

There is more work to do to be able to expand this treatment at pharmacies, Akers added. This includes creating greater public awareness, so people expect this type of service at pharmacies as they now do with vaccinations. Pharmacies also need to address the financial sustainability of providing these expanded patient care services, and Akers hopes the team's next project will involve helping pharmacies transition to medical billing, which could greatly increase access to care for patients without the ability to pay out of pocket for care.

The current study was supported by a grant from the National Association of Chain Drug Stores Foundation. Additional co-authors include Jennifer Miller, Linda MacLean, Bidisha Mandal and Clark Hogan of WSU as well as Brandy Seignemartin of Idaho State University.
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Researchers have located the brain network responsible for stuttering | ScienceDaily
An international research group led by researchers from the University of Turku and Turku University Hospital in Finland has succeeded in identifying the probable origin of stuttering in the brain.


						
Stuttering is a speech rhythm disorder characterised by involuntary repetitions, prolongations or pauses in speech that prevent typical speech production. Approximately 5-10% of young children stutter, and an estimated 1% continue to stutter into adulthood. A severe stutter can have a profound negative impact on the life of the individual affected.

"Stuttering was once considered a psychological disorder. However, with further research, it is now understood to be a brain disorder related to the regulation of speech production," says Professor of Neurology Juho Joutsa from the University of Turku.

Stuttering may also be acquired as a result of certain neurological diseases, such as Parkinson's disease or a stroke. However, the neurobiological mechanisms of stuttering are not yet fully understood, and where it originates in the brain remains uncertain. The findings from brain imaging studies are partly contradictory, and it is challenging to determine which changes are the root cause of stuttering and which are merely associated phenomena.

Stuttering localised in the same brain network regardless of its cause

Researchers from Finland, New Zealand, the United States and Canada developed a new research design that could provide a solution to this problem. The study included individuals who had suffered a stroke, some of whom developed a stutter immediately after it. The researchers discovered that although the strokes were located in different parts of the brain, they all localised to the same brain network, unlike the strokes that did not cause stuttering.

In addition to people who had suffered a stroke, the researchers used magnetic resonance imaging (MRI) to scan the brains of 20 individuals with developmental stuttering. In these individuals, the stuttering was associated with structural changes in the nodes of the brain network originally identified in relation to causal stroke lesions -- the greater the changes, the more severe the stuttering. This finding suggests that stuttering is caused by a common brain network, regardless of the aetiology (developmental or neurological).

The key nodes of the network identified by the researchers were putamen, amygdala and claustrum located deep within the brain, and the connections between them.

"These findings explain well-known features of stuttering, such as the motor difficulties in speech production and the significant variability in stuttering severity across emotional states. As major nuclei in the brain, the putamen regulates motor function and the amygdala regulates emotions. The claustrum, in turn, acts as a node for several brain networks and relays information between them," explains Joutsa.

The results of the study provide a unique insight into the neurobiological basis of stuttering. Locating stuttering in the brain opens up new possibilities for medical treatment. Researchers hope that in the future, stuttering could be effectively treated, for example, with brain stimulation that can be targeted specifically to the now identified brain network.
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Binge-eating disorder not as transient as previously thought | ScienceDaily
Binge-eating disorder is the most prevalent eating disorder in the United States, but previous studies have presented conflicting views of the disorder's duration and the likelihood of relapse. A new five-year study led by investigators from McLean Hospital, a member of the Mass General Brigham healthcare system, showed that 61 percent and 45 percent of individuals still experienced binge-eating disorder 2.5 and 5 years after their initial diagnoses, respectively. These results contradict previous prospective studies that documented faster remission times, according to the authors.


						
"The big takeaway is that binge-eating disorder does improve with time, but for many people it lasts years," said first author Kristin Javaras, DPhil, PhD, assistant psychologist in the Division of Women's Mental Health at McLean. "As a clinician, oftentimes the clients I work with report many, many years of binge-eating disorder, which felt very discordant with studies that suggested that it was a transient disorder. It's very important to understand how long binge-eating disorder lasts and how likely people are to relapse so that we can better provide better care."

The results were published May 28 in Psychological Medicine, [JR1] published by Cambridge University Press.

Binge-eating disorder, which is estimated to impact somewhere between 1 percent and 3 percent of U.S. adults, is characterized by episodes during which people feel a loss of control over their eating. The average age of onset is 25 years.

While previous retrospective studies, which rely on people's sometimes-faulty memories, have reported that binge-eating disorder lasts seven to sixteen years on average, prospective studies tracking individuals with the disorder over time have suggested that many individuals with the disorder enter remission within a much smaller timeframe -- from one to two years.

However, the researchers noted that most previous prospective studies had limitations, including a small sample size (<50 participants), and they were not representative because they focused only on adolescent or young-adult females, most of whom had BMIs less than 30, whereas around two-thirds of individuals with binge-eating disorder have BMIs of 30 or more.

To better understand the time-course of binge-eating disorder, the researchers followed 137 adult community members with the disorder for five years. Participants, who ranged in age from 19 to 74 and had an average BMI of 36, were assessed for binge-eating disorder at the beginning of the study and re-examined 2.5 and 5 years later.




After five years, most of the study participants still experienced binge-eating episodes, though many showed improvements. After 2.5 years, 61 percent of participants still met the full criteria for binge-eating disorder at the time the study was conducted, and a further 23 percent experienced clinically significant symptoms, although they were below the threshold for binge-eating disorder. After 5 years, 46 percent of participants met the full criteria and a further 33 percent experienced clinically significant but sub-threshold symptoms. Notably, 35 percent of the individuals who were in remission at the 2.5-year follow-up had relapsed to either full or sub-threshold binge-eating disorder at the 5-year follow-up. The criteria for diagnosing binge-eating disorder have changed since the study was conducted, and Javaras notes that under the new guidelines, an even larger percentage of the study's participants would have been diagnosed with the disorder at the 2.5 and 5-year follow-ups.

Javaras added that because participants in the study were community members who may or may not have been receiving treatment, rather than patients enrolled in a treatment program, the study's results are more representative of binge-eating disorder's natural time-course. When comparing this community sample to those in treatment studies, treatment appeared to lead to faster remission, suggesting that people with binge-eating disorders will benefit from intervention. There are major inequities in who receives treatment for eating disorders, according to Javaras.

Though there was variation amongst participants in the likelihood of remission and how long it took, the researchers were unable to find any strong clinical or demographic predictors for duration of the disorder.

"This suggests that no one is much less or more likely to get better than anyone else," said Javaras.

Since the study ended, the researchers have been investigating and developing treatment options for binge-eating disorder, and examining screening methods to better identify individuals who would benefit from treatment.

"We are studying binge-eating disorder with neuroimaging to get a better understanding of the neurobiology involved, which could help enhance or develop new treatments," said Javaras. "We are also examining ways to catch people earlier, because many don't even realize they have binge-eating disorder, and there is a major need for increased awareness and screening so that intervention can begin earlier."
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'Lean In' messages can lower women's motivation to protest gender inequality | ScienceDaily
Women in leadership are often told to "Lean In," designed to be motivational messaging demonstrating that they are more confident, strategic and resilient to setback. However, new research indicates that such "lean in" messaging can hinder women's motivation to protest gender equality.


						
Popularised in a book by American technology executive Sherly Sandberg, the "Lean In" solution to gender inequality advises women that demonstrating personal resilience and perseverance in the face of setbacks is key to career advancement. Now, a new study led by the University of Exeter, Bath Spa University and the Australian National University has found that while such messages may provide inspiration for some, they can also reduce women's likelihood to protest gender discrimination. This effect could actually be hindering gender equality progress.

Published in Psychology of Women Quarterly, the study involved four experiments, Researchers examined women's motivation to protest gender inequality after exposure to "Lean In" messages promoting individual resilience. All the experiments were in the UK and involved more than 1,100 women who were either undergraduate students or employed women with university degrees. Women read about gender inequality, and then either read about resilience as key to promoting advancement (in line with "lean in" messaging), or participated in activities to build their own resilience by learning how to set flexible goals and maintain confidence.

The research found:
    	In three of four experiments, women in "Lean In" conditions were less willing to be part of protest action over gender inequality compared to those in a control condition who were not exposed to "Lean In" messages.
    	In two of the experiments, this effect occurred because women in "Lean In" conditions were less likely to believe that gender discrimination would affect their career prospects.
    	In one, this effect occurred because women in "Lean In" conditions also felt less angry about ongoing gender inequality.

Authors say the findings of this research highlight an unintended consequence of 'Lean In' messages and related individual resilience training for women that is offered as a remedy for gender inequality in the workplace -- that it can undermine women's recognition of, and willingness to protest about, the root causes of gender inequality: discrimination.

Lead author, Dr Renata Bongiorno, who conducted the studies while at the University of Exeter and is now Senior Lecturer in Psychology at Bath Spa University, said: "The popularity of the 'Lean In' movement speaks to the challenges women continue to face due to gender discrimination in the workplace.

"Women are understandably looking for ways to advance their careers despite the disproportionate setbacks they continue to experience compared to men.




"While the 'Lean In' solution offered by Sheryl Sandberg can feel empowering, a lack of individual resilience or perseverance is not the cause of women's poorer career progress.

"The messages lead to women assuming that gender discrimination will be less of a barrier to their career advancement. This false belief is concerning for progress because it is reducing women's willingness to protest the real causes of gender inequality.

"Progress and gains for women have historically been achieved through collective protest over gender discriminatory practices and policies, including pregnancy discrimination, a lack of affordable childcare, and workplace sexual harassment.

"Finding ways to effectively challenge these ongoing barriers should be a focus for feminism because they are the real causes of gender inequality in career outcomes."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240528115015.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Caffeine affects brain dopamine function in patients with Parkinson's disease | ScienceDaily
Regular high caffeine consumption affects dopamine function in patients with Parkinson's disease, shows a new international study led by the University of Turku and Turku University Hospital in Finland. Caffeine consumption before undergoing diagnostic brain dopamine imaging may also affect the imaging results.


						
Previous research has shown that regular caffeine intake is associated with a reduced risk of developing Parkinson's disease. However, there is limited research on the effects of caffeine on disease progression in patients who have already been diagnosed.

A follow-up study led by the University of Turku and Turku University Hospital (Tyks) in Finland examined how caffeine consumption affects brain dopamine function over an extended period in patients diagnosed with Parkinson's disease. The dopamine function of the brain was assessed with single photon emission computed tomography (SPECT) to measure dopamine transporter (DAT) binding.

"The association between high caffeine consumption and a reduced risk for Parkinson's disease has been observed in epidemiological studies. However, our study is the first to focus on the effects of caffeine on disease progression and symptoms in relation to dopamine function in Parkinson's disease," says Valtteri Kaasinen, Professor of Neurology at the University of Turku and principal investigator of the study.

Caffeine consumption had no effect on Parkinson's symptoms

A clinical study compared 163 patients with early-stage Parkinson's disease to 40 healthy controls. The examinations and imaging were conducted on two occasions for a subsample, with an average interval of six years between the first and second imaging session. Changes in brain dopamine transporter binding were compared with patients' caffeine consumption, which was assessed both by a validated questionnaire and by determining concentrations of caffeine and its metabolites in blood samples.

The findings revealed that patients with a high caffeine consumption exhibited a 8.3-15.4% greater decrease in dopamine transporter binding compared to those with a low caffeine consumption. However, the observed decline in dopamine function is unlikely to be due to a greater reduction in dopamine neurons following caffeine consumption. Rather, it is more likely to be a downregulatory compensatory mechanism in the brain that has also been observed in healthy individuals following caffeine and other stimulant use.

"While caffeine may offer certain benefits in reducing risk of Parkinson's disease, our study suggests that high caffeine intake has no benefit on the dopamine systems in already diagnosed patients. A high caffeine intake did not result in reduced symptoms of the disease, such as improved motor function," says Kaasinen.

Another significant finding of the study was the observation that a recent dose of caffeine, for example in the morning of the imaging session, temporarily increases the person's DAT binding values. This could potentially complicate the interpretation of clinically commonly used brain DAT imaging results. The research results suggest that patients should refrain from consuming coffee and caffeine for 24 hours before undergoing diagnostic DAT imaging.
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Finnish Vole fever spreading further south | ScienceDaily
Researchers have discovered that bank voles in southern Sweden (Skane) carry a virus that can cause hemorrhagic fever in humans. This finding was made more than 500 km south of the previously known range. The virus strain discovered in Skane appears to be more closely related to strains from Finland and Karelia than to the variants found in northern Sweden and Denmark. This is revealed in a new study from Uppsala University, conducted in collaboration with infectious diseases doctors in Kristianstad and published in the scientific journal Emerging Infectious Diseases.


						
"We were surprised that such high proportion of the relatively few voles that we caught were actually carrying a hantavirus that makes people ill. And this was in an area more than 500 km south of the previously known range of the virus," says Elin Economou Lundeberg, infectious diseases doctor at Kristianstad Central Hospital, who is one of the study's first authors.

Hantaviruses are a family of viruses naturally found mainly in rodents such as mice, rats and voles. Certain hantaviruses are able to infect people and cause two main groups of diseases: hemorrhagic fever with renal syndrome (HFRS) and hantavirus pulmonary syndrome (HPS). Both types of disease are notifiable under the Communicable Diseases Act, as they can cause serious problems and even death. In northern and central Europe, a variant of the virus, Puumala hantavirus, causes a relatively mild form of HRFS popularly known as 'vole fever' (nephropathia epidemica). However, studies have shown that this hantavirus can also cause very severe HRFS, which in the worst case can be fatal. In Sweden 100-450 cases of vole fever require hospital care each year, exclusively in the northern part of the country.

In 2018, a locally contracted case of vole fever was reported in Skane, more than 500 km south of the previously known southernmost incidence of the disease in Sweden, which was north of Uppsala. Another case was discovered in 2020, also in Skane. In both cases, the patients concerned had not been away travelling and were infected in their home area. In an attempt to understand how this was possible, bank voles were caught in the vicinity of the patients' homes and analysed for any occurrence of hantavirus. It turned out that 9 of the 74 bank voles caught carried hantavirus genes. Genetic studies have now showned that the virus differs markedly from the virus variants that circulate in northern Sweden and Denmark, and that it is most closely related to viruses from Finland and Karelia.

The next step in the research is to find out where the virus comes from and map its distribution in the southern parts of Sweden.

"If the virus has existed in the area for a long time and has simply not been discovered, why haven't more people become ill? Or, has it become established in Skane recently and only just begun to spread? And how did it get there?" wonders Professor Ake Lundkvist of Uppsala University, a co-author of the study. "Unfortunately the COVID-19 pandemic intervened, which considerably delayed the completion of this study. These findings are very interesting and show how important it is to investigate the causes as quickly as possible when we see an infectious disease in a new geographical area."
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Altering cellular interactions around amyloid plaques may offer novel Alzheimer's treatment strategies | ScienceDaily
Researchers at the Icahn School of Medicine at Mount Sinai have made a significant breakthrough in Alzheimer's disease research by identifying a novel way to potentially slow down or even halt disease progression. The study, which focuses on the role of reactive astrocytes and the plexin-B1 protein in Alzheimer's pathophysiology, provides crucial insights into brain cell communication and opens the door to innovative treatment strategies. It was published in Nature Neuroscience (DOI 10.1038/s41593-024-01664-w) on May 27.


						
This groundbreaking work is centered on the manipulation of the plexin-B1 protein to enhance the brain's ability to clear amyloid plaques, a hallmark of Alzheimer's disease. Reactive astrocytes, a type of brain cell that becomes activated in response to injury or disease, were found to play a crucial role in this process. They help control the spacing around amyloid plaques, affecting how other brain cells can access and clear these harmful deposits. "Our findings offer a promising path for developing new treatments by improving how cells interact with these harmful plaques," said Roland Friedel, PhD, Associate Professor of Neuroscience, and Neurosurgery, at Icahn Mount Sinai and a senior author of the study. The research was driven by the analysis of complex data comparing healthy individuals to those with Alzheimer's, aiming to understand the disease's molecular and cellular foundations.

Hongyan Zou, PhD, Professor of Neurosurgery, and Neuroscience, at Icahn Mount Sinai and one of the study's lead authors, highlighted the broader implications of their findings: "Our study opens new pathways for Alzheimer's research, emphasizing the importance of cellular interactions in developing neurodegenerative disease treatments."

One of the study's most significant achievements is its validation of multiscale gene network models of Alzheimer's disease. "This study not only confirms one of the most important predictions from our gene network models but also significantly advances our understanding of Alzheimer's. It lays a solid foundation for developing novel therapeutics targeting such highly predictive network models," said Bin Zhang, PhD, Willard T.C. Johnson Research Professor of Neurogenetics at Icahn Mount Sinai and one of the study's lead authors. By demonstrating the critical role of plexin-B1 in Alzheimer's disease, the research underscores the potential of targeted therapies to disrupt the disease's progression.

The research team emphasizes that while their findings mark a significant advance in the fight against Alzheimer's, more research is needed to translate these discoveries into treatments for human patients.

"Our ultimate goal is to develop treatments that can prevent or slow down Alzheimer's progression," Dr. Zhang added, outlining the team's commitment to further exploring the therapeutic potential of plexin-B1.

This study is supported by the NIH National Institute on Aging (NIA) grants U01AG046170 and RF1AG057440 and is part of the NIA-led Accelerating Medicines Partnership -- Alzheimer's Disease (AMP-AD) Target Discovery and Preclinical Validation program. This public private partnership aims to shorten the time between the discovery of potential drug targets and the development of new drugs for Alzheimer's disease treatment and prevention.
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Brain damage reveals part of the brain necessary for helping others | ScienceDaily
Our willingness to help others is governed by a specific brain region pinpointed by researchers in a study of patients with brain damage to that region.


						
Learning about where in the brain 'helping' decisions are made is important for understanding how people might be motivated to tackle large global challenges, such as climate change, infectious disease and international conflict. It is also essential for finding new approaches to treating disorders of social interactions.

The study, published in Nature Human Behaviour, was carried out by researchers at the University of Birmingham and the University of Oxford, and shows for the first time how a region called the ventromedial prefrontal cortex (vmPFC) has a critical role in helping, or 'prosocial' behaviours.

Lead author Professor Patricia Lockwood said: "Prosocial behaviours are essential for addressing global challenges. Yet helping others is often effortful and humans are averse to effort. Understanding how effortful helping decisions are processed in the brain is extremely important."

In the study, the researchers focused on the vmPFC, a region located right at the front of the brain, which is known to be important for decision-making and other executive functions. Previous studies using magnetic resonance imaging (MRI scanning) have linked the vmPFC to choices that involve a trade-off between the rewards available and the effort required to obtain rewards. However, these techniques cannot show whether a part of the brain is essential for these functions.

Three groups of participants were recruited for the study. 25 patients had vmPFC damage, 15 patients had damage elsewhere in the brain, and 40 people were healthy age and gender-matched control participants. These groups allowed the researchers to test the impact of damage to vmPFC specifically.

Each participant attended an experiment where they met another person anonymously. They then completed a decision-making task that measured how willing they were to exert physical effort (squeezing a grip force device) to earn rewards (bonus money) for themselves and for the other person.




By enabling participants to meet -- but not see -- the person they were 'working' for in advance, researchers were able to convey the sense that participants' efforts would have real consequences, but hide any information about the other person that could affect decision-making.

Each choice the participants made varied in how much bonus money for them or the other person was available, and how much force they would have to exert to obtain the reward. This allowed the researchers to measure the impact of reward and effort separately, and to use advanced mathematical modelling to precisely quantify people's motivation.

The results of the study clearly showed that the vmPFC was necessary for motivation to help others. Patients with vmPFC damage were less willing to choose to help others, exerted less force on even after they did decide to help, and earned less money to help others compared to the control groups.

In a further step, the researchers used a technique called lesion symptom mapping which enabled them to identify even more specific subregions of the vmPFC where damage made people particularly antisocial and unwilling to exert effort for the other person. Surprisingly, damage to a nearby but different subregion made people relatively more willing to help.

Co-lead author Dr Jo Cutler said: "As well as better understanding prosocial motivation, this study could also help us to develop new treatments for clinical disorders such as psychopathy, where understanding the underlying neural mechanisms can give us new insights into how to treat these conditions."

"This region of the brain is particularly interesting because we know that it undergoes late development in teenagers, and also changes as we get older," added Professor Lockwood. "It will be really interesting to see whether this area of the brain can also be influenced by education -- can we learn to be better at helping others?"
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Feeding infants peanut products protects against allergy into adolescence, study suggests | ScienceDaily
Feeding children peanuts regularly from infancy to age five reduced the rate of peanut allergy in adolescence by 71%, even after many years when the children ate or avoided peanut as desired.


						
The new findings provide conclusive evidence that introducing peanuts into babies' diets early will increase the probability of long-term prevention of peanut allergy.

Lead investigator Professor Gideon Lack from King's College London said: "Decades of advice to avoid peanuts has made parents fearful of introducing peanuts at an early age. The evidence is clear that early introduction of peanut in infancy induces long term tolerance and protects children from allergy well into adolescence. This simple intervention will make a remarkable difference to future generations and see peanut allergies plummet."

Results from the LEAP-Trio trial are published today in the NEJM Evidence by researchers from King's College London and sponsored and co-funded by the US National Institutes of Health's National Institute of Allergy and Infectious Diseases (NIAID).

Peanut allergy is rising in Western countries. The prevalence of peanut allergy is about 2% in young children in North America, UK, Western Europe, and Australia. For some, even small amounts of peanuts can lead to a life-threatening allergic reaction. This, as well as conflicting advice, has made parents and caregivers fearful of introducing peanuts into diets.

The new research findings come from the LEAP-Trio study, building on the results of the Learning Early About Peanut Allergy (LEAP) clinical trial. In the first trial, half of the participants were asked to regularly consume peanut from infancy until age 5 years, while the other half were asked to avoid peanuts during that period. Researchers found that early introduction of peanut reduced the risk of peanut allergy at age 5 by 81%.

The investigators followed up both groups from age 6 to age 12 or older. In that period, children could choose to eat peanut in whatever amount and frequency they wanted. They found that 15.4% of participants from the early childhood peanut-avoidance group and 4.4% from the early childhood peanut-consumption group had peanut allergy at age 12 or older. These results show that regular, early peanut consumption reduce the risk of peanut allergy in adolescence by 71% compared to early peanut avoidance.




Professor George Du Toit, Co-Lead Investigator from King's College London said: "This is a safe and highly effective intervention which can be implemented as early as 4 months of age. The infant needs to be developmentally ready to start weaning and peanut should be introduced as a soft pureed paste or as peanut puffs."

The researchers also found that although participants in the LEAP peanut-consumption group ate more peanut throughout childhood than the other participants overall, the frequency and amount of peanut consumed varied widely in both groups and included periods of not eating peanut. This shows that the protective effect of early peanut consumption lasts without the need to consistently eat peanut products throughout childhood and early adolescence.

The LEAP-Trio study team tested the adolescents for peanut allergy primarily through an oral food challenge. This involved giving participants gradually increasing amounts of peanut in a carefully controlled setting to determine if they could safely consume at least 5 grams of peanut, the equivalent of more than 20 peanuts. The study team also surveyed participants about their recent patterns of peanut consumption and verified the self-reports through measurements of peanut in dust from participants' beds, a technique previously validated by LEAP investigators.

Professor Lack, who is the Head of the Children's Allergy Service at Guy's and St Thomas' NHS Foundation Trust, added: "Early consumption of peanut will prevent more than 100,000 new cases of peanut allergy every year worldwide."
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Genetic cause of rare childhood immune disorders discovered | ScienceDaily
Scientists have pinpointed genetic changes that can leave children born with little to no immune defence against infection.


						
In a new study of 11 affected individuals, researchers from Newcastle University, the Wellcome Sanger Institute, the Great North Children's Hospital, and their collaborators were able to link mutations in the NUDCD3 gene to Severe Combined Immunodeficiency and Omenn syndrome1 - rare and life-threatening immunodeficiency disorders. These mutations prevented the normal development of diverse immune cells needed to combat different pathogens2.

The findings, published today (24 May) in Science Immunology, open opportunities for early diagnosis and intervention for this condition.

Severe Combined Immunodeficiency (SCID) and Omenn syndrome are both rare genetic disorders that leave children without a functional immune system and at risk of life-threatening infections. Without urgent treatment, such as stem cell transplants to replace the faulty immune system, many affected will not survive their first year.

While newborn screening methods can flag T cell deficiency, knowledge of the specific genetic cause increases confidence in the diagnosis of SCID and informs the choice of curative therapy. Currently this remains out of reach for at least 1 in 10 affected families.

In this new study, researchers from Newcastle University, the Wellcome Sanger Institute and their collaborators studied 11 children across four families, two of whom had SCID while the other nine had Omenn syndrome. All had inherited mutations that disrupted the function of the NUDCD3 protein, which had not previously been linked to the immune system.

Using detailed studies of patient-derived cells and mouse models, the team demonstrated that NUDCD3 mutations impair a crucial gene-rearranging process called V(D)J recombination, essential for generating the diverse T cell receptors and antibodies needed to recognise and fight different pathogens.




While mice engineered with the same NUDCD3 mutations had milder immune problems, the human patients faced severe, life-threatening consequences. Two patients did survive, however, after receiving a stem cell transplant -- reinforcing the importance of early diagnosis and intervention.

Dr Gosia Trynka, author of the study at the Wellcome Sanger Institute and science director at Open Targets, said: "For babies born with high-risk immunodeficiencies, early detection can mean the difference between life and death. These diseases leave newborns essentially defenceless against pathogens that most of us can easily fend off. The identification of this new disease gene will help clinicians to make a prompt molecular diagnosis in affected patients, meaning they can receive life-saving treatments more quickly."

Professor Sophie Hambleton, senior author of the study at Newcastle University and practicing paediatric immunologist at the Great North Children's Hospital, said: "SCID and Omenn syndrome are devastating disorders, requiring complex and timely treatments. The more we can understand about its underlying causes, the better we can look after affected babies. Our research is aimed at filling in the gaps so that families can achieve a molecular diagnosis while we continue learning more about how the immune system works in health and disease. We are deeply grateful to the families whose invaluable participation in this study will help future generations."

Notes

1. Children with severe combined immunodeficiency disorder completely lack the T cells needed to combat infections, while those with Omenn syndrome have abnormal T cells that not only fail to combat infections but also mount attacks on the body's own tissues. They require urgent infection management and treatment.

2. Specifically, the mutant NUDCD3 could not regulate RAG1, a key enzyme needed in V(D)J recombination. This caused RAG1 to get trapped within cell nucleoli instead of facilitating the gene rearrangements that build immune diversity.
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AI headphones let wearer listen to a single person in a crowd, by looking at them just once | ScienceDaily
Noise-canceling headphones have gotten very good at creating an auditory blank slate. But allowing certain sounds from a wearer's environment through the erasure still challenges researchers. The latest edition of Apple's AirPods Pro, for instance, automatically adjusts sound levels for wearers -- sensing when they're in conversation, for instance -- but the user has little control over whom to listen to or when this happens.


						
A University of Washington team has developed an artificial intelligence system that lets a user wearing headphones look at a person speaking for three to five seconds to "enroll" them. The system, called "Target Speech Hearing," then cancels all other sounds in the environment and plays just the enrolled speaker's voice in real time even as the listener moves around in noisy places and no longer faces the speaker.

The team presented its findings May 14 in Honolulu at the ACM CHI Conference on Human Factors in Computing Systems. The code for the proof-of-concept device is available for others to build on. The system is not commercially available.

"We tend to think of AI now as web-based chatbots that answer questions," said senior author Shyam Gollakota, a UW professor in the Paul G. Allen School of Computer Science & Engineering. "But in this project, we develop AI to modify the auditory perception of anyone wearing headphones, given their preferences. With our devices you can now hear a single speaker clearly even if you are in a noisy environment with lots of other people talking."

To use the system, a person wearing off-the-shelf headphones fitted with microphones taps a button while directing their head at someone talking. The sound waves from that speaker's voice then should reach the microphones on both sides of the headset simultaneously; there's a 16-degree margin of error. The headphones send that signal to an on-board embedded computer, where the team's machine learning software learns the desired speaker's vocal patterns. The system latches onto that speaker's voice and continues to play it back to the listener, even as the pair moves around. The system's ability to focus on the enrolled voice improves as the speaker keeps talking, giving the system more training data.

The team tested its system on 21 subjects, who rated the clarity of the enrolled speaker's voice nearly twice as high as the unfiltered audio on average.

This work builds on the team's previous "semantic hearing" research, which allowed users to select specific sound classes -- such as birds or voices -- that they wanted to hear and canceled other sounds in the environment.

Currently the TSH system can enroll only one speaker at a time, and it's only able to enroll a speaker when there is not another loud voice coming from the same direction as the target speaker's voice. If a user isn't happy with the sound quality, they can run another enrollment on the speaker to improve the clarity.

The team is working to expand the system to earbuds and hearing aids in the future.

Additional co-authors on the paper were Bandhav Veluri, Malek Itani and Tuochao Chen, UW doctoral students in the Allen School, and Takuya Yoshioka, director of research at AssemblyAI. This research was funded by a Moore Inventor Fellow award, a Thomas J. Cabel Endowed Professorship and a UW CoMotion Innovation Gap Fund.
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Tiny target discovered on RNA to short-circuit inflammation | ScienceDaily
UC Santa Cruz researchers have discovered a peptide in human RNA that regulates inflammation and may provide a new path for treating diseases such as arthritis and lupus. The team used a screening process based on the powerful gene-editing tool CRISPR to shed light on one of the biggest mysteries about our RNA-the molecule responsible for carrying out genetic information contained in our DNA.


						
This peptide originates from within a long non-coding RNA (lncRNA) called LOUP. According to the researchers, the human genome encodes over 20,000 lncRNAs, making it the largest group of genes produced from the genome. But despite this abundance, scientists know little about why lncRNAs exist or what they do. This is why lncRNA is sometimes referred to as the "dark matter of the genome."

The study, published May 23 in the Proceedings of the National Academy of Sciences (PNAS), is one of the very few in the existing literature to chip away at the mysteries of lncRNA. It also presents a new strategy for conducting high-throughput screening to rapidly identify functional lncRNAs in immune cells. The pooled-screen approach allows researchers to target thousands of genes in a single experiment, which is a much more efficient way to study uncharacterized portions of the genome than traditional experiments which focus on one gene at a time.

The research was led by immunologist Susan Carpenter, a professor and Sinsheimer Chair of UC Santa Cruz's Molecular, Cell, and Developmental Biology Department. She studies the molecular mechanisms involved in protection against infection. Specifically, she focuses on the processes that lead to inflammation to determine the role that lncRNAs play in these pathways.

"Inflammation is a central feature of just about every disease," she said. "In this study, my lab focused on trying to determine which lncRNA genes are involved in regulating inflammation."

This meant studying lncRNAs in a type of white blood cell known as a monocyte. They used a modification of the CRISPR/Cas9 technology, called CRISPR inhibition (CRISPRi), to repress gene transcription and find out which of a monocyte's lncRNAs play a role in whether it differentiates into a macrophage -- another type of white blood cell that's critical to a well-functioning immune response.

In addition, the researchers used CRISPRi to screen macrophage lncRNA for involvement in inflammation. Unexpectedly, they located a region that is multifunctional and can work as an RNA as well as containing an undiscovered peptide that regulates inflammation.

Understanding that this specific peptide regulates inflammation gives drugmakers a target to block the molecular interaction behind that response in order to suppress it, Carpenter said. "In an ideal world, you would design a small molecule to disrupt that specific interaction, instead of, say, targeting a protein that might be expressed throughout the body," she explained. "We're still a long way from targeting these pathways with that level of precision, but that's definitely the goal. There's a lot of interest in RNA therapeutics right now."

Co-authors of the study from UC Santa Cruz include Haley Halasz, Eric Malekos, Sergio Covarrubias, Samira Yitiz, Christy Montano, Lisa Sudek, and Sol Katzman, along with researchers at UCSF and MIT. The research was supported with funding from the National Institute of General Medical Sciences (R35GM137801 to Carpenter) and the National Institute of Allergy and Infectious Diseases (F31AI179201 to Malekos).
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'Invisible tweezers' use robotics and acoustic energy to achieve what human hands cannot | ScienceDaily
Undergoing surgery is seldom a pleasant experience, and it can sometimes be highly invasive. Surgical procedures have evolved steadily over the centuries, growing with the knowledge of anatomy and biology.


						
Innovative methods have also been bolstered with new tools, and a growth in the use of robotics since the 1980s has moved health care forward significantly. Assistant Professor Zhenhua Tian has pressed forward another step in the march of progress using robotics and noninvasive acoustics, and his team's work has been published in Science Advances.

Robot-assisted surgery

Surgery using robots has been invasive since its invention because cutting is involved and often other instruments are inserted into the incision. However, because robotic-assisted tools can be smaller, the cuts also tend to be smaller than traditional surgeries, making robotics a preferred choice. This form of surgery has proven its benefits and has grown in use over time, with advantages to patients including
    	Less discomfort and bleeding
    	Less time in the hospital
    	Faster recovery periods

In fact, according to the American College of Surgeons, 1.8 percent of surgeries included a robot in 2012. By 2018, that percentage had risen to 15.1 percent and continues to rise through advancements in robotics. Some of the most common procedures involving robotics include appendectomies, hysterectomies, and gastric bypasses.

Noninvasive sound treatment

While robotic-assisted surgery has its share of advantages, Tian's team has taken that idea a step beyond its current state: Team members are developing a method of moving small targets, such as cells and medicine, within a body that is noninvasive. That means the method requires no cuts.




The secret is found in acoustic energy emitters that Tian's team uses to surround and capture particles, working like invisible tweezers. The emitters create 3D acoustic vortex fields that can pass through barriers such as bone and tissue, crossing over one another to form tiny ring-shaped acoustic traps. Micro- to millimeter-sized objects caught at the center of an acoustic trap can be moved and rotated. Tian received a 2024 National Science Foundation Faculty Early Career Development Program (CAREER) award for the acoustic vortex development.

"The ability to move cells and drugs around inside veins without breaking the skin creates new opportunities in medicine," said Tian. "As we continue the work on this research, I anticipate we will find a host of new applications."

By mounting an acoustic vortex emitter onto a robotic platform, the acoustic vortex beam can be moved at the micrometer scale. Accordingly, the particle trapping area can be precisely set in a 3D space, and moving a particle after its capture can be engineered. When moving a tiny object along the winding path of a blood vessel, this can be a critical feature.

More than medicine

While Tian's team is able to move a small object behind a solid structure, the acoustic vortex beams can move particles within both gases and liquids as well. Although the current approach targets small particles within those substances, integrating the acoustic energy emitters together with robotics has applications beyond surgery and very small particles. Contactless, robotic manipulation has potential in many other applications across engineering, biology, and chemistry research. Some of those include
    	Controlling microrobots
    	Handling delicate bioparticles, such as exosomes and cells
    	Transporting hazardous reagent droplets
    	Controlling self-assembly of colloidal materials
    	Arranging nanomaterials for composite fabrication

"When we were recently participating in a STEM expo, the children who visited us enjoyed putting small beads into the invisible acoustic fields generated by our devices, but we would like to offer the opportunity for them to move larger objects," said Tian. "Next year, we hope to have a larger emitter that can hold a ping pong ball. It will be interesting to see how we plug that approach into our other research."
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Understanding a broken heart | ScienceDaily
The stress of heart failure is remembered by the body and appears to lead to recurrent failure, along with other related health issues, according to new research. Researchers have found that heart failure leaves a "stress memory" in the form of changes to the DNA modification of hematopoietic stem cells, which are involved in the production of blood and immune cells called macrophages. These immune cells play an important role in protecting heart health. However, a key signaling pathway (a chain of molecules which relays signals inside a cell), called transforming growth factor beta (TGF-b), in the hematopoietic stem cells was suppressed during heart failure, negatively affecting macrophage production. Improving TGF-b levels could be a new avenue for treating recurrent heart failure, while detecting accumulating stress memory could provide an early warning system before it occurs.


						
Healthier lives and improved well-being are among the United Nations' global Sustainable Development Goals. Positively, a recent study shows that life expectancy worldwide is projected to increase by about 4.5 years by 2050. Much of this is thanks to public health efforts to prevent disease and improved survival from illnesses, such as cardiovascular disorders. However, heart disease is still the leading cause of death worldwide, with 26 million people estimated to be affected by heart failure.

Once heart failure has occurred, it has a tendency to reoccur along with other health issues, such as kidney and muscle problems. Researchers in Japan wanted to understand what causes this recurrence and the deterioration of other organs, and whether it can be prevented.

"Based on our earlier research, we hypothesized that recurrence may be caused by stress experienced during heart failure accumulating in the body, particularly in hematopoietic stem cells," explained Project Professor Katsuhito Fujiu from the Graduate School of Medicine at the University of Tokyo. Hematopoietic stem cells are found in bone marrow and are the source of blood cells and a type of immune cell called macrophages, which help to protect heart health.

By studying mice with heart failure, the researchers found evidence of stress imprinting on the epigenome, that is, chemical changes occurred to the mice's DNA. An important signaling pathway, called the transforming growth factor beta, which is involved in regulating many cellular processes, was suppressed in the hematopoietic stem cells of mice with heart failure, leading to the production of dysfunctional immune cells.

This change persisted over an extended period of time, so when the team transplanted bone marrow from mice with heart failure into healthy mice, they found that the stem cells continued to produce dysfunctional immune cells. The latter mice later developed heart failure and became prone to organ damage.

"We termed this phenomenon stress memory because the stress from heart failure is remembered for an extended period and continues to affect the entire body. Although various other types of stress might also imprint this stress memory, we believe that the stress induced by heart failure is particularly significant," said Fujiu.

The good news is that by identifying and understanding these changes to the TGF-b signaling pathway, new avenues are now open for potential future treatments. "Completely new therapies could be considered to prevent the accumulation of this stress memory during hospitalization for heart failure," said Fujiu. "In animals with heart failure, supplementing additional active TGF-b has been shown to be a potential treatment. Correcting the epigenome of hematopoietic stem cells could also be a way to deplete stress memory."

Now that it has been identified, the team hopes to develop a system that can detect and prevent the accumulation of stress memory in humans, with a long-term goal of being able to not only prevent the recurrence of heart failure, but also catch the condition before it can fully develop.
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High H5N1 influenza levels found in mice given raw milk from infected dairy cows | ScienceDaily
Mice administered raw milk samples from dairy cows infected with H5N1 influenza experienced high virus levels in their respiratory organs and lower virus levels in other vital organs, according to findings published in the New England Journal of Medicine. The results suggest that consumption of raw milk by animals poses a risk for H5N1 infection and raises questions about its potential risk in humans.


						
Since 2003, H5N1 influenza viruses have circulated in 23 countries, primarily affecting wild birds and poultry with about 900 human cases, primarily among people who have had close contact with infected birds. In the past few years, however, a highly pathogenic avian influenza virus called HPAI H5N1 has spread to infect more than 50 animal species, and in late March, the United States reported a viral outbreak among dairy cows in Texas. To date, 52 cattle herds across nine states have been affected, with two human infections detected in farm workers with conjunctivitis. Although the virus has so far shown no genetic evidence of acquiring the ability to spread from person-to-person, public health officials are closely monitoring the dairy cow situation as part of overarching pandemic preparedness efforts.

To assess the risk of H5N1 infection by consuming raw milk, researchers from the University of Wisconsin-Madison and Texas A&M Veterinary Medical Diagnostic Laboratory fed droplets of raw milk from infected dairy cattle to five mice. The animals demonstrated signs of illness, including lethargy, on day 1 and were euthanized on day 4 to determine organ virus levels. The researchers discovered high levels of virus in the animals' nasal passages, trachea and lungs and moderate-to-low virus levels in other organs, consistent with H5N1 infections found in other mammals.

In addition to the mice studies, the researchers also tested to determine which temperatures and time intervals inactivate H5N1 virus in raw milk from dairy cows. Four milk samples with confirmed high H5N1 levels were tested at 63 degrees Celsius (145.4 degrees Fahrenheit) for 5, 10, 20 and 30 minutes, or at 72 degrees Celsius (161.6 degrees Fahrenheit) for 5, 10, 15, 20 and/or 30 seconds. Each of the time intervals at 63degC successfully killed the virus. At 72degC, virus levels were diminished but not completely inactivated after 15 and 20 seconds. The authors emphasize, however, that their laboratory study was not identical to large-scale industrial pasteurization of raw milk and reflect experimental conditions that should be replicated with direct measurement of infected milk in commercial pasteurization equipment.

In a separate experiment, the researchers stored raw milk infected with H5N1 at 4degC (39.2 degrees Fahrenheit) for five weeks and found only a small decline in virus levels, suggesting that the virus in raw milk may remain infectious when maintained at refrigerated temperatures.

To date, the U.S. Food and Drug Administration concludes that the totality of evidence continues to indicate that the commercial milk supply is safe. While laboratory benchtop studies provide important, useful information, there are limitations that challenge inferences to real world commercial processing and pasteurization. The FDA conducted an initial survey of 297 retail dairy products collected at retail locations in 17 states and represented products produced at 132 processing locations in 38 states. All of the samples were found to be negative for viable virus. These results underscore the opportunity to conduct additional studies that closely replicate real world conditions. FDA, in partnership with USDA, is conducting pasteurization validation studies -- including the use of a homogenizer and continuous flow pasteurizer. Additional results will be made available as soon as they are available.

The National Institute of Allergy and Infectious Diseases, part of the National Institutes of Health, funded the work of the University of Wisconsin-Madison researchers.
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New advances in cancer viral immunotherapy | ScienceDaily
Vaccinia viruses are therapeutic tools with different biomedical applications depending on the susceptibility characteristics. For example, the strain called MVA (modified vaccinia Ankara), which is unable to replicate in mammalian cells, triggers a potent immune system response and is used to develop vaccines against COVID-19 or AIDS. In contrast, other strains such as Western Reserve (WR) or Copenhagen (Cop), which replicate efficiently in tumour cells, are used to develop cancer treatments. For this reason, they are called immune-oncolytic viruses and are the basis of viral immunotherapy.


						
However, these viral strains have reduced immunogenicity, which makes them less effective in activating patients' immune responses against tumours.

Now, a study led by the University of Barcelona, the Bellvitge Biomedical Research Institute (IBIDELL) and the University of Munich (Germany) has developed a new strain of vaccinia virus, which can replicate in tumour cells while maintaining increased immunogenicity. Specifically, it can to induce so-called immunogenic cell death in tumour cells.

The study, published in the journal Molecular Therapy, has been carried out with the support of the Spanish Association Against Cancer (AECC) and the collaboration of the State Research Agency (AEI). The new therapeutic tool, which has been tested in a wide variety of mouse models, has been shown to have reduced toxicity and a high capacity and efficiency to activate immune responses against tumours. The virus is also effective in different cancer treatments, such as melanoma, colon and kidney cancer.

"In addition, we achieved the total disappearance of tumours in a very significant way when we administered the virus repeatedly," notes expert Juan J. Rojas, first author of the study and principal investigator of the Immunity, Inflammation and Cancer group of the Faculty of Medicine and Health Sciences of the UB and IBIDELL.

The discovery of this new viral strain represents a significant advance in viral immunotherapy research and demonstrates its therapeutic potential for treating cancer patients.
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How neurons build a 3-D vascular structure to keep the retina healthy | ScienceDaily
Scientists have known for years that a lattice of blood vessels nourishes cells in the retina that allow us to see -- but it's been a mystery how the intricate structure is created.


						
Now, researchers at UC San Francisco have found a new type of neuron that guides its formation.

The discovery, described in the May 23, 2024, issue of Cell, could one day lead to new therapies for diseases that are related to impaired blood flow in the eyes and brain.

"This is the first time anyone has seen retinal neurons using direct contact with blood vessels as a way of guiding them to form these precise 3-D lattices," said Xin Duan, PhD, an associate professor of ophthalmology and senior author of the study. "This brings us closer to the possibility of repairing them when they're damaged or rerouting them when they weren't built right in the first place."

A protein that senses the presence of nearby cells

The researchers worked with newborn mice, whose eyes still need several weeks to develop fully. Kenichi Toma, PhD, labeled the retinal neurons closest to the blood vessels with a protein that glows green under ultraviolet light so he could observe the lattice as it was forming.

The team then identified a subset of neurons, called perivascular neurons, which contact and then surround growing blood vessels, directing them to form the lattice. These perivascular neurons produce a protein called PIEZO2 that enables them to sense when they are touching another cell.




Perivascular neurons in mice that were unable to produce PIEZO2 could not maintain contact with blood vessels, and they grew in a tangled, disorganized way that disrupted blood flow.

Starved for oxygen, the surrounding nerve cells degraded, and the mutant mice were more vulnerable to stroke-like injuries.

Duan found that these neurons guide the formation of a similar network of blood vessels in the cerebellum, a part of the brain that is involved in coordination, language, and sense perception.

"The fact that we see this same pattern repeated in the brain means that damage to this lattice might have a role in multiple neurodegenerative diseases," Toma said.

The team collaborated with developmental biologist Arnold Kriegstein, MD, PhD, to confirm that perivascular retinal neurons also exist in humans.

3-D view shows how the lattice forms

Most research to date on the connection between the vascular and nervous systems has been limited by technology that only allows scientists to take two-dimensional pictures.




But Duan and Toma benefited from a new technique, using multiphoton microscopy, that Tyson Kim, MD, PhD, an assistant professor of ophthalmology, had developed to make 3-D images of retinal blood networks without disturbing the eye.

Kim helped Toma create revolving movies that captured the lattice from every angle and showed how it broke down in the absence of PIEZO2.

"We had been wanting to collaborate for some time, and this was the perfect opportunity," Kim said. "It was really a confluence of what we're each passionate about."

A new way to protect neurons

The discoveries could inspire new ways of treating neurodegenerative diseases by ensuring that neurons, which demand a lot of energy, maintain a healthy blood supply.

"There are lots of people trying to understand the ways we can grow neurons," Duan said. "But how in the world do we grow the intricate networks of blood vessels required to support them? That's the question we're trying to answer."
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Observing mammalian cells with superfast soft X-rays | ScienceDaily
Researchers have developed a new technique to view living mammalian cells. The team used a powerful laser, called a soft X-ray free electron laser, to emit ultrafast pulses of illumination at the speed of femtoseconds, or quadrillionths of a second. With this they could capture images of carbon-based structures in living cells for the first time, before the soft X-ray radiation damaged them. Refined Wolter mirrors, a type of ultraprecise mirror, were created to enable the microscope to capture images with high spatial resolution and a wide field of view. In the future, the team hopes to use this microscope to better understand the dynamic nature of cellular biology.


						
Did you know there are soft X-rays and hard X-rays? Hard X-rays are what you'll most likely have encountered, if you've been through airport security or suffered a broken limb. Soft X-rays are more typically restricted to research, from studying biology and chemistry to minerals and meteorites. Soft X-rays are able to provide chemical information about samples and detailed images at the subcellular level, but their use has been limited due to the very specialized equipment required and, in biology, the damage they cause to living cells.

However, a team of researchers has constructed a new soft X-ray microscope through which they could view live mammalian cells for the first time. They were able to take images of carbon structures within the cells, which had not been seen before through other instruments. Carbon is one of the main elements for life, so this provides a new window into a vital part of ourselves.

The microscope has two key components: a soft X-ray free electron laser; and highly precise Wolter mirrors, a type of mirror widely used in X-ray telescopes for observing space. The mirrors were made using technology created by lead author Satoru Egawa, assistant professor of the Research Center for Advanced Science and Technology at the University of Tokyo.

"A soft X-ray free electron laser provided pulse illumination at the speed of tens of femtoseconds (with one femtosecond being one-millionth of one-billionth of a second). The ultrashort duration of the radiation pulses enabled us to take an image before the structure of the living cell was altered by radiation damage," explained Egawa. "We used Wolter mirrors for illumination and imaging. These mirrors provide a wide field of view, can withstand irradiation from the powerful lasers and exhibit no color distortion, making them ideal for observing samples at various wavelengths."

Although soft X-ray free electron lasers have previously been used to study smaller viruses and bacteria, mammalian cells were too big to be studied this way. However, by using Wolter mirrors, the team could achieve a wider field of view and use a thicker sample holder which could hold larger cells. The resulting images showed details about carbon content in the cells that had not been seen through other methods, such as electron microscopy and fluorescence microscopy.

"It was surprising for us to find a carbon pathway between the nucleolus (a structure in the cell's nucleus, involved in cell function and survival) and the nuclear membrane (which envelops the nucleus), which had not been observed with visible light microscopes," said Egawa.

Brighter soft X-ray free electron lasers are available which would enable even clearer images with less grainy "noise." By adding brighter lasers and more precise Wolter mirrors, the team hopes to upgrade the microscope so that it can observe more biochemical elements. With this it could also help to illuminate some of the vital reactions and interactions which take place within living cells.
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Imperceptible sensors made from 'electronic spider silk' can be printed directly on human skin | ScienceDaily
Researchers have developed a method to make adaptive and eco-friendly sensors that can be directly and imperceptibly printed onto a wide range of biological surfaces, whether that's a finger or a flower petal.


						
The method, developed by researchers from the University of Cambridge, takes its inspiration from spider silk, which can conform and stick to a range of surfaces. These 'spider silks' also incorporate bioelectronics, so that different sensing capabilities can be added to the 'web'.

The fibres, at least 50 times smaller than a human hair, are so lightweight that the researchers printed them directly onto the fluffy seedhead of a dandelion without collapsing its structure. When printed on human skin, the fibre sensors conform to the skin and expose the sweat pores, so the wearer doesn't detect their presence. Tests of the fibres printed onto a human finger suggest they could be used as continuous health monitors.

This low-waste and low-emission method for augmenting living structures could be used in a range of fields, from healthcare and virtual reality, to electronic textiles and environmental monitoring. The results are reported in the journal Nature Electronics.

Although human skin is remarkably sensitive, augmenting it with electronic sensors could fundamentally change how we interact with the world around us. For example, sensors printed directly onto the skin could be used for continuous health monitoring, for understanding skin sensations, or could improve the sensation of 'reality' in gaming or virtual reality application.

While wearable technologies with embedded sensors, such as smartwatches, are widely available, these devices can be uncomfortable, obtrusive and can inhibit the skin's intrinsic sensations.

"If you want to accurately sense anything on a biological surface like skin or a leaf, the interface between the device and the surface is vital," said Professor Yan Yan Shery Huang from Cambridge's Department of Engineering, who led the research. "We also want bioelectronics that are completely imperceptible to the user, so they don't in any way interfere with how the user interacts with the world, and we want them to be sustainable and low waste."

There are multiple methods for making wearable sensors, but these all have drawbacks. Flexible electronics, for example, are normally printed on plastic films that don't allow gas or moisture to pass through, so it would be like wrapping your skin in cling film. Other researchers have recently developed flexible electronics that are gas-permeable, like artificial skins, but these still interfere with normal sensation, and rely on energy- and waste-intensive manufacturing techniques.




3D printing is another potential route for bioelectronics since it is less wasteful than other production methods, but leads to thicker devices that can interfere with normal behaviour. Spinning electronic fibres results in devices that are imperceptible to the user, but without a high degree of sensitivity or sophistication, and they're difficult to transfer onto the object in question.

Now, the Cambridge-led team has developed a new way of making high-performance bioelectronics that can be customised to a wide range of biological surfaces, from a fingertip to the fluffy seedhead of a dandelion, by printing them directly onto that surface. Their technique takes its inspiration in part from spiders, who create sophisticated and strong web structures adapted to their environment, using minimal material.

The researchers spun their bioelectronic 'spider silk' from PEDOT:PSS (a biocompatible conducting polymer), hyaluronic acid and polyethylene oxide. The high-performance fibres were produced from water-based solution at room temperature, which enabled the researchers to control the 'spinnability' of the fibres. The researchers then designed an orbital spinning approach to allow the fibres to morph to living surfaces, even down to microstructures such as fingerprints.

Tests of the bioelectronic fibres, on surfaces including human fingers and dandelion seedheads, showed that they provided high-quality sensor performance while remaining imperceptible to the host.

"Our spinning approach allows the bioelectronic fibres to follow the anatomy of different shapes, at both the micro and macro scale, without the need for any image recognition," said Andy Wang, the first author of the paper. "It opens up a whole different angle in terms of how sustainable electronics and sensors can be made. It's a much easier way to produce large area sensors."

Most high-resolution sensors are made in an industrial cleanroom and require toxic chemicals in a multi-step and energy-intensive fabrication process. The Cambridge-developed sensors can be made anywhere and use a tiny fraction of the energy that regular sensors require.




The bioelectronic fibres, which are repairable, can be simply washed away when they have reached the end of their useful lifetime, and generate less than a single milligram of waste: by comparison, a typical single load of laundry produces between 600 and 1500 milligrams of fibre waste.

"Using our simple fabrication technique, we can put sensors almost anywhere and repair them where and when they need it, without needing a big printing machine or a centralised manufacturing facility," said Huang. "These sensors can be made on-demand, right where they're needed, and produce minimal waste and emissions."

The researchers say their devices could be used in applications from health monitoring and virtual reality, to precision agriculture and environmental monitoring. In future, other functional materials could be incorporated into this fibre printing method, to build integrated fibre sensors for augmenting the living systems with display, computation, and energy conversion functions. The research is being commercialised with the support of Cambridge Enterprise, the University's commercialisation arm.

The research was supported in part by the European Research Council, Wellcome, the Royal Society, and the Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI).
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      Top stories featured on ScienceDaily's Space & Time, Matter & Energy, and Computers & Math sections.


      
        Modular, scalable hardware architecture for a quantum computer
        Researchers demonstrated a scalable, modular hardware platform that integrates thousands of interconnected qubits onto a customized integrated circuit. This 'quantum-system-on-chip' (QSoC) architecture enables them to precisely tune and control a dense array of qubits.

      

      
        Editing without 'cutting': Molecular mechanisms of new gene-editing tool revealed
        New research has determined the spatial structure of various processes of a novel gene-editing tool called 'prime editor.' Functional analysis based on these structures also revealed how a 'prime editor' could achieve reverse transcription, synthesizing DNA from RNA, without 'cutting' both strands of the double helix. Clarifying these molecular mechanisms contributes greatly to designing gene-editing tools accurate enough for gene therapy treatments.

      

      
        Graphene gets cleaned up
        Engineers establish the link between oxygen and graphene quality and present an oxygen-free chemical vapor deposition method (OF-CVD) that can reproducibly create high-quality samples for large-scale production. The graphene they synthesized with their new method proved nearly identical to exfoliated samples and was capable of producing the fractional quantum Hall effect.

      

      
        Moon orbiting 'dinky' asteroid is actually two tiny moons stuck together
        The moon orbiting the asteroid Dinkinesh is actually two tiny moons stuck together. Collectively called 'Selam,' the two moonlets bring new insight into the complex processes behind planetary formation and evolution.

      

      
        The case of the missing black holes
        Researchers have applied the well-understood and highly verified quantum field theory, usually applied to the study of the very small, to a new target, the early universe. Their exploration led to the conclusion that there ought to be far fewer miniature black holes than most models suggest, though observations to confirm this should soon be possible. The specific kind of black hole in question could be a contender for dark matter.

      

      
        AI helps medical professionals read confusing EEGs to save lives
        Researchers have developed an assistive machine learning model that greatly improves the ability of medical professionals to read the electroencephalography (EEG) charts of intensive care patients. Because EEG readings are the only method for knowing when unconscious patients are in danger of suffering a seizure or are having seizure-like events, the computational tool could help save thousands of lives each year.

      

      
        Electrochromic films -- like sunglasses for your windows?
        Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red...

      

      
        Researchers create materials with unique combo of stiffness, thermal insulation
        Researchers have demonstrated the ability to engineer materials that are both stiff and capable of insulating against heat. This combination of properties is extremely unusual and holds promise for a range of applications, such as the development of new thermal insulation coatings for electronic devices.

      

      
        New technique offers more precise maps of the Moon's surface
        A new study may help redefine how scientists map the surface of the Moon, making the process more streamlined and precise than ever before.

      

      
        Public have no difficulty getting to grips with an extra thumb, study finds
        Researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects. The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

      

      
        Performance of eco-friendly cooling applications enhanced
        Researchers have developed a sustainable and controllable strategy to manipulate interfacial heat transfer, paving the way for improving the performance of eco-friendly cooling in various applications such as electronics, buildings and solar panels.

      

      
        Wind farms are cheaper than you think -- and could have prevented Fukushima, says global review
        Offshore wind could have prevented the Fukushima disaster, according to a review of wind energy.

      

      
        What are the risks of hydrogen vehicles in tunnels?
        A team has analyzed the risk and damage potential of hydrogen vehicles in tunnels and derived recommendations. Their conclusion? Any damage would be extensive, but its occurrence is unlikely.

      

      
        'The magic of making electricity from metals and air' The vexing carbonate has achieved it!
        Team develops a high-energy, high-efficiency all-solid-state Na-air battery platform.

      

      
        Tracking animals without markers in the wild
        Researchers developed a computer vision framework for posture estimation and identity tracking which they can use in indoor environments as well as in the wild. They have thus taken an important step towards markerless tracking of animals in the wild using computer vision and machine learning.

      

      
        Inexpensive microplastic monitoring through porous materials and machine learning
        Optical analysis and machine learning techniques can now readily detect microplastics in marine and freshwater environments using inexpensive porous metal substrates.

      

      
        Mystery of 'slow' solar wind unveiled by Solar Orbiter mission
        Scientists have come a step closer to identifying the mysterious origins of the 'slow' solar wind, using data collected during the Solar Orbiter spacecraft's first close journey to the Sun.

      

      
        Harnessing green energy from plants depends on their circadian rhythms
        Plant hydraulics drive the biological process that moves fluids from roots to plant stems and leaves, creating streaming electric potential, or voltage, in the process. A study closely examined the differences in voltage caused by the concentrations of ions, types of ions, and pH of the fluid plants transport, tying the voltage changes to the plant's circadian rhythm that causes adjustments day and night. According to the authors, this consistent, cyclic voltage creation could be harnessed as an ...

      

      
        Close to 1 in 2 surveyed say they would use air taxis in the future
        Through a study of 1,002 participants, scientists have found that almost half (45.7 per cent) say they intend to use air taxis when they become available, with over one-third (36.2 per cent) planning to do so regularly. According to the findings, the intention to take autonomous air taxis is associated with factors such as trust in the AI technology deployed in air taxis, hedonic motivation (the fun or pleasure derived from using technology), performance expectancy (the degree to which users expe...

      

      
        Apple versus donut: How the shape of a tokamak impacts the limits of the edge of the plasma
        A new model for ballooning instabilities in apple-shaped fusion vessels considers the height and width of the plasma's edge.

      

      
        Combating carbon footprint: Novel reactor system converts carbon dioxide into usable fuel
        Boilers are a major source of greenhouse gas emissions. In a recent study, researchers developed a method to convert CO2 emissions from small boilers into methane, which makes use of an optimized reactor design that evenly distributes the CO2 feed. This, in turn, results in significantly lower temperature increments and a boost in methane production. This innovative technique could pave the way for reducing greenhouse gas emissions.

      

      
        Charge your laptop in a minute or your EV in 10? Supercapacitors can help
        Imagine if your dead laptop or phone could charge in a minute or if an electric car could be fully powered in 10 minutes. New research could lead to such advances.

      

      
        AI headphones let wearer listen to a single person in a crowd, by looking at them just once
        Engineers have developed an artificial intelligence system that lets someone wearing headphones look at a person speaking for three to five seconds to 'enroll' them. The system then plays just the enrolled speaker's voice in real time, even as the pair move around in noisy environments.

      

      
        Theory and experiment combine to shine a new light on proton spin
        Nuclear physicists have long been working to reveal how the proton gets its spin. Now, a new method that combines experimental data with state-of-the-art calculations has revealed a more detailed picture of spin contributions from the very glue that holds protons together.

      

      
        'Invisible tweezers' use robotics and acoustic energy to achieve what human hands cannot
        Undergoing surgery is seldom a pleasant experience, and it can sometimes be highly invasive. Surgical procedures have evolved steadily over the centuries, growing with the knowledge of anatomy and biology. Innovative methods have also been bolstered with new tools, and a growth in the use of robotics since the 1980s has moved health care forward significantly.

      

      
        Controlling water, transforming greenhouse gases
        Researchers have outlined a way to manipulate water molecules to make CO2R more efficient, with the ultimate goal of creating a clean energy loop. Through their new method, the team was able to perform CO2R with nearly 100% efficiency under mildly acidic conditions, using either gold or zinc as catalysts.

      

      
        Observing mammalian cells with superfast soft X-rays
        Researchers have developed a new technique to view living mammalian cells. The team used a powerful laser, called a soft X-ray free electron laser, to emit ultrafast pulses of illumination at the speed of femtoseconds, or quadrillionths of a second. With this they could capture images of carbon-based structures in living cells for the first time, before the soft X-ray radiation damaged them.

      

      
        More than spins: Exploring uncharted territory in quantum devices
        Many of today's quantum devices rely on collections of qubits, also called spins. These quantum bits have only two energy levels, the '0' and the '1'. However, spins in real devices also interact with light and vibrations known as bosons, greatly complicating calculations. Researchers now demonstrate a way to describe spin-boson systems and use this to efficiently configure quantum devices in a desired state.

      

      
        Imperceptible sensors made from 'electronic spider silk' can be printed directly on human skin
        Researchers have developed a method to make adaptive and eco-friendly sensors that can be directly and imperceptibly printed onto a wide range of biological surfaces, whether that's a finger or a flower petal.

      

      
        Breakthrough discovery uses engineered surfaces to shed heat
        Splash a few drops of water on a hot pan and if the pan is hot enough, the water will sizzle and the droplets of water seem to roll and float, hovering above the surface. The temperature at which this phenomenon, called the Leidenfrost effect, occurs is predictable, usually happening above 230 degrees Celsius. A team has now discovered a method to create the aquatic levitation at a much lower temperature.

      

      
        Innovative material for sustainable building
        Researchers introduce a polymer-based material with unique properties. This material allows sunlight to enter, maintains a more comfortable indoor climate without additional energy, and cleans itself like a lotus leaf. The new development could replace glass components in walls and roofs in the future.

      

      
        To 6G and beyond: Engineers unlock the next generation of wireless communications
        Engineers have developed a new tool that could unlock 6G and the next generation of wireless networks: an adjustable filter that can successfully prevent interference in high-frequency bands of the electromagnetic spectrum.

      

      
        Renewable grid: Recovering electricity from heat storage hits 44% efficiency
        Closing in on the theoretical maximum efficiency, devices for turning heat into electricity are edging closer to being practical for use on the grid, according to new research.

      

      
        Electromechanical material doesn't get 'clamped' down
        A new study finds that a class of electromechanically active materials called antiferroelectrics may hold the key to overcoming performance limitations due to clamping in miniaturized electromechanical systems.

      

      
        Birth of universe's earliest galaxies observed for first time
        Researchers have now seen the formation of three of the earliest galaxies in the universe, more than 13 billion years ago. The sensational discovery contributes important knowledge about the universe.

      

      
        AI poised to usher in new level of concierge services to the public
        Concierge services built on artificial intelligence have the potential to improve how hotels and other service businesses interact with customers, a new paper suggests.

      

      
        Charting a pathway to next-gen biofuels
        From soil to sequestration, researchers have modeled what a supply chain for second-generation biofuels might look like in the midwestern United States.

      

      
        Iron could be key to less expensive, greener lithium-ion batteries, research finds
        Chemistry researchers are hoping to spark a green battery revolution by showing that iron instead of cobalt and nickel can be used as a cathode material in lithium-ion batteries.

      

      
        Intriguing nearby world sized between Earth, Venus
        Astronomers have discovered a planet between the sizes of Earth and Venus only 40 light-years away.
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Modular, scalable hardware architecture for a quantum computer | ScienceDaily
Quantum computers hold the promise of being able to quickly solve extremely complex problems that might take the world's most powerful supercomputer decades to crack.


						
But achieving that performance involves building a system with millions of interconnected building blocks called qubits. Making and controlling so many qubits in a hardware architecture is an enormous challenge that scientists around the world are striving to meet.

Toward this goal, researchers at MIT and MITRE have demonstrated a scalable, modular hardware platform that integrates thousands of interconnected qubits onto a customized integrated circuit. This "quantum-system-on-chip" (QSoC) architecture enables the researchers to precisely tune and control a dense array of qubits. Multiple chips could be connected using optical networking to create a large-scale quantum communication network.

By tuning qubits across 11 frequency channels, this QSoC architecture allows for a new proposed protocol of "entanglement multiplexing" for large-scale quantum computing.

The team spent years perfecting an intricate process for manufacturing two-dimensional arrays of atom-sized qubit microchiplets and transferring thousands of them onto a carefully prepared complementary metal-oxide semiconductor (CMOS) chip. This transfer can be performed in a single step.

"We will need a large number of qubits, and great control over them, to really leverage the power of a quantum system and make it useful. We are proposing a brand new architecture and a fabrication technology that can support the scalability requirements of a hardware system for a quantum computer," says Linsen Li, an electrical engineering and computer science (EECS) graduate student and lead author of a paper on this architecture.

Li's co-authors include Ruonan Han, an associate professor in EECS, leader of the Terahertz Integrated Electronics Group, and member of the Research Laboratory of Electronics (RLE); senior author Dirk Englund, professor of EECS, principal investigator of the Quantum Photonics and Artificial Intelligence Group and of RLE; as well as others at MIT, Cornell University, the Delft Institute of Technology, the Army Research Laboratory, and the MITRE Corporation. The paper appears in Nature.




Diamond microchiplets

While there are many types of qubits, the researchers chose to use diamond color centers because of their scalability advantages. They previously used such qubits to produce integrated quantum chips with photonic circuitry.

Qubits made from diamond color centers are "artificial atoms" that carry quantum information. Because diamond color centers are solid-state systems, the qubit manufacturing is compatible with modern semiconductor fabrication processes. They are also compact and have relatively long coherence times, which refers to the amount of time a qubit's state remains stable, due to the clean environment provided by the diamond material.

In addition, diamond color centers have photonic interfaces which allows them to be remotely entangled, or connected, with other qubits that aren't adjacent to them.

"The conventional assumption in the field is that the inhomogeneity of the diamond color center is a drawback compared to identical quantum memory like ions and neutral atoms. However, we turn this challenge into an advantage by embracing the diversity of the artificial atoms: Each atom has its own spectral frequency. This allows us to communicate with individual atoms by voltage tuning them into resonance with a laser, much like tuning the dial on a tiny radio," says Englund.

This is especially difficult because the researchers must achieve this at a large scale to compensate for the qubit inhomogeneity in a large system.




To communicate across qubits, they need to have multiple such "quantum radios" dialed into the same channel. Achieving this condition becomes near-certain when scaling to thousands of qubits. To this end, the researchers surmounted that challenge by integrating a large array of diamond color center qubits onto a CMOS chip which provides the control dials. The chip can be incorporated with built-in digital logic that rapidly and automatically reconfigures the voltages, enabling the qubits to reach full connectivity.

"This compensates for the in-homogenous nature of the system. With the CMOS platform, we can quickly and dynamically tune all the qubit frequencies," Li explains.

Lock-and-release fabrication

To build this QSoC, the researchers developed a fabrication process to transfer diamond color center "microchiplets" onto a CMOS backplane at a large scale.

They started by fabricating an array of diamond color center microchiplets from a solid block of diamond. They also designed and fabricated nanoscale optical antennas that enable more efficient collection of the photons emitted by these color center qubits in free space.

Then, they designed and mapped out the chip from the semiconductor foundry. Working in the MIT.nano cleanroom, they post-processed a CMOS chip to add microscale sockets that match up with the diamond microchiplet array.

They built an in-house transfer setup in the lab and applied a lock-and-release process to integrate the two layers by locking the diamond microchiplets into the sockets on the CMOS chip. Since the diamond microchiplets are weakly bonded to the diamond surface, when they release the bulk diamond horizontally, the microchiplets stay in the sockets.

"Because we can control the fabrication of both the diamond and the CMOS chip, we can make a complementary pattern. In this way, we can transfer thousands of diamond chiplets into their corresponding sockets all at the same time," Li says.

The researchers demonstrated a 500-micron by 500-micron area transfer for an array with 1,024 diamond nanoantennas, but they could use larger diamond arrays and a larger CMOS chip to further scale up the system. In fact, they found that with more qubits, tuning the frequencies actually requires less voltage for this architecture.

"In this case, if you have more qubits, our architecture will work even better," Li says.

The team tested many nanostructures before they determined the ideal microchiplet array for the lock-and-release process. However, making quantum microchiplets is no easy task, and the process took years to perfect.

"We have iterated and developed the recipe to fabricate these diamond nanostructures in MIT cleanroom, but it is a very complicated process. It took 19 steps of nanofabrication to get the diamond quantum microchiplets, and the steps were not straightforward," he adds.

Alongside their QSoC, the researchers developed an approach to characterize the system and measure its performance on a large scale. To do this, they built a custom cryo-optical metrology setup.

Using this technique, they demonstrated an entire chip with over 4,000 qubits that could be tuned to the same frequency while maintaining their spin and optical properties. They also built a digital twin simulation that connects the experiment with digitized modeling, which helps them understand the root causes of the observed phenomenon and determine how to efficiently implement the architecture.

In the future, the researchers could boost the performance of their system by refining the materials they used to make qubits or developing more precise control processes. They could also apply this architecture to other solid-state quantum systems.
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Editing without 'cutting': Molecular mechanisms of new gene-editing tool revealed | ScienceDaily
Joint research led by Yutaro Shuto, Ryoya Nakagawa, and Osamu Nureki of the University of Tokyo determined the spatial structure of various processes of a novel gene-editing tool called "prime editor." Functional analysis based on these structures also revealed how a "prime editor" could achieve reverse transcription, synthesizing DNA from RNA, without "cutting" both strands of the double helix. Clarifying these molecular mechanisms contributes greatly to designing gene-editing tools accurate enough for gene therapy treatments. The findings were published in the journal Nature.


						
The 2020 Nobel Prize in Chemistry was awarded to Jennifer Doudna and Emmanuelle Charpentier for developing a groundbreaking yet simple way to edit DNA, the "blueprint" of living organisms. While their discovery opened new avenues for research, the accuracy of the method and safety concerns about "cutting" both strands of DNA limited its use for gene therapy treatments. As such, research has been underway to develop tools that do not have these drawbacks.

The prime editing system is one such tool, a molecule complex consisting of two components. One component is the prime editor, which combines a SpCas9 protein, used in the first CRISPR-Cas gene editing technology, and a reverse transcriptase, an enzyme that transcribes RNA into DNA. The second component is the prime editing guide RNA (pegRNA), a modified guide RNA that identifies the target sequence within the DNA and encodes the desired edit. In this complex, the prime editor works like a "word processor," accurately replacing genomic information. The tool has already been successfully implemented in living cells of organisms such as plants, zebrafish, and mice. However, precisely how this molecule complex executes each step of the editing process has not been clear, mostly due to a lack of information on its spatial structure.

"We became curious about how the unnatural combination of proteins Cas9 and reverse transcriptase work together," says Shuto, the first author of the paper.

The research team used cryogenic electron microscopy, an imaging technique that makes observations possible at a near-atomic scale. The method required samples to be in glassy ice to protect them from the potential damage by the electron beams, posing some additional challenges.

"We found the prime editor complex to be unstable under experimental conditions," explains Shuto. "So, it was very challenging to optimize the conditions for the complex to stay stable. For a long time, we could only determine the structure of Cas9."

Finally overcoming the challenges, the researchers succeeded in determining the three-dimensional structure of the prime editor complex in multiple states during reverse transcription on the target DNA. The structures revealed that the reverse transcriptase bound to the RNA-DNA complex that formed along the "part" of the Cas9 protein associated with DNA cleavage, the splitting of a single strand of the double helix. While performing the reverse transcription, the reverse transcriptase maintained its position relative to the Cas9 protein. The structural and biochemical analyses also indicated that the reverse transcriptase could lead to additional, undesired insertions.

These findings have opened new avenues for both basic and applied research. So, Shuto lays out the next steps.

"Our structure determination strategy in this study can also be applied to prime editors composed of a different Cas9 protein and reverse transcriptase. We want to utilize the newly obtained structural information to lead to the development of improved prime editors."
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Graphene gets cleaned up | ScienceDaily
Graphene has been called "the wonder material of the 21st century." Since its discovery in 2004, the material -- a single layer of carbon atoms -- has been touted for its host of unique properties, which include ultra-high electrical conductivity and remarkable tensile strength. It has the potential to transform electronics, energy storage, sensors, biomedical devices, and more. But graphene has had a dirty little secret: it's dirty.


						
Now, engineers at Columbia University and colleagues at the University of Montreal and the National Institute of Standards and Technology are poised to clean things up with an oxygen-free chemical vapor deposition (OF-CVD) method that can create high-quality graphene samples at scale. Their work, published May 29 in Nature, directly demonstrates how trace oxygen affects the growth rate of graphene and identifies the link between oxygen and graphene quality for the first time.

"We show that eliminating virtually all oxygen from the growth process is the key to achieving reproducible, high-quality CVD graphene synthesis," said senior author James Hone, Wang Fong-Jen Professor of Mechanical Engineering at Columbia Engineering. "This is a milestone towards large-scale production of graphene."

Graphene has historically been synthesized in one of two ways. There's the "scotch-tape" method, in which individual layers are peeled from a bulk sample of graphite (the same material you'll find in pencil lead) using household tape. Such exfoliated samples can be quite clean and free from impurities that would otherwise interfere with graphene's desirable properties. However, they tend to be too small -- just a few tens of micrometers across-for industrial-scale applications and, thus, better suited for lab research.

To move from lab explorations to real-world applications, researchers developed a method to synthesize large-area graphene about 15 years ago. This process, known as CVD growth, passes a carbon-containing gas, such as methane, over a copper surface at a temperature high enough (about 1000 degC) that the methane breaks apart and the carbon atoms rearrange to form a single honeycomb-shaped layer of graphene. CVD growth can be scaled up to create graphene samples that are centimeters or even meters in size. However, despite years of effort from research groups around the world, CVD-synthesized samples have suffered from problems with reproducibility and variable quality.

The issue was oxygen. In prior publications, co-authors Richard Martel and Pierre Levesque from Montreal had shown that trace amounts of oxygen can slow the growth process and even etch the graphene away. So, about six years ago, Christopher DiMarco, GSAS'19, designed and built a CVD growth system in which the amount of oxygen introduced during the deposition process could be carefully controlled.

Current PhD students Xingzhou Yan and Jacob Amontree continued DiMarco's work and further improved the growth system. They found that when trace oxygen was eliminated, CVD growth was much faster -- and gave the same results every time. They also studied the kinetics of oxygen-free CVD graphene growth and found that a simple model could predict growth rate over a range of different parameters, including gas pressure and temperature.




The quality of the OF-CVD-grown samples proved virtually identical to that of exfoliated graphene. In collaboration with colleagues in Columbia's physics department, their graphene displayed striking evidence for the fractional quantum Hall effect under magnetic fields, a quantum phenomenon that had previously only been observed in ultrahigh-quality, two-dimensional electrical systems.

From here, the team plans to develop a method to cleanly transfer their high-quality graphene from the metal growth catalyst to other functional substrates such as silicon -- the final piece of the puzzle to take full advantage of this wonder material.

"We both became fascinated by graphene and its potential as undergraduates," Amontree and Yan said. "We conducted countless experiments and synthesized thousands of samples over the past four years of our PhDs. Seeing this study finally come to fruition is a dream come true."

Additional Information: 

The work was initiated by Mechanical Engineering PhD student Christopher DiMarco and continued by current PhD students Xingzhou Yan and Jacob Amontree, who have spent the past four years modifying the system and conducting the experiments that are shown in the paper. The work was supervised by Prof. James Hone (Mechanical Engineering) and co-led by Prof. Katayun Barmak (APAM), with Prof. Abhay Pasupathy and Prof. Cory Dean (Physics) providing key contributions. Postdoc Madisen Holbrook (Physics) imaged the graphene atomic lattice, and PhD students Christian Cupo and Zhiying Wang (MECE) helped with data analysis and measurements. Physics PhD students Jordan Pack, Dihao Sun, and Adam Biachhi performed key electrical measurements.

Richard Martel and Pierre Levesque at the University of Montreal helped guide the research and test the reproducibility of the results. Dr. Angela Hight-Walker's team at the National Institute for Standards and Technology, in particular Dr. Tehseen Adel and Dr. Charlezetta Wilson-Stokes, characterized the graphene.
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Moon orbiting 'dinky' asteroid is actually two tiny moons stuck together | ScienceDaily
When NASA's Lucy spacecraft flew past its first official target Dinkinesh in November 2023, researchers discovered that the asteroid -- known as "Dinky" -- was not alone in space. A satellite asteroid, which the team named "Selam," was orbiting Dinky. As Lucy sent more data back to Earth, the researchers discovered something surprising: Selam was not just one moon, it was a contact binary -- or two moons melded together.


						
The Lucy team, which includes University of Maryland Professor of Astronomy and Geology Jessica Sunshine, detailed the unexpected finding in a paper published in the journal Nature on May 29, 2024. The researchers noted that the unusual arrangement challenges existing theories about how asteroids and other celestial bodies formed over time and provides additional insight into the internal structure, dynamics and evolutionary history of both Dinky and Selam.

"There's a lot more complexity in these small bodies than we originally thought," said Sunshine, a co-author of the paper. "With the additional observations taken by the spacecraft, we were able to better analyze features such as Dinkinesh's rotation speed and Selam's orbit pattern. We also have a better understanding of what materials they're possibly made of, bringing us a step closer to learning just how terrestrial bodies are created."

Images taken by the Lucy spacecraft revealed a trough on Dinkinesh where about a quarter of the asteroid broke off from its main body, a ridge that formed after the asteroid's structural failure and the contact binary now known as Selam (which was named after the child counterpart of the Lucy hominin fossil discovered in 1974). The team theorized that Dinky's fast spinning motion -- boosted by the uneven reflection of sunlight off the asteroid's surface -- caused it to shed and eject rocky debris into orbit. Some of the debris could have aggregated to form Selam, while another portion of the fragments rained back down on Dinky as boulders and created the ridges photographed by the Lucy spacecraft.

"One of the things that's critical to understanding how planets like Earth got here is understanding how objects behave when they hit each other, and to understand that we need to understand their strength," said lead scientist Hal Levison of Southwest Research Institute, Boulder, Colorado, principal investigator for the Lucy mission. "Basically, the planets formed when [smaller objects like asteroids] orbiting the Sun ran into each other. Whether objects break apart when they hit or stick together has a lot to do with their strength and internal structure."

The team deduced that Dinky likely had some internal strength, which allowed it to maintain most of its form.

Just how Dinky's unusual dual moons formed remains a mystery, but Sunshine said that the team's findings open the door to comparative studies with similar celestial bodies.




"I'm personally very excited to compare the Didymos binary system with this one, especially as they appear to share many similarities such as size, general shape and possibly composition despite being in totally different parts of the solar system," explained Sunshine, who was also on NASA's DART research team and helped detail the DART spacecraft's successful deflection of Didymos' small moon called Dimorphos.

"The Didymos binary system is located in a near-Earth environment while the Dinkinesh system is located much farther away from Earth in the main asteroid belt," she added. "They have very different features but we think they may have undergone similar processes to become what we know of them today."

Dinkinesh and its satellite are the first two of 11 asteroids that Lucy plans to explore over its 12-year journey. After skimming the inner edge of the main asteroid belt, Lucy heads back toward Earth for a gravity assist in December 2024. That close flyby will propel the spacecraft back through the main asteroid belt, where it will observe asteroid Donaldjohanson in April 2025, and then move on to observe the Trojan asteroids in 2027.

"Our ultimate goal is to understand the formation of celestial bodies," Sunshine said. "How do planets form? How was Earth formed? We know that big planets are formed by smaller bodies, so studying these little asteroids lets us see how materials behave and interact on a smaller scale. With Dinky and the other asteroids we're flying by, we're laying the groundwork for understanding how planets are made."
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The case of the missing black holes | ScienceDaily
Researchers at the Research Center for the Early Universe (RESCEU) and Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU, WPI) at the University of Tokyo have applied the well-understood and highly verified quantum field theory, usually applied to the study of the very small, to a new target, the early universe. Their exploration led to the conclusion that there ought to be far fewer miniature black holes than most models suggest, though observations to confirm this should soon be possible. The specific kind of black hole in question could be a contender for dark matter.


						
The study of the universe can be a daunting thing, so let's make sure we're all on the same page. Though details are fuzzy, the general consensus amongst physicists is that the universe is about 13.8 billion years old, began with a bang, expanded rapidly in a period called inflation, and somewhere along the line went from being homogenous to containing detail and structure. Most of the universe is empty, but despite this, it appears to be significantly heavier than can be explained by what we can see -- we call this discrepancy dark matter, and no one knows what this might be, but evidence is building that it might be black holes, specifically old ones.

"We call them primordial black holes (PBH), and many researchers feel they are a strong candidate for dark matter, but there would need to be plenty of them to satisfy that theory," said graduate student Jason Kristiano. "They are interesting for other reasons too, as since the recent innovation of gravitational wave astronomy, there have been discoveries of binary black hole mergers, which can be explained if PBHs exist in large numbers. But despite these strong reasons for their expected abundance, we have not seen any directly, and now we have a model which should explain why this is the case."

Kristiano and his supervisor, Professor Jun'ichi Yokoyama, presently the director of Kavli IPMU and RESCEU, have extensively explored the various models for PBH formation, but found that the leading contenders do not align with actual observations of the cosmic microwave background (CMB), which is sort of like a leftover fingerprint from the Big Bang explosion marking the beginning of the universe. And if something disagrees with solid observations, it either cannot be true or can only paint part of a picture at best. In this case, the team used a novel approach to correct the leading model of PBH formation from cosmic inflation so it better aligns with current observations and could be further verified with upcoming observations by terrestrial gravitational wave observatories around the world.

"At the beginning, the universe was incredibly small, much smaller than the size of a single atom. Cosmic inflation rapidly expanded that by 25 orders of magnitude. At that time, waves traveling through this tiny space could have had relatively large amplitudes but very short wavelengths. What we have found is that these tiny but strong waves can translate to otherwise inexplicable amplification of much longer waves we see in the present CMB," said Yokoyama. "We believe this is due to occasional instances of coherence between these early short waves, which can be explained using quantum field theory, the most robust theory we have to describe everyday phenomena such as photons or electrons. While individual short waves would be relatively powerless, coherent groups would have the power to reshape waves much larger than themselves. This is a rare instance of where a theory of something at one extreme scale seems to explain something at the opposite end of the scale."

If, as Kristiano and Yokoyama suggest, early small-scale fluctuations in the universe do affect some of the larger-scale fluctuations we see in the CMB, it might alter the standard explanation of coarse structures in the universe. But also, given we can use measurements of wavelengths in the CMB to effectively constrain the extent of corresponding wavelengths in the early universe, it necessarily constrains any other phenomena that might rely on these shorter, stronger wavelengths. And this is where the PBHs come back in.

"It is widely believed that the collapse of short but strong wavelengths in the early universe is what creates primordial black holes," said Kristiano. "Our study suggests there should be far fewer PBHs than would be needed if they are indeed a strong candidate for dark matter or gravitational wave events."

At the time of writing, the world's gravitational wave observatories, LIGO in the U.S., Virgo in Italy and KAGRA in Japan, are in the midst of an observation mission which aims to observe the first small black holes, likely PBHs. In any case, the results should offer the team solid evidence to help them refine their theory further.
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AI helps medical professionals read confusing EEGs to save lives | ScienceDaily
Researchers at Duke University have developed an assistive machine learning model that greatly improves the ability of medical professionals to read the electroencephalography (EEG) charts of intensive care patients.


						
Because EEG readings are the only method for knowing when unconscious patients are in danger of suffering a seizure or are having seizure-like events, the computational tool could help save thousands of lives each year. The results appear online May 23 in the New England Journal of Medicine AI.

EEGs use small sensors attached to the scalp to measure the brain's electrical signals, producing a long line of up and down squiggles. When a patient is having a seizure, these lines jump up and down dramatically like a seismograph during an earthquake -- a signal that is easy to recognize. But other medically important anomalies called seizure-like events are much more difficult to discern.

"The brain activity we're looking at exists along a continuum, where seizures are at one end, but there's still a lot of events in the middle that can also cause harm and require medication," said Dr. Brandon Westover, associate professor of neurology at Massachusetts General Hospital and Harvard Medical School. "The EEG patterns caused by those events are more difficult to recognize and categorize confidently, even by highly trained neurologists, which not every medical facility has. But doing so is extremely important to the health outcomes of these patients."

To build a tool to help make these determinations, the doctors turned to the laboratory of Cynthia Rudin, the Earl D. McLean, Jr. Professor of Computer Science and Electrical and Computer Engineering at Duke. Rudin and her colleagues specialize in developing "interpretable" machine learning algorithms. While most machine learning models are a "black box" that makes it impossible for a human to know how it's reaching conclusions, interpretable machine learning models essentially must show their work.

The research group started by gathering EEG samples from over 2,700 patients and having more than 120 experts pick out the relevant features in the graphs, categorizing them as either a seizure, one of four types of seizure-like events or 'other.' Each type of event appears in EEG charts as certain shapes or repetitions in the undulating lines. But because these charts are rarely steadfast in their appearance, telltale signals can be interrupted by bad data or can mix together to create a confusing chart.

"There is a ground truth, but it's difficult to read," said Stark Guo, a Ph.D. student working in Rudin's lab. "The inherent ambiguity in many of these charts meant we had to train the model to place its decisions within a continuum rather than well-defined separate bins."

When displayed visually, that continuum looks something like a multicolored starfish swimming away from a predator. Each differently colored arm represents one type of seizure-like event the EEG could represent. The closer the algorithm puts a specific chart toward the tip of an arm, the surer it is of its decision, while those placed closer to the central body are less certain.




Besides this visual classification, the algorithm also points to the patterns in the brainwaves that it used to make its determination and provides three examples of professionally diagnosed charts that it sees as being similar.

"This lets a medical professional quickly look at the important sections and either agree that the patterns are there or decide that the algorithm is off the mark," said Alina Barnett, a postdoctoral research associate in the Rudin lab. "Even if they're not highly trained to read EEGs, they can make a much more educated decision."

Putting the algorithm to the test, the collaborative team had eight medical professionals with relevant experience categorize 100 EEG samples into the six categories, once with the help of AI and once without. The performance of all of the participants greatly improved, with their overall accuracy rising from 47% to 71%. Their performance also rose above those using a similar "black box" algorithm in a previous study.

"Usually, people think that black box machine learning models are more accurate, but for many important applications, like this one, it's just not true," said Rudin. "It's much easier to troubleshoot models when they are interpretable. And in this case, the interpretable model was actually more accurate. It also provides a bird's eye view of the types of anomalous electrical signals that occur in the brain, which is really useful for care of critically ill patients."

This work was supported by the National Science Foundation (IIS-2147061, HRD-2222336, IIS-2130250, 2014431), the National Institutes of Health (R01NS102190, R01NS102574, R01NS107291, RF1AG064312, RF1NS120947, R01AG073410, R01HL161253, K23NS124656, P20GM130447) and the DHHS LB606 Nebraska Stem Cell Grant.
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Electrochromic films -- like sunglasses for your windows? | ScienceDaily
Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers in ACS Energy Letters report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red.


						
Hongbo Xu and colleagues used MOFs in their electrochromic film because of the crystalline substances' abilities to form thin films with pore sizes that can be customized by changing the length of the organic ligand that binds to the metal ion. These features enable improved current flow, more precise control over colors and durability. In demonstrations, Xu's MOF electrochromic film took 2 seconds to switch from colorless to green with an electric potential of 0.8 volts, and 2 seconds to switch to dark red with 1.6 V. The film maintained the green or red color for 40 hours when the potential dropped, unless a reverse voltage was applied to return the film to its transparent state. The film also performed reliably through 4,500 cycles of switching from colored to clear. With further optimization, the researchers say their tunable coatings could be used in smart windows that regulate indoor temperatures, as well as in smaller scale intelligent optical devices and sensors.

In addition to Xu's MOF-based electrochromic film, several other research groups have reported electrochromic coating designs, including a UV-blocking but visually transparent radiative cooling film, a colorful plant-based film that gets cooler when exposed to sunlight, and a temperature-responsive film that turns darker in cold weather and lighter when it's hot.
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Researchers create materials with unique combo of stiffness, thermal insulation | ScienceDaily
Researchers have demonstrated the ability to engineer materials that are both stiff and capable of insulating against heat. This combination of properties is extremely unusual and holds promise for a range of applications, such as the development of new thermal insulation coatings for electronic devices.


						
"Materials that have a high elastic modulus tend to also be highly thermally conductive, and vice versa," says Jun Liu, co-corresponding author of a paper on the work and an associate professor of mechanical and aerospace engineering at North Carolina State University. "In other words, if a material is stiff, it does a good job of conducting heat. And if a material is not stiff, then it is usually good at insulating against heat.

"But there are instances where you'd want materials that are stiff, but are also good insulators," Liu says. "For example, you might want to create thermal insulation coatings to protect electronics from high temperatures. Historically, that's been a challenge.

"We've now discovered a range of materials that are both stiff and excellent thermal insulators. What's more, we can engineer the materials as needed to control how stiff they are and how thermally conductive they are."

Specifically, the researchers were working with a subset of the class of materials called two-dimensional hybrid organic-inorganic perovskites (2D HOIP).

"These are thin films consisting of alternating organic and inorganic layers in a highly ordered crystalline structure," says Wei You, co-corresponding author of this paper and professor of chemistry and applied physical sciences at the University of North Carolina at Chapel Hill. "And we can tune the composition of either the inorganic or organic layer."

"We found that we can control the elastic modulus and thermal conductivity of some 2D HOIPs by replacing some of the carbon-carbon chains in the organic layers with benzene rings," says Qing Tu, co-corresponding author of this paper and an assistant professor of materials science and engineering at Texas A&M University. "Basically -- within this specific subset of layered materials -- the more benzene rings we add, the stiffer the material gets, and the better able it is to insulate against heat."

"While discovering these materials in itself holds tremendous potential for a range of applications, as researchers we are particularly excited because we've identified the mechanism that is responsible for these characteristics -- namely the critical role that the benzene rings play," says Liu.




In experiments, the researchers found at least three distinct 2D HOIP materials that became less thermally conductive the stiffer they got.

"This work is exciting because it suggests a new pathway for engineering materials with desirable combinations of properties," Liu says.

The researchers also discovered another interesting phenomenon with 2D HOIP materials. Specifically, they found that by introducing chirality into the organic layers -- i.e., making the carbon chains in those layers asymmetrical -- they could effectively maintain the same stiffness and thermal conductivity even when making substantial changes to the composition of the organic layers.

"This raises some interesting questions about whether we might be able to optimize other characteristics of these materials without having to worry about how those changes might influence the material's stiffness or thermal conductivity," says Liu.
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New technique offers more precise maps of the Moon's surface | ScienceDaily
A new study by Brown University researchers may help redefine how scientists map the surface of the Moon, making the process more streamlined and precise than ever before.


						
Published in the Planetary Science Journal, the research by Brown scholars Benjamin Boatwright and James Head describes enhancements to a mapping technique called shape-from-shading. The technique is used to create detailed models of lunar terrain, outlining craters, ridges, slopes and other surface hazards. By analyzing the way light hits different surfaces of the Moon, it allows researchers to estimate the three-dimensional shape of an object or surface from composites of two-dimensional images.

Accurate maps can help lunar mission planners to identify safe landing spots and areas of scientific interest, making mission operations smoother and more successful.

"It helps us piece together a better idea of what is actually there," said Boatwright, a postdoctoral researcher in Brown's Department of Earth, Environmental and Planetary Sciences and lead author of the new paper. "We need to understand the surface topography of the Moon where there isn't as much light, like the shadowed areas of the lunar south pole where NASA's Artemis missions are targeting. That will allow autonomous landing software to navigate and avoid hazards, like large rocks and boulders, that could endanger a mission. For that reason, you need models that map the topography of the surface at as high a resolution as possible because the more detail you have, the better."

The process to develop precision maps, however, is labor intensive and has limitations when it comes to complex lighting conditions, inaccurate shadow interpretation and handling terrain variability. The Brown researchers' improvements to the shape-from-shading technique focuses on addressing these issues.

The scholars outline in the study how advanced computer algorithms can be used to automate much of the process and significantly heighten the resolution of the models. The new software gives lunar scientists the tools to create larger maps of the Moon's surface that contain finer details at a much faster pace, the researchers say.

"Shape-from-shading requires that the images that you're using be perfectly aligned with one another so that a feature in one image is in the exact same place in another image to build up those layers of information, but current tools are not quite in a place where you can just give it bunches of images and it'll spit out a perfect product," Boatwright said. "We implemented an image alignment algorithm where it picks out features in one image and tries to find those same features in the other and then line them up, so that you're not having to sit there manually tracing interest points across multiple images, which takes a lot a of hours and brain power."

The researchers also implemented quality control algorithms and additional filters to reduce outliers from the alignment process -- tools to ensure the aligned images actually match and remove images that don't align as well. By only selecting images that end up being usable, this improves quality and takes precision down to submeter resolutions. The speed also allows for larger surface areas to be examined, increasing the production of these maps.




The researchers evaluated the accuracy of their maps by comparing them with other existing topographic models, looking for discrepancies or errors in lunar surface features. They found the maps generated using their refined shape-from-shading method were more precise compared to those derived from traditional techniques, showing more subtle features and variations of lunar surface terrain.

For the study, the researchers primarily used data from Lunar Orbiter Laser Altimeter and Lunar Reconnaissance Orbiter Camera, instruments onboard NASA's Lunar Reconnaissance Orbiter, which has been orbiting the Moon since 2009.

The scientists plan to use their refined shape-from-shading software to produce lunar maps, and they hope others will use it in their modeling efforts, as well. It's why they used open-source algorithms to produce the tool.

"These new map products are significantly better than what we had in exploration planning during the Apollo missions, and they will very much improve the mission planning and scientific return for Artemis and robotic missions," said Head, a professor of geological sciences at Brown who worked in the Apollo program.

The researchers hope the new tool will add to the current interest in the science and exploration of the Moon happening at NASA and in space agencies around the world.

"There's a wealth of information to be gained from making these types of tools accessible to all," Boatwright said. "It's an egalitarian way of doing science."

The work was supported by the NASA Goddard Space Flight Center.
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Public have no difficulty getting to grips with an extra thumb, study finds | ScienceDaily
Cambridge researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects.


						
The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

An emerging area of future technology is motor augmentation -- using motorised wearable devices such as exoskeletons or extra robotic body parts to advance our motor capabilities beyond current biological limitations.

While such devices could improve the quality of life for healthy individuals who want to enhance their productivity, the same technologies can also provide people with disabilities new ways to interact with their environment.

Professor Tamar Makin from the Medical Research Council (MRC) Cognition and Brain Sciences Unit at the University of Cambridge said: "Technology is changing our very definition of what it means to be human, with machines increasingly becoming a part of our everyday lives, and even our minds and bodies.

"These technologies open up exciting new opportunities that can benefit society, but it's vital that we consider how they can help all people equally, especially marginalised communities who are often excluded from innovation research and development. To ensure everyone will have the opportunity to participate and benefit from these exciting advances, we need to explicitly integrate and measure inclusivity during the earliest possible stages of the research and development process."

Dani Clode, a collaborator within Professor Makin's lab, has developed the Third Thumb, an extra robotic thumb aimed at increasing the wearer's range of movement, enhancing their grasping capability and expanding the carrying capacity of the hand. This allows the user to perform tasks that might be otherwise challenging or impossible to complete with one hand or to perform complex multi-handed tasks without having to coordinate with other people.




The Third Thumb is worn on the opposite side of the palm to the biological thumb and controlled by a pressure sensor placed under each big toe or foot. Pressure from the right toe pulls the Thumb across the hand, while the pressure exerted with the left toe pulls the Thumb up toward the fingers. The extent of the Thumb's movement is proportional to the pressure applied, and releasing pressure moves it back to its original position.

In 2022, the team had the opportunity to test the Third Thumb at the annual Royal Society Summer Science Exhibition, where members of the public of all ages were able to use the device during different tasks. The results are published today in Science Robotics.

Over the course of five days, the team tested 596 participants, ranging in age from three to 96 years old and from a wide range of demographic backgrounds. Of these, only four were unable to use the Third Thumb, either because it did not fit their hand securely, or because they were unable to control it with their feet (the pressure sensors developed specifically for the exhibition were not suitable for very lightweight children).

Participants were given up to a minute to familiarise themselves with the device, during which time the team explained how to perform one of two tasks.

The first task involved picking up pegs from a pegboard one at a time with just the Third Thumb and placing them in a basket. Participants were asked to move as many pegs as possible in 60 seconds. 333 participants completed this task.

The second task involved using the Third Thumb together with the wearer's biological hand to manipulate and move five or six different foam objects. The objects were of various shapes that required different manipulations to be used, increasing the dexterity of the task. Again, participants were asked to move as many objects as they could into the basket within a maximum of 60 seconds. 246 participants completed this task.




Almost everyone was able to use the device straightaway. 98% of participants were able to successfully manipulate objects using the Third Thumb during the first minute of use, with only 13 participants unable to perform the task.

Ability levels between participants were varied, but there were no differences in performance between genders, nor did handedness change performance -- despite the Thumb always being worn on the right hand. There was no definitive evidence that people who might be considered 'good with their hands' -- for example, they were learning to play a musical instrument, or their jobs involved manual dexterity -- were any better at the tasks.

Older and younger adults had a similar level of ability when using the new technology, though further investigation just within the older adults age bracket revealed a decline in performance with increasing age. The researchers say this effect could be due to the general degradation in sensorimotor and cognitive abilities that are associated with ageing and may also reflect a generational relationship to technology.

Performance was generally poorer among younger children. Six out of the 13 participants that could not complete the task were below the age of 10 years old, and of those that did complete the task, the youngest children tended to perform worse compared to older children. But even older children (aged 12-16 years) struggled more than young adults.

Dani said: "Augmentation is about designing a new relationship with technology -- creating something that extends beyond being merely a tool to becoming an extension of the body itself. Given the diversity of bodies, it's crucial that the design stage of wearable technology is as inclusive as possible. It's equally important that these devices are accessible and functional for a wide range of users. Additionally, they should be easy for people to learn and use quickly."

Co-author Lucy Dowdall, also from the MRC Cognition and Brain Science Unit, added: "If motor augmentation -- and even broader human-machine interactions -- are to be successful, they'll need to integrate seamlessly with the user's motor and cognitive abilities. We'll need to factor in different ages, genders, weight, lifestyles, disabilities -- as well as people's cultural, financial backgrounds, and even likes or dislikes of technology. Physical testing of large and diverse groups of individuals is essential to achieve this goal."

There are countless examples of where a lack of inclusive design considerations has led to technological failure:
    	Automated speech recognition systems that convert spoken language to text have been shown to perform better listening to white voices over Black voices.
    	Some augmented reality technologies have been found to be less effective for users with darker skin tones.
    	Women face a higher health risk from car accidents, due to car seats and seatbelts being primarily designed to accommodate 'average' male-sized dummies during crash testing.
    	Hazardous power and industrial tools designed for a right-hand dominant use or grip have resulted in more accidents when operated by left-handers forced to use their non-dominant hand.

This research was funded by the European Research Council, Wellcome, the Medical Research Council and Engineering and Physical Sciences Research Council.
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Performance of eco-friendly cooling applications enhanced | ScienceDaily
Researchers at the School of Engineering of the Hong Kong University of Science and Technology (HKUST) have developed a sustainable and controllable strategy to manipulate interfacial heat transfer, paving the way for improving the performance of eco-friendly cooling in various applications such as electronics, buildings and solar panels.


						
As demand for effective cooling solutions continues to grow due to the rising global temperature, scientists worldwide have been actively exploring energy-saving cooling technologies that are more effective. Compared to active cooling, which entirely depends on energy consumption to operate, passive cooling relies on natural processes and design principles to reduce heat and maintain a comfortable temperature with low or no energy consumption. This approach has therefore generated wide interest among researchers due to its eco-friendly nature and zero-electricity characteristic.

One emerging field of study is passive cooling using metal-organic frameworks (MOFs), which are porous materials that can capture water vapor from the air and be used to increase energy efficiency in room temperature space cooling applications. However, MOFs typically exhibit low thermal conductivity, making them poor thermal conductors. Moreover, the presence of adsorbed water molecules in MOFs further reduces their effective thermal conductivity. This limitation leaves little room for manipulating the intrinsic thermal transport properties of MOFs to enhance their cooling performance.

To address the issue, researchers worldwide have turned their attention to the interfacial heat dissipation between MOFs and the materials they come into contact with. Various approaches, including the use of adhesion layers, nanostructures, chemical modification, and self-assembled monolayers, have been employed to enhance the interfacial thermal conductance (ITC). However, synthesizing or fabricating buffer layers with precise atomic control is a challenging task, limiting the potential applications of these methods.

In their pioneering work, the research team led by Prof. ZHOU Yanguang from the Department of Mechanical and Aerospace Engineering at HKUST introduced a sustainable and controllable strategy to manipulate interfacial heat transfer between the contacted substrate and typical MOFs by utilizing a water adsorption process. Through comprehensive frequency-domain thermoreflectance (FDTR) measurements and molecular dynamics (MD) simulations, they have demonstrated a remarkable improvement in ITC between the contacted substrate and MOFs. The ITC was increased from 5.3 MW/m2K to 37.5 MW/m2K, representing an enhancement of approximately 7.1 times. Effective enhancements are also observed in other Au/MOF systems.

The research team attributes this improvement to the formation of dense water channels facilitated by the adsorbed water molecules within MOFs. These channels serve as additional thermal pathways, significantly enhancing thermal energy transfer across the interfaces. Further analysis using the frequency domain direct decomposition method developed by the team found that the adsorbed water not only activates the high-frequency vibrations, but also increases the overlap of vibrational density of states between the substrate and MOF which enhances the thermal energy dissipation from the substrate to MOF, highlighting the bridge effect of the adsorbed water molecules.

"This innovative study not only provides new insights into thermal transport across MOFs and other materials, but also holds great promise for enhancing the performance of cooling applications involving MOFs. By leveraging the water adsorption process, our team has achieved a breakthrough in manipulating interfacial heat transfer, paving the way for more efficient cooling technologies," said Prof. Zhou.
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Wind farms are cheaper than you think -- and could have prevented Fukushima, says global review | ScienceDaily
Offshore wind could have prevented the Fukushima disaster, according to a review of wind energy led by the University of Surrey.


						
The researchers found that offshore turbines could have averted the 2011 nuclear disaster in Japan by keeping the cooling systems running and avoiding meltdown. The team also found that wind farms are not as vulnerable to earthquakes.

Suby Bhattacharya, Professor of Geomechanics at the University of Surrey's Department of Civil and Environmental Engineering, said:

"Wind power gives us plentiful clean energy -- now we know that it could also make other facilities safer and more reliable. The global review finds that greener really is cheaper -- thanks to falling construction costs and new ways to reduce wind turbines' ecological impact."

One of the report's starkest findings was that new wind farms can produce energy over twice as cheaply as new nuclear power stations.

The lifetime cost of generating wind power in the UK has fallen dramatically, from PS160/MWh to PS44/MWh. This includes all the costs of planning, building, operating and decommissioning the wind farm over its entire life.

By comparison, the UK Government agreed to pay PS92.50/MWh for energy produced at Hinkley Point C nuclear power station.

Professor Bhattacharya said:

"What makes wind so attractive is that the fuel is free -- and the cost of building turbines is falling. There is enough of it blowing around the world to power the planet 18 times over. Our report shows the industry is ironing out practical challenges and making this green power sustainable, too."

Although less power is generated in calmer conditions, the electricity generated could be stored in batteries -- as planned for the Ishikari project off the coast of Hokkaido, Japan. Or it could be used to produce hydrogen from seawater -- giving us the fuel of the future.
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What are the risks of hydrogen vehicles in tunnels? | ScienceDaily
In addition to electric vehicles, hydrogen-powered vehicles are also seen as an alternative to conventionally powered vehicles. However, an increase in the number of such cars with fuel cells (fuel cell electric vehicles -- FCEVs) would also result in completely new hazard scenarios, especially in tunnels. In the HyTRA project, Graz University of Technology (TU Graz) has investigated what types of incidents involving hydrogen-powered vehicles in tunnels are realistic, what dangers arise for people and the tunnel structure, and what measures can be taken to minimise these risks. The project was funded by the Austrian Research Promotion Agency (FFG), the Federal Ministry for Climate Protection, Environment, Energy, Mobility, Innovation and Technology (BMK) and ASFINAG.


						
Low probability of occurrence, high damage potential

There is virtually no empirical data on real accidents involving hydrogen-powered vehicles in tunnels due to their low traffic share to date. Therefore, only a rough estimate of the probability of occurrence could be made based on experience with gas-powered vehicles, which indicated a low probability. In comparison, the potential extent of damage was analysed in great detail on the basis of experiments from the EU HyTunnel-CS project, which ended in 2022. Due to the high energy density of hydrogen and the high pressure at which it is stored, FCEVs have a very high damage potential.

According to the current standard, hydrogen is stored in cars at a pressure of 700 bar and in lorries and buses at 350 bar. If damage occurs to a tank, a great deal of energy is quickly released; if hydrogen catches fire, it burns at temperatures of over 2000 degrees Celsius. Although the tanks are very robust and well protected against mechanical impact, they cannot withstand a rear-end collision with a lorry. This scenario should therefore be avoided as far as possible.

Three hazard scenarios

The most likely outcome of an accident involving an FCEV is that there will be no significant impact from the hydrogen. However, three different hazard scenarios can occur in the event of serious accidents. In the first case, the thermal pressure relief device (TPRD) is triggered when the pressure rises as a result of a thermal impact (e.g. vehicle fire), releasing the hydrogen from the tank in a controlled jet. This keeps the pressure at a certain level and prevents the tank from rupturing. If the discharged hydrogen ignites -- which can easily happen when mixed with air -, the flame is directed towards the ground. Nevertheless, it remains dangerous because hydrogen burns without colour or odour, but the danger zone is limited. If the TPRD fails, the tank can explode, creating a blast wave that spreads through the entire tunnel. Up to approx. 30 metres there is a risk of death, up to approx. 300 metres there is a risk of serious internal injuries such as bleeding to the lungs, and further away there is still a risk of ruptured eardrums.

The third scenario is the least likely. It occurs when the hydrogen is released without being ignited. As the lightest element in the periodic table, hydrogen rises and collects in a cloud under the tunnel ceiling. If there is an ignition source there (e.g. hot lamps or an electrical impulse starting a fan), a hydrogen cloud explosion follows, which also causes a blast wave.

Less speed and sufficient distance

"Our investigations have shown that although the hazard scenarios involving hydrogen vehicles are relatively unlikely, they harbour great potential for damage. Modern hydrogen tanks are built so safely that a lot has to go wrong for the hydrogen to escape," says Daniel Fruhwirt from the Institute of Thermodynamics and Sustainable Propulsion Systems. "In addition, the transport infrastructure in Austrian tunnels probably fulfils the strictest requirements in Europe. Since we only have one operator for all motorway and highway tunnels, the safety level is also very homogeneous. In terms of infrastructure, there is hardly any risk of damage to the tunnel structure, but accidents would be dangerous for people."

To minimise the risks, Daniel Fruhwirt and his project team have recommended several measures. Stricter speed limits that are monitored with section control, precise distance controls that signal to drivers when they are following too closely, and speed limits that are displayed earlier in traffic jams so that the speed is already low enough when arriving at the end of the jam to cause only minor damage in the event of a rear-end collision. "What has already been implemented in most EU member states as a result of the serious events at the end of the 1990s and early 2000s, is that all tunnels on motorways and highways with a length of more than 500 metres are twin-tube tunnels and are generally no longer used for bi-directional traffic. This reduces the risk considerably," explains Daniel Fruhwirt.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240528115055.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



'The magic of making electricity from metals and air' The vexing carbonate has achieved it! | ScienceDaily
The flower mentioned in the children's song "Orchard Road" is actually from the acacia tree. Acacia blossom honey predominates in Korea's honey production, serving a multitude of purposes. Interestingly, the acacia tree was once considered useless. Recently, the scientific community published an interesting study that revitalizes carbonates, offering them a fresh perspective.


						
Led by Professor Byoungwoo Kang and Dr. Heetaek Park (currently, working for the Next Generation Battery Research Center at Korea Electrotechnology Research Institute) from the Department of Materials Science and Engineering at Pohang University of Science and Technology (POSTECH), a research team has successfully developed a high-energy, high-efficiency all-solid-state sodium-air battery. This battery can reversibly utilize sodium (Na) and air without requiring special equipment. The findings of this research have been published in the international journal Nature Communications.

Secondary batteries find extensive use in green technologies such as electric vehicles and energy storage systems. The next-generation high-capacity secondary batteries, termed "metal-air batteries," draws power from abundant resources like oxygen and metals found on Earth. However, a challenge arises from the formation of carbonate -- a byproduct of metal and oxygen reaction involving atmospheric carbon dioxide (CO2) and water vapor (H2O) -- which sacrifices battery efficiency. To address this, despite the name, metal-air batteries typically require additional equipment such as an oxygen permeation membrane to either purify oxygen or selectively use atmospheric oxygen.

In this research, the team employed Nasicon, which is a Na superionic conductor and a solid electrolyte, to effectively tackle the carbonate issue. Nasicon, comprising elements like Na, silicon (Si), and zirconium (Zr), serves as a solid electrolyte capable of ion movement in the solid state while demonstrating high electrochemical and chemical stability. Leveraging this solid electrolyte, the team protected sodium metal electrodes from air and facilitated the breakdown of carbonate formed during electrochemical cell operation.

Consequently, the reversible electrochemical reaction involving carbonate led to an increase in the cell's energy density by increasing a working voltage while significantly reducing the voltage gap during charging and discharging, thus enhancing energy efficiency. Moreover, the team's all-solid-state sodium-air cell exhibited superior kinetic capability through in-situ formed catholyte, which has a fast sodium ion conduction to the inside of the electrode. Remarkably, the cell operated solely on metal and air without additional special equipment for an additional oxygen filtration device.

Professor Byoungwoo Kang who led the research remarked, "We've devised a method to harness carbonate, a longstanding challenge in the development of high-energy metal-air batteries." He expressed his expectation by stating, "We hope to lead the field of the next generation all-solid-state metal-air batteries, leveraging a solid electrolyte-based cell platform that remains stable in ambient conditions and offers a broad voltage range."
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Tracking animals without markers in the wild | ScienceDaily
Researchers from the Cluster of Excellence Collective Behaviour developed a computer vision framework for posture estimation and identity tracking which they can use in indoor environments as well as in the wild. They have thus taken an important step towards markerless tracking of animals in the wild using computer vision and machine learning.


						
Two pigeons are pecking grains in a park in Konstanz. A third pigeon flies in. There are four cameras in the immediate vicinity. Doctoral students Alex Chan and Urs Waldmann from the Cluster of Excellence Collective Behaviour at the University of Konstanz are filming the scene. After an hour, they return with the footage to their office to analyze it with a computer vision framework for posture estimation and identity tracking. The framework detects and draws a box around all pigeons. It records central body parts and determines their posture, their position, and their interaction with the other pigeons around them. All of this happened without any markers being attached to pigeons or any need for human being called in to help. This would not have been possible just a few years ago.

3D-MuPPET, a framework to estimate and track 3D poses of up to 10 pigeons

Markerless methods for animal posture tracking have been rapidly developed recently, but frameworks and benchmarks for tracking large animal groups in 3D are still lacking. To overcome this gap, researchers from the Cluster of Excellence Collective Behaviour at the University of Konstanz and the Max Planck Institute of Animal Behavior present 3D-MuPPET, a framework to estimate and track 3D poses of up to 10 pigeons at interactive speed using multiple camera views. The related publication was recently published in the International Journal of Computer Vision (IJCV).

Important milestone in animal posture tracking and automatic behavioural analysis

Urs Waldmann and Alex Chan recently finalized a new method, called 3D-MuPPET, which stands for 3D Multi-Pigeon Pose Estimation and Tracking. 3D-MuPPET is a computer vision framework for posture estimation and identity tracking for up to 10 individual pigeons from 4 camera views, based on data collected both in captive environments and even in the wild. "We trained a 2D keypoint detector and triangulated points into 3D, and also show that models trained on single pigeon data work well with multi-pigeon data," explains Urs Waldmann. This is a first example of 3D animal posture tracking for an entire group of up to 10 individuals. Thus, the new framework provides a concrete method for biologists to create experiments and measure animal posture for automatic behavioural analysis. "This framework is an important milestone in animal posture tracking and automatic behavioural analysis," as Alex Chan and Urs Waldmann say.

Framework can be used in the wild

In addition to tracking pigeons indoors, the framework is also extended to pigeons in the wild. "Using a model that can identify the outline of any object in an image called the Segment Anything Model, we further trained a 2D keypoint detector with a masked pigeon from the captive data, then applied the model to pigeon videos outdoors without any extra model finetuning," states Alex Chan. 3D-MuPPET presents one of the first case-studies on how to transition from tracking animals in captivity towards tracking animals in the wild, allowing fine-scaled behaviours of animals to be measured in their natural habitats. The developed methods can potentially be applied across other species in future work, with potential application for large scale collective behaviour research and species monitoring in a non-invasive way.

3D-MuPPET showcases a powerful and flexible framework for researchers who would like to use 3D posture reconstruction for multiple individuals to study collective behaviour in any environments or species. As long as a multi-camera setup and a 2D posture estimator is available, the framework can be applied to track 3D postures of any animals.
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Inexpensive microplastic monitoring through porous materials and machine learning | ScienceDaily
Optical analysis and machine learning techniques can now readily detect microplastics in marine and freshwater environments using inexpensive porous metal substrates. Details of the method, developed by researchers at Nagoya University with collaborators at the National Institute for Materials Sciences in Japan and others, are published in the journal Nature Communications.


						
Detecting and identifying microplastics in water samples is essential for environmental monitoring but is challenging due in part to the structural similarity of microplastics with natural organic compounds derived from biofilms, algae, and decaying organic matter. Existing detection methods generally require complex separation techniques that are time-consuming and costly.

"Our new method can simultaneously separate and measure the abundance of six key types of microplastics -- polystyrene, polyethylene, polymethylmethacrylate, polytetrafluoroethylene, nylon and polyethylene terephthalate," says Dr. Olga Guselnikova of the National Institute for Materials Science (NIMS).

The system uses a porous metal foam to capture microplastics from solution and detect them optically using a process called surface-enhanced Raman spectroscopy (SERS). "The SERS data obtained is highly complex," explains Dr. Joel Henzie of NIMS, "but it contains discernible patterns that can be interpreted using modern machine learning techniques."

To analyse the data, the team created a neural network computer algorithm called SpecATNet. This algorithm learns how to interpret the patterns in the optical measurements to identify the target microplastics more quickly and with higher accuracy than traditional methods.

"Our procedure holds immense potential for monitoring microplastics in samples obtained directly from the environment, with no pretreatment required, while being unaffected by possible contaminants that could interfere with other methods," says Professor Yusuke Yamauchi of Nagoya University.

The researchers hope their innovation will greatly assist society in evaluating the significance of microplastic pollution on public health and the health of all organisms in marine and freshwater environments. By creating inexpensive microplastic sensors and open-source algorithms to interpret data, they hope to enable the rapid detection of microplastics, even in resource-limited labs.

Currently, materials required for the new system bring cost savings of 90 to 95% compared to commercially available alternatives. The group plans to drive the cost of these sensors down even further and make the methods simple to replicate without the need for expensive facilities. In addition, the researchers hope to expand the capability of the SpecATNet neural network to detect a broader range of microplastics and even accept different kinds of spectroscopic data in addition to SERS data.
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Mystery of 'slow' solar wind unveiled by Solar Orbiter mission | ScienceDaily
Scientists have come a step closer to identifying the mysterious origins of the 'slow' solar wind, using data collected during the Solar Orbiter spacecraft's first close journey to the Sun.


						
Solar wind, which can travel at hundreds of kilometres per second, has fascinated scientists for years, and new research published in Nature Astronomy, is finally shedding light on how it forms.

Solar wind describes the continuous outflow of charged plasma particles from the Sun into space -- with wind travelling at over 500km per second known as 'fast' and under 500km per second described as 'slow'.

When this wind hits the Earth's atmosphere it can result in the stunning aurora we know as the Northern Lights. But when larger quantities of plasma are released, in the form of a coronal mass ejection, it can also be hazardous, causing significant damage to satellites and communications systems.

Despite decades of observations, the sources and mechanisms that release, accelerate and transport solar wind plasma away from the Sun and into our solar system are not well understood -- particularly the slow solar wind.

In 2020 the European Space Agency (ESA), with support from NASA, launched the Solar Orbiter mission. As well as capturing the closest and most detailed images of the Sun ever taken, one of the mission's main aims is to measure and link the solar wind back to its area of origin on the Sun's surface.

Described as 'the most complex scientific laboratory ever to have been sent to the Sun', there are ten different scientific instruments onboard Solar Orbiter -- some in situ to collect and analyse samples of the solar wind as it passes the spacecraft, and other remote sensing instruments designed to capture high quality images of activity at the Sun's surface.




By combining photographic and instrumental data, scientists have for the first time been able to identify more clearly where the slow solar wind originates. This has helped them to establish how it is able to leave the Sun and begin its journey into the heliosphere -- the giant bubble around the Sun and its planets which protect our solar system from interstellar radiation.

Dr Steph Yardley of Northumbria University, Newcastle upon Tyne, led the research and explains: "The variability of solar wind streams measured in situ at a spacecraft close to the Sun provide us with a lot of information on their sources, and although past studies have traced the origins of the solar wind, this was done much closer to Earth, by which time this variability is lost.

"Because Solar Orbiter travels so close to the Sun, we can capture the complex nature of the solar wind to get a much clearer picture of its origins and how this complexity is driven by the changes in different source regions."

The difference between the speed of the fast and slow solar wind is thought to be due to the different areas of the Sun's corona, the outermost layer of its atmosphere, that they originate from.

The open corona refers to regions where magnetic field lines anchor to the Sun at only one end, and stretch out into space on the other, creating a highway for solar material to escape into space. These areas are cooler and are believed to be the source of the fast solar wind.

Meanwhile the closed corona refers to regions of the Sun where its magnetic field lines are closed -- meaning they are connected to the solar surface at both ends. These can be seen as large bright loops that form over magnetically active regions.




Occasionally these closed magnetic loops will break, providing a brief opportunity for solar material to escape, in the same way it does through open magnetic field lines, before reconnecting and forming a closed loop once again. This generally takes place in areas where the open and closed corona meet.

One of the aims of Solar Orbiter is to test a theory that the slow solar wind originates from the closed corona and is able to escape into space through this process of magnetic field lines breaking and reconnecting.

One way the scientific team were able to test this theory was by measuring the 'composition' or make up of solar wind streams.

The combination of heavy ions contained in solar material differs depending on where it has originated from; the hotter, closed versus the cooler, open corona.

Using the instruments onboard Solar Orbiter, the team were able to analyse the activity taking place on the surface of the Sun and then match this with the solar wind streams collected by the spacecraft.

Using the images of the Sun's surface captured by Solar Orbiter they were able to pinpoint that the slow wind streams had come from an area where the open and closed corona met, proving the theory that the slow wind is able to escape from closed magnetic field lines through the process of breaking and reconnection.

As Dr Yardley, of Northumbria University's Solar and Space Physics research group, explains: "The varying composition of the solar wind measured at Solar Orbiter was consistent with the change in composition across the sources in the corona.

"The changes in composition of the heavy ions along with the electrons provide strong evidence that not only is the variability driven by the different source regions, but it is also due to reconnection processes occurring between the closed and open loops in the corona."

The ESA Solar Orbiter mission is an international collaboration, with scientists and institutions from around the world working together, contributing specialist skills and equipment.

Daniel Muller, ESA Project Scientist for Solar Orbiter, said: "From the beginning, a central goal of the Solar Orbiter mission has been to link dynamic events on the Sun to their impact on the surrounding plasma bubble of the heliosphere.

"To achieve this, we need to combine remote observations of the Sun with in-situ measurements of the solar wind as it flows past the spacecraft. I am immensely proud of the entire team for making these complex measurements successfully.

"This result confirms that Solar Orbiter is able to make robust connections between the solar wind and its source regions on the solar surface. This was a key objective of the mission and opens the way for us to study the solar wind's origin in unprecedented detail."

Among the instruments onboard Solar Orbiter is the Heavy Ion Sensor (HIS), developed in part by researchers and engineers from the University of Michigan's Space Physics Research Laboratory in the department of Climate and Space Sciences and Engineering. The sensor was designed to measure heavy ions in the solar wind, which can be used to determine where the solar wind came from.

"Each region of the Sun can have a unique combination of heavy ions, which determines the chemical composition of a stream of solar wind. Because the chemical composition of the solar wind remains constant as it travels out into the solar system, we can use these ions as a fingerprint to determine the origin of a specific stream of the solar wind in the lower part of the Sun's atmosphere," said Susan Lepri, a professor of climate and spaces sciences and engineering at the University of Michigan and the deputy principal investigator of the Heavy Ion Sensor.

The electrons in the solar wind are measured by an Electron Analyser System (EAS), developed by UCL's Mullard Space Science Laboratory, where Dr Yardley is an Honorary Fellow.

Professor Christopher Owen, of UCL, said: "The instrument teams spent more than a decade designing, building and preparing their sensors for launch, as well as planning how best to operate them in a coordinated way. So it is highly gratifying to now see the data being put together to reveal which regions of the Sun are driving the slow solar wind and its variability."

The Proton-Alpha Sensor (PAS), which measures wind speed, has been designed and developed by Paul Sabatier University's Institut de Recherche en Astrophysique et Planetologie in Toulouse, France.

Together, these instruments make up the Solar Wind Analyser senor suiteon board Solar Orbiter, for which UCL's Professor Christopher Owen is principal investigator.

Speaking about future research plans, Dr Yardley said: "So far, we have only analysed Solar Orbiter data in this way for this particular interval. It will be very interesting to look at other cases using Solar Orbiter and to also make a comparison to datasets from other close-in missions such as NASA's Parker Solar Probe."
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Harnessing green energy from plants depends on their circadian rhythms | ScienceDaily
When plants draw water from their roots to nourish their stems and leaves, they produce an electric potential that could be harnessed as a renewable energy source. However, like all living things, plants are subject to a circadian rhythm -- the biological clock that runs through day and night cycles and influences biological processes. In plants, this daily cycle includes capturing light energy for photosynthesis and absorbing water and nutrients from the soil during the day and slowing its growth processes at night.


						
In a study published in Physics of Fluids, by AIP Publishing, the researchers from the Indian Institute of Technology Kharagpur detailed how biological processes produce voltage in plants and the impact of the cyclic day and night changes on this voltage.

"This streaming potential, essentially a consequence of the natural energy gathered in the plant, offers a renewable energy source that is continuous and can be sustainable over long periods," author Suman Chakraborty said. "The question we wanted to answer was how much potential it can produce, and how is electric potential influenced by the plant's biological clock?"

To find out, the authors inserted electrodes into the stems of water hyacinths and attached reservoirs with electrodes to pieces of lucky bamboo to closely examine how electrical potential changes depending on types of ions, ion concentration, and the pH of the fluid flowing through the plants.

"Our eureka moment was when our first experiments showed it is possible to produce electricity in a cyclic rhythm and the precise linkage between this and the plant's inherent daily rhythm," Chakraborty said. "We could exactly pinpoint how this is related to water transpiration and the ions the plant carries via the ascent of sap."

The study quantified the voltage response originating from the movement of ions through the plant's pathways that align uniquely with the plant's daily rhythms. The authors discovered plants can actively moderate the flow of fluid or sap in sync with the day and night cycles. They also found the electric streaming potential increases with decreased concentration of ions or increased pH in the fluid.

"We not only rediscovered the plant's electrical rhythm, articulating it in terms of voltages and currents, but we also provided insight into potentially tapping electrical power output from plants in a sustainable manner with no environmental impact and no disruption to the ecosystem," Chakraborty said. "The findings could help develop biomimetic, nature-inspired systems that can address the global energy crisis with an eco-friendly, sustainable solution in which planting a tree not only relieves the crises of climate change and declining environmental quality, but also provides a way to harness electricity from it."
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Close to 1 in 2 surveyed say they would use air taxis in the future | ScienceDaily
A study by researchers from Nanyang Technological University, Singapore (NTU Singapore) has found that Singaporeans are open to ride air taxis, which are small autonomous aircraft that carry passengers over short distances. Through a study of 1,002 participants, the NTU Singapore team found that almost half (45.7 per cent) say they intend to use this mode of transport when it becomes available, with over one-third (36.2 per cent) planning to do so regularly.


						
According to the findings published online in the journal Technology in Society in April, the intention to take autonomous air taxis is associated with factors such as trust in the AI technology deployed in air taxis, hedonic motivation (the fun or pleasure derived from using technology), performance expectancy (the degree to which users expect that using the system will benefit them), and news media attention (the amount of attention paid to news about air taxis).

Air taxis and autonomous drone services are close to becoming a reality: China's aviation authority issued its first safety approval certification last year to a Chinese drone maker for trial operations, and in Europe, authorities are working to certify air taxis safe to serve passengers at the Paris Olympics this year.

For Singapore, which is looking to become a base for air taxi companies1, the study findings could help the sector achieve lift-off, said the research team from NTU's Wee Kim Wee School of Communication and Information (WKWSCI) led by Professor Shirley Ho. Professor Ho, who is also NTU's Associate Vice President for Humanities, Social Sciences & Research Communication, said: "Even though air taxis have yet to be deployed in Singapore, close to half of those surveyed said they would be keen to take one. Singapore aims to become base for air taxi firms[1]; CAAS working with regional counterparts on guidelines, CNA 2 air taxis in the future. This signifies a positive step forward for a nascent technology. Our study represents a significant step forward in understanding the factors that influence one's intention to take air taxis. Insights into the public perception of air taxis will enable policymakers and tech developers to design targeted interventions that encourage air taxi use as they look to build up an air taxi industry in Singapore."

The study aligns with NTU's goal of pursuing research aligned with national priorities and with the potential for significant intellectual and societal impact, as articulated in the NTU 2025 five-year strategic plan.

How the study was conducted 

To gauge the public perception of air taxis, the NTU WKWSCI team surveyed 1,002 Singaporeans and permanent residents, drawing on a validated model[2] that measures technology acceptance and use and the factors driving this behaviour.




Participants were asked to score on a five-point scale in response to various statements about factors such as their trust in the AI system used in air taxis, their attention to news reports on air taxis, their perceived ease of use and usefulness of air taxis, as well as their attitudes and intention to take air taxis in the future.

The scores for each participant were then tabulated and used in statistical analyses to find out how these factors related to the participant's intention to take air taxis.

"Generally positive" sentiment about air taxis

Upon tabulating the scores, the researchers found that sentiments around air taxis are generally positive among the participants. Almost half (45.7 per cent) said they intend to use this mode of transport when it becomes available. Close to four in 10 (36.2 per cent) said they plan to do so regularly.

Close to six in 10 (57 per cent) thought taking air taxis would be fun, and 53 per cent said they were excited about taking air taxis.

Six in 10 (60.9 per cent) agreed that taking air taxis would help to get things done more quickly, and 61.2 per cent believed that it would increase productivity.




Half the participants also trusted the competency of the AI technology used in air taxis, and the AI engineers building the technology. Five in 10 (52.9 per cent) agreed that the AI system in air taxis would be competent and effective at helping to transport people.

Factors that predict air taxi use

Upon conducting statistical analyses on the survey data, the researchers found that the following factors directly impacted participants' intention to take air taxis:
    	news media attention;
    	trust in the AI system used in air taxis;
    	attitude towards air taxis;
    	performance expectancy;
    	hedonic motivation;
    	price value;
    	social influence;
    	habit (the perception that taking air taxis could become a habit).

These findings suggest that when Singaporeans consider whether they would use autonomous air taxis, not only do they value the practical aspects of the technology, but also how much they can trust the AI system, said NTU WKWSCI's PhD student Justin Cheung, a co-author of the study.

Surprisingly, habit was the most robust predictor of people's intention to use air taxis, despite the relatively smaller number of participants who agreed that taking the vehicles would become a habit for them, he said. This suggests that while the user base for autonomous passenger drones may be small, it could be a loyal one, he added.

Another robust predictor of use intention was attention to news media. In addition, the researchers found that news media attention could shape intentions to use air taxis and attitudes towards them by influencing trust in the AI systems, as well as the engineers who develop the AI systems behind air taxis.

Prof Ho said: "When technologies are yet to be deployed in the public sphere, news media offers the main and, in many instances, the only source of information for members of the public. Our findings suggest that policymakers could leverage positive news media reporting when introducing air taxis to shape public perceptions and thereby use intention."

Credibility affects trust in media reports on AI technology

These findings build on a study authored by Prof Ho and WKWSCI research fellow Goh Tong Jee. Published online in journal Science Communication in May, the study identified considerations that could affect the public's trust in media organisations, policymakers and tech developers that introduce AI in autonomous vehicles (AVs).

Through six focus group discussions with 56 drivers and non-drivers, the researchers found that media credibility is a foundation upon which the public would evaluate the trustworthiness of media organisations.

The focus group discussion participants said they would consider qualities such as balance, comprehensiveness, persuasiveness and objectivity of media organisations when assessing their ability to create quality content.

The researchers also found that non-drivers raised more qualities than drivers regarding trust in media organisations. The researchers attributed this observation to the enthusiasm non-drivers could have over the prospective use of AVs, which drove the non-drivers' tendency to seek information.

Some qualities raised only by non-drivers during the focus group discussions include a media organisation's ability to spur discussions on whether AV is a need or a want. Another consideration is a media organisation's ability to create varied content.

Non-drivers also shared their expectations that media organisations should be transparent and reveal "unflattering" information in the public's interest during crises, even if it means affecting the reputation of policymakers or tech developers.

The findings from these two studies reaffirm the need for accurate and balanced reporting on AVs such as air taxis, due to the role news media can play in shaping public perception, and the public's expectations of media organisations, said Prof Ho.

Prof Ho added: "The two studies highlight the importance for media organisations to translate emerging scientific evidence accurately to facilitate informed decision-making. Given the speed at which innovative technologies emerge in the age of digitalisation, accurate science communication has never been more crucial."

Notes;

[1]Singapore aims to become base for air taxi firms; CAAS working with regional counterparts on guidelines, CNA

[2] This model, called the Unified Theory of Acceptance and Use of Technology 2, is a validated technology acceptance model that aims to explain user intentions to use an information system and subsequent usage behaviour.
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Apple versus donut: How the shape of a tokamak impacts the limits of the edge of the plasma | ScienceDaily
Harnessing energy from plasma requires a precise understanding of its behavior during fusion to keep it hot, dense and stable. A new theoretical model about a plasma's edge, which can become unstable and bulge, brings the prospect of commercial fusion power closer to reality.


						
"The model refines the thinking on stabilizing the edge of the plasma for different tokamak shapes," said Jason Parisi, a staff research physicist at PPPL. Parisi is the lead author of three articles describing the model that were published in the journals Nuclear Fusion and Physics of Plasma. The primary paper focuses on a part of the plasma called the pedestal, which is located at the edge. The pedestal is prone to instabilities because the plasma's temperature and pressure often drop sharply across this area.

The new model is noteworthy because it is the first to match pedestal behaviors that were seen in the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) National Spherical Torus Experiment (NSTX). While conventional tokamaks are shaped like donuts, NSTX is one of several tokamaks that are shaped more like a cored apple. The difference in tokamak proportions impacts plasma and, as the model indicates, the pedestal.

Ballooning instabilities

Parisi, together with a team of scientists, explored the limits of pedestals and investigated how much pressure could be applied to plasma inside a fusion reactor before instabilities appeared. In particular, they studied disruptions in the pedestal called ballooning instabilities: bulges of plasma that jut out, like the end of a long balloon when squeezed.

"The model is an extension of a model that people have used in the field for maybe 10 years, but we made the ballooning stability calculation a lot more sophisticated," Parisi said.

To develop their model, the scientists looked at the relationship between pedestal measurements -- height and width -- and ballooning instabilities. Parisi said the new model fit on the first try. "I was surprised by how well it works. We tried to break the model to ensure it was accurate, but it fits the data really well," he said.




Expanding the EPED model

The existing model, known as EPED, was known to work for donut-shaped tokamaks but not for the spherical variety. "We decided to give it a go, and just by changing one part of EPED, now it works really well," Parisi said. The results also give researchers a clearer picture of the contrast between the two tokamak designs.

"There is certainly a big difference between the stability boundary for the apple shape and the standard-shaped tokamak, and our model can now somewhat explain why that difference exists," he said. The findings could help minimize plasma disruptions.

Tokamaks are designed to intensify the pressure and temperature of plasma, but instabilities can thwart those efforts. If plasma bulges out and touches the walls of the reactor, for example, it can erode the walls over time. Instabilities can also radiate energy away from the plasma. Knowing how steep a pedestal can be before instabilities occur could help researchers find ways to optimize plasmas for fusion reactions based on the proportions of the tokamak.

While he added that it's not yet clear which shape is more advantageous, the model suggests other experiments that would try to exploit the positive aspects of the apple shape and see how much benefit they could provide.

Fundamentally, the new model enhances our understanding of pedestals and brings scientists closer to achieving the greater goal of designing a fusion reactor that generates more power than it consumes.




Plasma shape and pedestal measurements

Parisi's second paper in the series explores how well the EPED model aligns with the height and width of the pedestal for different plasma shapes.

"Your core fusion pressure, and therefore your power, is so sensitive to how high your pedestal is. And so, if we were to explore different shapes for future fusion devices, we definitely want to make sure that our predictions work," he said.

Parisi started with old data from experimental discharges in NSTX and then modified the plasma's edge shape. He found that changing the shape had a very big effect on the width-to-height ratio of the pedestal. Additionally, Parisi found that some shapes could lead to several possible pedestals -- particularly in tokamaks shaped like NSTX and its descendant, which is currently being upgraded, NSTX-U. This would give those running a fusion shot a choice between, for example, a steep or shallow pedestal.

"When people came up with these pedestal models, they were trying to predict the pedestal width and height because it can change the amount of fusion power generated by a lot, and we want to be accurate," Parisi said. "But the way that models are constructed at the moment, they only take into account plasma stability."

Heating, fueling and pedestals

Heating and fueling are other important factors and ones that Parisi's third paper explores. Specifically, Parisi looked at certain pedestals and determined the amount of heating and fueling required to achieve it given a particular plasma shape. A steep pedestal typically requires far more heating than a shallow pedestal, for example.

The paper also considers how a sheared flow, which occurs when adjacent particles move at different flow speeds, can impact the pedestal height and width. Past experiments in NSTX found that when part of the interior of the vessel was coated in lithium and the flow shear was strong, the pedestal became three to four times wider than when no lithium was added. "It seems to be able to allow the pedestal to continue to grow," said Parisi. "If you could have a plasma in a tokamak that was all pedestal, and if the gradients were really steep, you would get a really high core pressure and a really high fusion power."

Understanding the variables involved in getting to a stable, high-power plasma brings researchers closer to their ultimate goal of commercializing fusion power.

"These three papers are really important for understanding the physics of spherical tokamaks and how the plasma pressure organizes into this structure where it increases sharply at the edge and maintains high pressure in the core. If we don't understand that process, we can't confidently project to future devices, and this work goes a long way toward achieving that confidence," said deputy director of research for NSTX-U and co-author of the papers Jack Berkery.

Support for this research comes from the DOE under contract numbers DE-AC02-09CH11466, DE-SC0022270, DE-SC0022272 and the DOE Early Career Research Program. Co-authors of the paper include researchers from PPPL and six collaborative institutions across the U.S.
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Combating carbon footprint: Novel reactor system converts carbon dioxide into usable fuel | ScienceDaily
Boilers are a major source of greenhouse gas emissions. In a recent study, researchers from Japan and Poland developed a method to convert CO2 emissions from small boilers into methane, which makes use of an optimized reactor design that evenly distributes the CO2 feed. This, in turn, results in significantly lower temperature increments and a boost in methane production. This innovative technique could pave the way for reducing greenhouse gas emissions.


						
Reducing carbon emissions from small-scale combustion systems, such as boilers and other industrial equipment, is a key step towards building a more sustainable, carbon-neutral future. Boilers are widely used across various industries for essential processes like heating, steam generation, and power production, making them significant contributors to greenhouse gas emissions.

Boilers are generally quite efficient. As a result, it is difficult to reduce CO2 emissions simply by improving the combustion efficiency. Therefore, researchers are exploring alternative approaches to mitigating the environmental impact of CO2 emissions from boilers. One promising strategy to this end is to capture the CO2 emitted from these systems and convert it into a useful product, such as methane.

To implement this strategy, a specific type of membrane reactor, called the distributor-type membrane reactor (DMR), is needed that can facilitate chemical reactions as well as separate gases. While DMRs are used in certain industries, their application for converting CO2 into methane, especially in small-scale systems like boilers, has remained relatively unexplored.

This research gap was addressed by a group of researchers from Japan and Poland, who were led by Professor Mikihiro Nomura from Shibaura Institute of Technology in Japan and Prof. Grzegorz Brus from AGH University of Science and Technology in Poland. Their findings were published online on 17 April 2024 in Volume 82 of the Journal of CO2 Utilization.

The team conducted a two-pronged approach to the problem through numerical simulations and experimental studies to optimize the reactor designs for efficient conversion of CO2 from small boilers into methane. In their simulation, the team modeled how gases flow and react under different conditions. In turn, this enabled them to minimize the temperature variations, ensuring that energy consumption is optimized while methane production remains dependable.

The team further found that, unlike traditional methods that channel gases into a single location, a distributed feed design could spread the gases out into the reactor instead of sending them in from one place. This, in turn, results in a better distribution of CO2 throughout the membrane, preventing any location from overheating. "This DMR design helped us reduce temperature increments by about 300 degrees compared to the traditional packed bed reactor," explains Prof. Nomura.

Beyond the distributed feed design, the researchers also explored other factors influencing the reactors efficiency and discovered that one key variable was the CO2 concentration in the mixture. Changing the amount of CO2 in the mixture affected how well the reaction worked. "When the CO2 concentration was around 15%, similar to what comes out of the boilers, the reactor was much better at producing methane. In fact, it could produce about 1.5 times more methane compared to a regular reactor that only had pure CO2 to work with," highlights Prof. Nomura.

Additionally, the team investigated the impact of reactor size, finding that increasing the size of the reactor facilitated the availability of hydrogen for the reaction. There was, however, a tradeoff to be considered as the benefit of higher hydrogen availability required careful temperature management to avoid overheating.

The study thus presents a promising solution to the problem of tackling a major source of greenhouse gas emissions. By utilizing a DMR, low-concentration CO2 emissions can be successfully converted into usable methane fuel. The benefits gained thereof are not limited to methanation alone but can also be applied to other reactions, making this method a versatile tool for efficient CO2 utilization even for households and small factories.
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Charge your laptop in a minute or your EV in 10? Supercapacitors can help | ScienceDaily
Imagine if your dead laptop or phone could charge in a minute or if an electric car could be fully powered in 10 minutes.


						
While not possible yet, new research by a team of CU Boulder scientists could potentially lead to such advances.

Published today in the Proceedings of the National Academy of Sciences, researchers in Ankur Gupta's lab discovered how tiny charged particles, called ions, move within a complex network of minuscule pores. The breakthrough could lead to the development of more efficient energy storage devices, such as supercapacitors, said Gupta, an assistant professor of chemical and biological engineering.

"Given the critical role of energy in the future of the planet, I felt inspired to apply my chemical engineering knowledge to advancing energy storage devices," Gupta said. "It felt like the topic was somewhat underexplored and as such, the perfect opportunity."

Gupta explained that several chemical engineering techniques are used to study flow in porous materials such as oil reservoirs and water filtration, but they have not been fully utilized in some energy storage systems.

The discovery is significant not only for storing energy in vehicles and electronic devices but also for power grids, where fluctuating energy demand requires efficient storage to avoid waste during periods of low demand and to ensure rapid supply during high demand.

Supercapacitors, energy storage devices that rely on ion accumulation in their pores, have rapid charging times and longer life spans compared to batteries.




"The primary appeal of supercapacitors lies in their speed," Gupta said. "So how can we make their charging and release of energy faster? By the more efficient movement of ions."

Their findings modify Kirchhoff's law, which has governed current flow in electrical circuits since 1845 and is a staple in high school students' science classes. Unlike electrons, ions move due to both electric fields and diffusion, and the researchers determined that their movements at pore intersections are different from what was described in Kirchhoff's law.

Prior to the study, ion movements were only described in the literature in one straight pore. Through this research, ion movement in a complex network of thousands of interconnected pores can be simulated and predicted in a few minutes.

"That's the leap of the work," Gupta said. "We found the missing link."
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AI headphones let wearer listen to a single person in a crowd, by looking at them just once | ScienceDaily
Noise-canceling headphones have gotten very good at creating an auditory blank slate. But allowing certain sounds from a wearer's environment through the erasure still challenges researchers. The latest edition of Apple's AirPods Pro, for instance, automatically adjusts sound levels for wearers -- sensing when they're in conversation, for instance -- but the user has little control over whom to listen to or when this happens.


						
A University of Washington team has developed an artificial intelligence system that lets a user wearing headphones look at a person speaking for three to five seconds to "enroll" them. The system, called "Target Speech Hearing," then cancels all other sounds in the environment and plays just the enrolled speaker's voice in real time even as the listener moves around in noisy places and no longer faces the speaker.

The team presented its findings May 14 in Honolulu at the ACM CHI Conference on Human Factors in Computing Systems. The code for the proof-of-concept device is available for others to build on. The system is not commercially available.

"We tend to think of AI now as web-based chatbots that answer questions," said senior author Shyam Gollakota, a UW professor in the Paul G. Allen School of Computer Science & Engineering. "But in this project, we develop AI to modify the auditory perception of anyone wearing headphones, given their preferences. With our devices you can now hear a single speaker clearly even if you are in a noisy environment with lots of other people talking."

To use the system, a person wearing off-the-shelf headphones fitted with microphones taps a button while directing their head at someone talking. The sound waves from that speaker's voice then should reach the microphones on both sides of the headset simultaneously; there's a 16-degree margin of error. The headphones send that signal to an on-board embedded computer, where the team's machine learning software learns the desired speaker's vocal patterns. The system latches onto that speaker's voice and continues to play it back to the listener, even as the pair moves around. The system's ability to focus on the enrolled voice improves as the speaker keeps talking, giving the system more training data.

The team tested its system on 21 subjects, who rated the clarity of the enrolled speaker's voice nearly twice as high as the unfiltered audio on average.

This work builds on the team's previous "semantic hearing" research, which allowed users to select specific sound classes -- such as birds or voices -- that they wanted to hear and canceled other sounds in the environment.

Currently the TSH system can enroll only one speaker at a time, and it's only able to enroll a speaker when there is not another loud voice coming from the same direction as the target speaker's voice. If a user isn't happy with the sound quality, they can run another enrollment on the speaker to improve the clarity.

The team is working to expand the system to earbuds and hearing aids in the future.

Additional co-authors on the paper were Bandhav Veluri, Malek Itani and Tuochao Chen, UW doctoral students in the Allen School, and Takuya Yoshioka, director of research at AssemblyAI. This research was funded by a Moore Inventor Fellow award, a Thomas J. Cabel Endowed Professorship and a UW CoMotion Innovation Gap Fund.
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Theory and experiment combine to shine a new light on proton spin | ScienceDaily
Nuclear physicists have long been working to reveal how the proton gets its spin. Now, a new method that combines experimental data with state-of-the-art calculations has revealed a more detailed picture of spin contributions from the very glue that holds protons together. It also paves the way toward imaging the proton's 3D structure.


						
The work was led by Joseph Karpie, a postdoctoral associate in the Center for Theoretical and Computational Physics (Theory Center) at the U.S. Department of Energy's Thomas Jefferson National Accelerator Facility.

He said that this decades-old mystery began with measurements of the sources of the proton's spin in 1987. Physicists originally thought that the proton's building blocks, its quarks, would be the main source of the proton's spin. But that's not what they found. It turned out that the proton's quarks only provide about 30% of the proton's total measured spin. The rest comes from two other sources that have so far proven more difficult to measure.

One is the mysterious but powerful strong force. The strong force is one of the four fundamental forces in the universe. It's what "glues" quarks together to make up other subatomic particles, such as protons or neutrons. Manifestations of this strong force are called gluons, which are thought to contribute to the proton's spin. The last bit of spin is thought to come from the movements of the proton's quarks and gluons.

"This paper is sort of a bringing together of two groups in the Theory Center who have been working toward trying to understand the same bit of physics, which is how do the gluons that are inside of it contribute to how much the proton is spinning around," he said.

He said this study was inspired by a puzzling result that came from initial experimental measurements of the gluons' spin. The measurements were made at the Relativistic Heavy Ion Collider, a DOE Office of Science user facility based at Brookhaven National Laboratory in New York. The data at first seemed to indicate that the gluons may be contributing to the proton's spin. They showed a positive result.

But as the data analysis was improved, a further possibility appeared.




"When they improved their analysis, they started to get two sets of results that seemed quite different, one was positive and the other was negative," Karpie explained.

While the earlier positive result indicated that the gluons' spins are aligned with that of the proton, the improved analysis allowed for the possibility that the gluons' spins have an overall negative contribution. In that case, more of the proton spin would come from the movement of the quarks and gluons, or from the spin of the quarks themselves.

This puzzling result was published by the Jefferson Lab Angular Momentum (JAM) collaboration.

Meanwhile, the HadStruc collaboration had been addressing the same measurements in a different way. They were using supercomputers to calculate the underlying theory that describes the interactions among quarks and gluons in the proton, Quantum Chromodynamics (QCD).

To equip supercomputers to make this intense calculation, theorists somewhat simplify some aspects of the theory. This somewhat simplified version for computers is called lattice QCD.

Karpie led the work to bring together the data from both groups. He started with the combined data from experiments taken in facilities around the world. He then added the results from the lattice QCD calculation into his analysis.




"This is putting everything together that we know about quark and gluon spin and how gluons contribute to the spin of the proton in one dimension," said David Richards, a Jefferson Lab senior staff scientist who worked on the study.

"When we did, we saw that the negative things didn't go away, but they changed dramatically. That meant that there's something funny going on with those," Karpie said.

Karpie is lead author on the study that was recently published in Physical Review D. He said the main takeaway is that combining the data from both approaches provided a more informed result.

"We're combining both of our datasets together and getting a better result out than either of us could get independently. It's really showing that we learn a lot more by combining lattice QCD and experiment together in one problem analysis," said Karpie. "This is the first step, and we hope to keep doing this with more and more observables as well as we make more lattice data."

The next step is to further improve the datasets. As more powerful experiments provide more detailed information on the proton, these data begin painting a picture that goes beyond one dimension. And as theorists learn how to improve their calculations on ever-more powerful supercomputers, their solutions also become more precise and inclusive.

The goal is to eventually produce a three-dimensional understanding of the proton's structure.

"So, we learn our tools do work on the simpler one-dimension scenario. By testing our methods now, we hopefully will know what we need to do when we want to move up to do 3D structure," Richards said. "This work will contribute to this 3D image of what a proton should look like. So it's all about building our way up to the heart of the problem by doing this easier stuff now."
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'Invisible tweezers' use robotics and acoustic energy to achieve what human hands cannot | ScienceDaily
Undergoing surgery is seldom a pleasant experience, and it can sometimes be highly invasive. Surgical procedures have evolved steadily over the centuries, growing with the knowledge of anatomy and biology.


						
Innovative methods have also been bolstered with new tools, and a growth in the use of robotics since the 1980s has moved health care forward significantly. Assistant Professor Zhenhua Tian has pressed forward another step in the march of progress using robotics and noninvasive acoustics, and his team's work has been published in Science Advances.

Robot-assisted surgery

Surgery using robots has been invasive since its invention because cutting is involved and often other instruments are inserted into the incision. However, because robotic-assisted tools can be smaller, the cuts also tend to be smaller than traditional surgeries, making robotics a preferred choice. This form of surgery has proven its benefits and has grown in use over time, with advantages to patients including
    	Less discomfort and bleeding
    	Less time in the hospital
    	Faster recovery periods

In fact, according to the American College of Surgeons, 1.8 percent of surgeries included a robot in 2012. By 2018, that percentage had risen to 15.1 percent and continues to rise through advancements in robotics. Some of the most common procedures involving robotics include appendectomies, hysterectomies, and gastric bypasses.

Noninvasive sound treatment

While robotic-assisted surgery has its share of advantages, Tian's team has taken that idea a step beyond its current state: Team members are developing a method of moving small targets, such as cells and medicine, within a body that is noninvasive. That means the method requires no cuts.




The secret is found in acoustic energy emitters that Tian's team uses to surround and capture particles, working like invisible tweezers. The emitters create 3D acoustic vortex fields that can pass through barriers such as bone and tissue, crossing over one another to form tiny ring-shaped acoustic traps. Micro- to millimeter-sized objects caught at the center of an acoustic trap can be moved and rotated. Tian received a 2024 National Science Foundation Faculty Early Career Development Program (CAREER) award for the acoustic vortex development.

"The ability to move cells and drugs around inside veins without breaking the skin creates new opportunities in medicine," said Tian. "As we continue the work on this research, I anticipate we will find a host of new applications."

By mounting an acoustic vortex emitter onto a robotic platform, the acoustic vortex beam can be moved at the micrometer scale. Accordingly, the particle trapping area can be precisely set in a 3D space, and moving a particle after its capture can be engineered. When moving a tiny object along the winding path of a blood vessel, this can be a critical feature.

More than medicine

While Tian's team is able to move a small object behind a solid structure, the acoustic vortex beams can move particles within both gases and liquids as well. Although the current approach targets small particles within those substances, integrating the acoustic energy emitters together with robotics has applications beyond surgery and very small particles. Contactless, robotic manipulation has potential in many other applications across engineering, biology, and chemistry research. Some of those include
    	Controlling microrobots
    	Handling delicate bioparticles, such as exosomes and cells
    	Transporting hazardous reagent droplets
    	Controlling self-assembly of colloidal materials
    	Arranging nanomaterials for composite fabrication

"When we were recently participating in a STEM expo, the children who visited us enjoyed putting small beads into the invisible acoustic fields generated by our devices, but we would like to offer the opportunity for them to move larger objects," said Tian. "Next year, we hope to have a larger emitter that can hold a ping pong ball. It will be interesting to see how we plug that approach into our other research."
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Controlling water, transforming greenhouse gases | ScienceDaily

A byproduct of burning fossil fuels, carbon dioxide enters the atmosphere from car exhaust and coal-fired power plants. Even some renewable energy resources produce a small amount of carbon dioxide, although at a tiny fraction of the amount coal and natural gas create.

At its core, this molecule is just an arrangement of one carbon and two oxygen atoms that can be reorganized through a process called electrochemical carbon dioxide reduction (CO2R) into clean fuels and useful chemicals. But the process is often done at a loss, with competing processes pulling the atoms in unwanted directions that create unwanted byproducts.

In a paper published today in Nature Catalysis, researchers from the UChicago Pritzker School of Molecular Engineering's Amanchukwu Lab outlined a way to manipulate water molecules to make CO2R more efficient, with the ultimate goal of creating a clean energy loop.

Through their new method, the team was able to perform CO2R with nearly 100% efficiency under mildly acidic conditions, using either gold or zinc as catalysts.

"Imagine we can have green electricity from solar and wind, and then use this electricity to convert any carbon dioxide back into fuels," said PME PhD candidate Reggie Gomes, first author of the new paper.

Competing with HER

Electrochemically disassembling a molecule is like the break shot in a game of pool. The previous arrangement disappears and the balls scatter across the table, coming to rest in new combinations -- not always the ones the player intended.




Similarly, researchers performing CO2R use electricity and water to break up and rearrange the harmful greenhouse gas. This sends atoms of carbon and oxygen from the carbon dioxide caroming across the table with hydrogen atoms from the water.

If it works as intended, the atoms form other, more desirable molecules that can be used as fuels or chemicals.

But as the atoms scatter, stable pairings of two hydrogen atoms often form, a process called the hydrogen evolution reaction (HER). This makes CO2R less efficient, as energy and atoms that become hydrogen gas can't be part of the molecules the scientists were trying to create.

Even in small quantities of water, CO2R is always competing with HER.

The Amanchukwu Lab -- which is most notable for its battery research -- applied insights from aqueous batteries to the problem, hypothesizing that controlling the water with organic solvents could provide a solution.

All that glitters

Both CO2R and HER rely on water as a proton donor. Using organic solvents and acid additives, the team was able to tune the water behavior, finding the sweet spot where it donated the right amount of protons to create the intended molecules, not the hydrogen gas and other unwanted materials like carbonates.




"In general chemistry we learn that carbon dioxide reacts with hydroxide to form carbonate. That's undesired because it depletes the molecule we want to valorize," said Neubauer Family Assistant Professor of Molecular Engineering Chibueze Amanchukwu.

Many of the most-effective ways to perform CO2R rely on precious metals.

"Platinum, silver, gold -- for research purposes, they're great catalysts," Gomes said. "They're very stable materials. But when you're thinking about industrial applications, they become cost-prohibitive."

By engineering the electrolyte, the new method can get similar results using cheaper, more abundant materials.

"Right now, the best way to do this electrochemically at room temperature is to use precious metals. Gold and silver can suppress the hydrogen evolution reaction a little bit," Amanchukwu said. "Because of our discovery, we can now use an earth-abundant metal, zinc, because we now have a separate way to control water."

The American Chemical Society's Chemical & Engineering News recently named Amanchukwu one of its yearly Talented Twelve"young scientists who are making the world a better place through chemistry."
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Observing mammalian cells with superfast soft X-rays | ScienceDaily
Researchers have developed a new technique to view living mammalian cells. The team used a powerful laser, called a soft X-ray free electron laser, to emit ultrafast pulses of illumination at the speed of femtoseconds, or quadrillionths of a second. With this they could capture images of carbon-based structures in living cells for the first time, before the soft X-ray radiation damaged them. Refined Wolter mirrors, a type of ultraprecise mirror, were created to enable the microscope to capture images with high spatial resolution and a wide field of view. In the future, the team hopes to use this microscope to better understand the dynamic nature of cellular biology.


						
Did you know there are soft X-rays and hard X-rays? Hard X-rays are what you'll most likely have encountered, if you've been through airport security or suffered a broken limb. Soft X-rays are more typically restricted to research, from studying biology and chemistry to minerals and meteorites. Soft X-rays are able to provide chemical information about samples and detailed images at the subcellular level, but their use has been limited due to the very specialized equipment required and, in biology, the damage they cause to living cells.

However, a team of researchers has constructed a new soft X-ray microscope through which they could view live mammalian cells for the first time. They were able to take images of carbon structures within the cells, which had not been seen before through other instruments. Carbon is one of the main elements for life, so this provides a new window into a vital part of ourselves.

The microscope has two key components: a soft X-ray free electron laser; and highly precise Wolter mirrors, a type of mirror widely used in X-ray telescopes for observing space. The mirrors were made using technology created by lead author Satoru Egawa, assistant professor of the Research Center for Advanced Science and Technology at the University of Tokyo.

"A soft X-ray free electron laser provided pulse illumination at the speed of tens of femtoseconds (with one femtosecond being one-millionth of one-billionth of a second). The ultrashort duration of the radiation pulses enabled us to take an image before the structure of the living cell was altered by radiation damage," explained Egawa. "We used Wolter mirrors for illumination and imaging. These mirrors provide a wide field of view, can withstand irradiation from the powerful lasers and exhibit no color distortion, making them ideal for observing samples at various wavelengths."

Although soft X-ray free electron lasers have previously been used to study smaller viruses and bacteria, mammalian cells were too big to be studied this way. However, by using Wolter mirrors, the team could achieve a wider field of view and use a thicker sample holder which could hold larger cells. The resulting images showed details about carbon content in the cells that had not been seen through other methods, such as electron microscopy and fluorescence microscopy.

"It was surprising for us to find a carbon pathway between the nucleolus (a structure in the cell's nucleus, involved in cell function and survival) and the nuclear membrane (which envelops the nucleus), which had not been observed with visible light microscopes," said Egawa.

Brighter soft X-ray free electron lasers are available which would enable even clearer images with less grainy "noise." By adding brighter lasers and more precise Wolter mirrors, the team hopes to upgrade the microscope so that it can observe more biochemical elements. With this it could also help to illuminate some of the vital reactions and interactions which take place within living cells.
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More than spins: Exploring uncharted territory in quantum devices | ScienceDaily
Many of today's quantum devices rely on collections of qubits, also called spins. These quantum bits have only two energy levels, the '0' and the '1'. However, spins in real devices also interact with light and vibrations known as bosons, greatly complicating calculations. In a new publication in Physical Review Letters, researchers in Amsterdam demonstrate a way to describe spin-boson systems and use this to efficiently configure quantum devices in a desired state.


						
Quantum devices use the quirky behaviour of quantum particles to perform tasks that go beyond what 'classical' machines can do, including quantum computing, simulation, sensing, communication and metrology. These devices can take many forms, such as a collection of superconducting circuits, or a lattice of atoms or ions held in place by lasers or electric fields.

Regardless of their physical realisation, quantum devices are typically described in simplified terms as a collection of interacting two-level quantum bits or spins. However, these spins also interact with other things in their surroundings, such as light in superconducting circuits or oscillations in the lattice of atoms or ions. Particles of light (photons) and vibrational modes of a lattice (phonons) are examples of bosons.

Unlike spins, which have only two possible energy levels ('0' or '1'), the number of levels for each boson is infinite. Consequently, there are very few computational tools for describing spins coupled to bosons. In their new work, physicists Liam Bond, Arghavan Safavi-Naini and Jiri Minar of the University of Amsterdam, QuSoft and Centrum Wiskunde & Informatica work around this limitation by describing systems composed of spins and bosons using so-called non-Gaussian states. Each non-Gaussian state is a combination (a superposition) of much simpler Gaussian states.

Each blue-red pattern in the image above represents a possible quantum state of the spin-boson system. "A Gaussian state would look like a plain red circle, without any interesting blue-red patterns," explains PhD candidate Liam Bond. An example of a Gaussian state is laser light, in which all light-waves are perfectly in sync. "If we take many of these Gaussian states and start overlapping them (so that they're in a superposition), these beautifully intricate patterns emerge. We were particularly excited because these non-Gaussian states allow us to retain a lot of the powerful mathematical machinery that exists for Gaussian states, whilst enabling us to describe a far more diverse set of quantum states."

Bond continues: "There are so many possible patterns that classical computers often struggle to compute and process them. Instead, in this publication we use a method that identifies the most important of these patterns and ignores the others. This lets us study these quantum systems, and design new ways of preparing interesting quantum states."

The new approach can be exploited to efficiently prepare quantum states in a way that outperforms other traditionally used protocols. "Fast quantum state preparation might be useful for a wide range of applications, such as quantum simulation or even quantum error correction," notes Bond. The researchers also demonstrate that they can use non-Gaussian states to prepare 'critical' quantum states which correspond to a system undergoing a phase transition. In addition to fundamental interest, such states can greatly enhance the sensitivity of quantum sensors.

While these results are very encouraging, they are only a first step towards more ambitious goals. So far, the method has been demonstrated for a single spin. A natural, but challenging extension is to include many spins and many bosonic modes at the same time. A parallel direction is to account for the effects of the environment disturbing the spin-boson systems. Both of these approaches are under active development.
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Imperceptible sensors made from 'electronic spider silk' can be printed directly on human skin | ScienceDaily
Researchers have developed a method to make adaptive and eco-friendly sensors that can be directly and imperceptibly printed onto a wide range of biological surfaces, whether that's a finger or a flower petal.


						
The method, developed by researchers from the University of Cambridge, takes its inspiration from spider silk, which can conform and stick to a range of surfaces. These 'spider silks' also incorporate bioelectronics, so that different sensing capabilities can be added to the 'web'.

The fibres, at least 50 times smaller than a human hair, are so lightweight that the researchers printed them directly onto the fluffy seedhead of a dandelion without collapsing its structure. When printed on human skin, the fibre sensors conform to the skin and expose the sweat pores, so the wearer doesn't detect their presence. Tests of the fibres printed onto a human finger suggest they could be used as continuous health monitors.

This low-waste and low-emission method for augmenting living structures could be used in a range of fields, from healthcare and virtual reality, to electronic textiles and environmental monitoring. The results are reported in the journal Nature Electronics.

Although human skin is remarkably sensitive, augmenting it with electronic sensors could fundamentally change how we interact with the world around us. For example, sensors printed directly onto the skin could be used for continuous health monitoring, for understanding skin sensations, or could improve the sensation of 'reality' in gaming or virtual reality application.

While wearable technologies with embedded sensors, such as smartwatches, are widely available, these devices can be uncomfortable, obtrusive and can inhibit the skin's intrinsic sensations.

"If you want to accurately sense anything on a biological surface like skin or a leaf, the interface between the device and the surface is vital," said Professor Yan Yan Shery Huang from Cambridge's Department of Engineering, who led the research. "We also want bioelectronics that are completely imperceptible to the user, so they don't in any way interfere with how the user interacts with the world, and we want them to be sustainable and low waste."

There are multiple methods for making wearable sensors, but these all have drawbacks. Flexible electronics, for example, are normally printed on plastic films that don't allow gas or moisture to pass through, so it would be like wrapping your skin in cling film. Other researchers have recently developed flexible electronics that are gas-permeable, like artificial skins, but these still interfere with normal sensation, and rely on energy- and waste-intensive manufacturing techniques.




3D printing is another potential route for bioelectronics since it is less wasteful than other production methods, but leads to thicker devices that can interfere with normal behaviour. Spinning electronic fibres results in devices that are imperceptible to the user, but without a high degree of sensitivity or sophistication, and they're difficult to transfer onto the object in question.

Now, the Cambridge-led team has developed a new way of making high-performance bioelectronics that can be customised to a wide range of biological surfaces, from a fingertip to the fluffy seedhead of a dandelion, by printing them directly onto that surface. Their technique takes its inspiration in part from spiders, who create sophisticated and strong web structures adapted to their environment, using minimal material.

The researchers spun their bioelectronic 'spider silk' from PEDOT:PSS (a biocompatible conducting polymer), hyaluronic acid and polyethylene oxide. The high-performance fibres were produced from water-based solution at room temperature, which enabled the researchers to control the 'spinnability' of the fibres. The researchers then designed an orbital spinning approach to allow the fibres to morph to living surfaces, even down to microstructures such as fingerprints.

Tests of the bioelectronic fibres, on surfaces including human fingers and dandelion seedheads, showed that they provided high-quality sensor performance while remaining imperceptible to the host.

"Our spinning approach allows the bioelectronic fibres to follow the anatomy of different shapes, at both the micro and macro scale, without the need for any image recognition," said Andy Wang, the first author of the paper. "It opens up a whole different angle in terms of how sustainable electronics and sensors can be made. It's a much easier way to produce large area sensors."

Most high-resolution sensors are made in an industrial cleanroom and require toxic chemicals in a multi-step and energy-intensive fabrication process. The Cambridge-developed sensors can be made anywhere and use a tiny fraction of the energy that regular sensors require.




The bioelectronic fibres, which are repairable, can be simply washed away when they have reached the end of their useful lifetime, and generate less than a single milligram of waste: by comparison, a typical single load of laundry produces between 600 and 1500 milligrams of fibre waste.

"Using our simple fabrication technique, we can put sensors almost anywhere and repair them where and when they need it, without needing a big printing machine or a centralised manufacturing facility," said Huang. "These sensors can be made on-demand, right where they're needed, and produce minimal waste and emissions."

The researchers say their devices could be used in applications from health monitoring and virtual reality, to precision agriculture and environmental monitoring. In future, other functional materials could be incorporated into this fibre printing method, to build integrated fibre sensors for augmenting the living systems with display, computation, and energy conversion functions. The research is being commercialised with the support of Cambridge Enterprise, the University's commercialisation arm.

The research was supported in part by the European Research Council, Wellcome, the Royal Society, and the Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI).
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Breakthrough discovery uses engineered surfaces to shed heat | ScienceDaily
Splash a few drops of water on a hot pan and if the pan is hot enough, the water will sizzle and the droplets of water seem to roll and float, hovering above the surface.


						
The temperature at which this phenomenon, called the Leidenfrost effect, occurs is predictable, usually happening above 230 degrees Celsius. The team of Jiangtao Cheng, associate professor in the Virginia Tech Department of Mechanical Engineering, has discovered a method to create the aquatic levitation at a much lower temperature, and the results have been published in Nature Physics. Alongside first author and Ph.D. student Wenge Huang, Cheng's team collaborated with Oak Ridge National Lab and Dalian University of Technology for sections of the research.

The discovery has great potential in heat transfer applications such as the cooling of industrial machines and surface fouling cleaning for heat exchangers. It also could help prevent damage and even disaster to nuclear machinery.

Currently, there are more than 90 licensed operable nuclear reactors in the U.S. that power tens of millions of homes, anchor local communities, and actually account for half of the country's clean energy electricity production. It requires resources to stabilize and cool those reactors, and heat transfer is crucial for normal operations.

The physics of hovering water

For three centuries, the Leidenfrost effect has been a well-known phenomenon among physicists that establishes the temperature at which water droplets hover on a bed of their own vapor. While it has been widely documented to start at 230 degrees Celsius, Cheng and his team have pushed that limit much lower.

The effect occurs because there are two different states of water living together. If we could see the water at the droplet level, we would observe that all of a droplet doesn't boil at the surface, only part of it. The heat vaporizes the bottom, but the energy doesn't travel through the entire droplet. The liquid portion above the vapor is receiving less energy because much of it is used to boil the bottom. That liquid portion remains intact, and this is what we see floating on its own layer of vapor. This has been referred to since its discover in the 18th century as the Leidenfrost effect, named for German physician Johann Gottlob Leidenfrost.




That hot temperature is well above the 100 degree Celsius boiling point of water because the heat must be high enough to instantly form a vapor layer. Too low, and the droplets don't hover. Too high, and the heat will vaporize the entire droplet.

New work at the surface

The traditional measurement of the Leidenfrost effect assumes that the heated surface is flat, which causes the heat to hit the water droplets uniformly. Working in the Virginia Tech Fluid Physics Lab, Cheng's team has found a way to lower the starting point of the effect by producing a surface covered with micropillars.

"Like the papillae on a lotus leaf, micropillars do more than decorate the surface, said Cheng. "They give the surface new properties."

The micropillars designed by Cheng's team are 0.08 millimeters tall, roughly the same as the width of a human hair. They are arranged in a regular pattern of 0.12 millimeters apart. A droplet of water encompasses 100 or more of them. These tiny pillars press into a water droplet, releasing heat into the interior of the droplet and making it boil more quickly.

Compared to the traditional view that the Leidenfrost effect triggers at 230 degrees Celsius, the fin-array-like micropillars press more heat into the water than a flat surface. This causes microdroplets to levitate and jump off the surface within milliseconds at lower temperatures because the speed of boiling can be controlled by changing the height of the pillars.




Lowering the limits of Leidenfrost

When the textured surface was heated, the team discovered that the temperature at which the floating effect was achieved was significantly lower than that of a flat surface, starting at 130 degrees Celsius.

Not only is this a novel discovery for the understanding of the Leidenfrost effect, it is a twist on the limits previously imagined. A 2021 study from Emory University found that the properties of water actually caused the Leidenfrost effect to fail when the temperature of the heated surface lowers to 140 degrees. Using the micropillars created by Cheng's team, the effect is sustainable even 10 degrees below that.

"We thought the micropillars would change the behaviors of this well-known phenomenon, but our results defied even our own imaginations," said Cheng. "The observed bubble-droplet interactions are a big discovery for boiling heat transfer."

The Leidenfrost effect is more than an intriguing phenomenon to watch, it is also a critical point in heat transfer. When water boils, it is most efficiently removing heat from a surface. In applications such as machine cooling, this means that adapting a hot surface to the textured approach presented by Cheng's team gets heat out more quickly, lowering the possibility of damages caused when a machine gets too hot.

"Our research can prevent disasters such as vapor explosions, which pose significant threats to industrial heat transfer equipment," said Huang. "Vapor explosions occur when vapor bubbles within a liquid rapidly expand due to the present of intense heat source nearby. One example of where this risk is particularly pertinent is in nuclear plants, where the surface structure of heat exchangers can influence vapor bubble growth and potentially trigger such explosions. Through our theoretical exploration in the paper, we investigate how surface structure affects the growth mode of vapor bubbles, providing valuable insights into controlling and mitigating the risk of vapor explosions."

Another challenge addressed by the team is the impurities fluids leave behind in the textures of rough surfaces, posing challenges for self-cleaning. Under spray cleaning or rinsing conditions, neither conventional Leidenfrost nor cold droplets at room temperature can fully eliminate deposited particulates from surface roughness. Using Cheng's strategy, the generation of vapor bubbles is able to dislodge those particles from surface roughness and suspend them in the droplet. This means that the boiling bubbles can both move heat and impurities away from the surface.
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Innovative material for sustainable building | ScienceDaily
Maximizing natural light in buildings is popular and can save on energy costs. However, traditional glass roofs and walls also present problems such as glare, lack of privacy, and overheating. Alternative solutions, such as coatings and light-diffusing materials, have not yet provided a comprehensive remedy.


						
New Material Combines Multiple Functions

Researchers at the Institute for Microstructure Technology (IMT) and the Light Technology Institute (LTI) at KIT have now developed a novel polymer-based metamaterial that combines various properties and could replace glass components in construction in the future. This Polymer-based Micro-Photonic Multi-Functional Metamaterial (PMMM) consists of microscopic pyramids made of silicone. These micro-pyramids measure about ten micrometers, which is about one-tenth the diameter of a hair. This design gives the PMMM film several functions: light diffusion, self-cleaning, and radiative cooling while maintaining a high level of transparency. "A key feature is the ability to efficiently radiate heat through the Earth's atmosphere's long-wave infrared transmission window, releasing heat into the cold expanse of the universe. This allows for passive radiative cooling without electricity consumption," explains Bryce S. Richards, Professor at IMT and LTI.

Cooling, Light-Transmissive, and Glare-Free

In the lab and in experiments under open skies under real outdoor conditions, the researchers tested the material's properties and measured its light transmittance, light scattering, reflection properties, self-cleaning ability, and cooling performance using modern spectrophotometry. The results: The tests achieved cooling of 6 degC compared to the ambient temperature. Additionally, the material showed a high spectral transmittance, or transparency, of 95 percent. In comparison, glass typically has a transparency of 91 percent. At the same time, the micro-pyramid structure scatters 73 percent of the incoming sunlight, resulting in a blurry appearance. "When the material is used in roofs and walls, it allows for bright yet glare-free and privacy-protected indoor spaces for work and living. In greenhouses, the high light transmittance could increase yields because the photosynthesis efficiency is estimated to be nine percent higher than in greenhouses with glass roofs," says RichardsGan Huang, a Group Leader at IMT. The micro-pyramids also give the PMMM film superhydrophobic properties, similar to a lotus leaf: water beads up in droplets and removes dirt and dust from the surface. This self-cleaning function makes the material easy to maintain and durable.

Potential for Construction and Urban Development

"Our newly developed material has the potential to be used in various areas and makes a significant contribution to sustainable and energy-efficient architecture," explains Richards. "The material can simultaneously optimize the use of sunlight indoors, provide passive cooling, and reduce reliance on air conditioning. The solution is scalable and can be seamlessly integrated into plans for environmentally friendly building construction and urban development,." says Huang.
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To 6G and beyond: Engineers unlock the next generation of wireless communications | ScienceDaily
In the early 2010s, LightSquared, a multibillion-dollar startup promising to revolutionize cellular communications, declared bankruptcy. The company couldn't figure out how to prevent its signals from interfering with those of GPS systems.


						
Now, Penn Engineers have developed a new tool that could prevent such problems from ever happening again: an adjustable filter that can successfully prevent interference, even in higher-frequency bands of the electromagnetic spectrum.

"I hope it will enable the next generation of wireless communications," says Troy Olsson, Associate Professor in Electrical and Systems Engineering (ESE) at Penn Engineering and the senior author of a new paper in Nature Communications that describes the filter.

The electromagnetic spectrum itself is one of the modern world's most precious resources; only a tiny fraction of the spectrum, mostly radio waves, representing less than one billionth of one percent of the overall spectrum, is suitable for wireless communication.

The bands of that fraction of the spectrum are carefully controlled by the Federal Communications Commission (FCC), which only recently made available the Frequency Range 3 (FR3) band, including frequencies from about 7 GHz to 24 GHz, for commercial use. (One hertz is equivalent to a single oscillation in an electromagnetic wave passing a point each second; one gigahertz, or GHz, is a billion such oscillations per second.)

To date, wireless communications have mostly used lower-frequency bands. "Right now we work from 600 MHz to 6 GHz," says Olsson. "That's 5G, 4G, 3G." Wireless devices use different filters for different frequencies, with the effect that covering all frequencies or bands requires large numbers of filters that take up substantial space. (The typical smartphone includes upwards of 100 filters, to ensure that signals from different bands don't interfere with one another.)

"The FR3 band is most likely to roll out for 6G or Next G," says Olsson, referring to the next generation of cellular networks, "and right now the performance of small-filter and low-loss switch technologies in those bands is highly limited. Having a filter that could be tunable across those bands means not having to put in another 100+ filters in your phone with many different switches. A filter like the one we created is the most viable path to using the FR3 band."

One complication posed by using higher-frequency bands is that many frequencies have already been reserved for satellites. "Elon Musk's Starlink works in those bands," notes Olsson. "The military -- they've already been crowded out of many lower bands. They're not going to give up radar frequencies that sit right in those bands, or their satellite communications."




As a result, Olsson's lab -- in collaboration with colleagues Mark Allen, Alfred Fitler Moore Professor in ESE, and Firooz Aflatouni, Associate Professor in ESE, and their respective groups -- designed the filter to be adjustable, so that engineers can use it to selectively filter different frequencies, rather than have to employ separate filters. "Being tunable is going to be really important," Olsson continues, "because at these higher frequencies you may not always have a dedicated block of spectrum just for commercial use."

What makes the filter adjustable is a unique material, "yttrium iron garnet" (YIG), a blend of yttrium, a rare earth metal, along with iron and oxygen. "What's special about YIG is that it propagates a magnetic spin wave," says Olsson, referring to the type of wave created in magnetic materials when electrons spin in a synchronized fashion.

When exposed to a magnetic field, the magnetic spin wave generated by YIG changes frequency. "By adjusting the magnetic field," says Xingyu Du, a doctoral student in Olsson's lab and the first author of the paper, "the YIG filter achieves continuous frequency tuning across an extremely broad frequency band."

As a result, the new filter can be tuned to any frequency between 3.4 GHz and 11.1 GHz, which covers much of the new territory the FCC has opened up in the FR3 band. "We hope to demonstrate that a single adaptable filter is sufficient for all the frequency bands," says Du.

In addition to being tunable, the new filter is also tiny -- about the same size as a quarter, in contrast to previous generations of YIG filters, which resembled large packs of index cards.

One reason the new filter is so small, and therefore could potentially be inserted into mobile phones in the future, is that it requires very little power. "We pioneered the design of a zero-static-power, magnetic-bias circuit," says Du, referring to a type of circuit that creates a magnetic field without requiring any energy beyond the occasional pulse to readjust the field.




While YIG was discovered in the 1950s, and YIG filters have existed for decades, the combination of the novel circuit with extremely thin YIG films micromachined in the Singh Center for Nanotechnology dramatically reduced the new filter's power consumption and size. "Our filter is 10 times smaller than current commercial YIG filters," says Du.

In June, Olsson and Du will present the new filter at the 2024 Institute of Electrical and Electronics Engineers (IEEE) Microwave Theory and Techniques Society (MTT-S) International Microwave Symposium, in Washington, D.C.

This study was conducted at the University of Pennsylvania School of Engineering and Applied Science. It was supported by a grant from the Defense Advanced Research Projects Agency (FA8650-21-1-7010) and made use of resources sponsored by the National Science Foundation National Nanotechnology Coordinated Infrastructure Program (NNCI-1542153).
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Renewable grid: Recovering electricity from heat storage hits 44% efficiency | ScienceDaily
Closing in on the theoretical maximum efficiency, devices for turning heat into electricity are edging closer to being practical for use on the grid, according to University of Michigan research.


						
Heat batteries could store intermittent renewable energy during peak production hours, relying on a thermal version of solar cells to convert it into electricity later.

"As we include higher fractions of renewables on the grid to reach decarbonization goals, we need lower costs and longer durations of energy storage as the energy generated by solar and wind does not match when the energy is used," Andrej Lenert, U-M associate professor of chemical engineering and corresponding author of the study recently published in Joule.

Thermophotovoltaic cells work similarly to photovoltaic cells, commonly known as solar cells. Both convert electromagnetic radiation into electricity, but thermophotovoltaics use the lower energy infrared photons rather than the higher energy photons of visible light.

The team reports that their new device has a power conversion efficiency of 44% at 1435degC, within the target range for existing high-temperature energy storage (1200degC-1600degC). It surpasses the 37% achieved by previous designs within this range of temperatures.

"It's a form of battery, but one that's very passive. You don't have to mine lithium as you do with electrochemical cells, which means you don't have to compete with the electric vehicle market. Unlike pumped water for hydroelectric energy storage, you can put it anywhere and don't need a water source nearby," said Stephen Forrest, the Peter A. Franken Distinguished University Professor of Electrical Engineering at U-M and contributing author of the study.

In a heat battery, thermophotovoltaics would surround a block of heated material at a temperature of at least 1000degC. It might reach that temperature by passing electricity from a wind or solar farm through a resistor or by absorbing excess heat from solar thermal energy or steel, glass or concrete production.




"Essentially, using electricity to heat something up is a very simple and inexpensive method to store energy relative to lithium ion batteries. It gives you access to many different materials to use as a storage medium for thermal batteries," Lenert said.

The heated storage material radiates thermal photons with a range of energies. At 1435degC, about 20-30% of those have enough energy to generate electricity in the team's thermophotovoltaic cells. The key to this study was optimizing the semiconductor material, which captures the photons, to broaden its preferred photon energies while aligning with the dominant energies produced by the heat source.

But the heat source also produces photons above and below the energies that the semiconductor can convert to electricity. Without careful engineering, those would be lost.

To solve this problem, the researchers built a thin layer of air into the thermophotovoltaic cell just beyond the semiconductor and added a gold reflector beyond the air gap -- a structure they call an air bridge. This cavity helped trap photons with the right energies so that they entered the semiconductor and sent the rest back into the heat storage material, where the energy had another chance to be re-emitted as a photon the semiconductor could capture.

"Unlike solar cells, thermophotovoltaic cells can recuperate or recycle photons that are not useful," said Bosun Roy-Layinde, U-M doctoral student of chemical engineering and first author of the study.

A recent study found stacking two air bridges improves the design, increasing both the range of photons converted to electricity and the useful temperature range for heat batteries.

"We're not yet at the efficiency limit of this technology. I am confident that we will get higher than 44% and be pushing 50% in the not-too-distant future," said Forrest, who also is the Paul G. Goebel Professor of Engineering and professor of electrical engineering and computer science, materials science and engineering, and physics.

The team has applied for patent protection with the assistance of U-M Innovation Partnerships and is seeking partners to bring the technology to market.

This research is based upon work supported by the National Science Foundation (grant numbers 2018572 and 2144662) and the Army Research Office (grant number W911-NF-17-0312).
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Electromechanical material doesn't get 'clamped' down | ScienceDaily
Lighting a gas grill, getting an ultrasound, using an ultrasonic toothbrush -- these actions involve the use of materials that can translate an electric voltage into a change in shape and vice versa.


						
Known as piezoelectricity, the ability to trade between mechanical stress and electric charge can be harnessed widely in capacitors, actuators, transducers and sensors like accelerometers and gyroscopes for next-generation electronics. However, integrating these materials into miniaturized systems has been difficult due to the tendency of electromechanically active materials to -- at the submicrometer scale, when the thickness is just a few millionths of an inch -- get "clamped" down by the material they are attached to, which significantly dials down their performance.

Rice University researchers and collaborators at the University of California, Berkeley have found that a class of electromechanically active materials called antiferroelectrics may hold the key to overcoming performance limitations due to clamping in miniaturized electromechanical systems. A new study published in Nature Materials reports that a model antiferroelectric system, lead zirconate (PbZrO3), produces an electromechanical response that can be up to five times greater than that of conventional piezoelectric materials even in films that are only 100 nanometers (or 4 millionths of an inch) thick.

"We've been using piezoelectric materials for decades," said Rice materials scientist Lane Martin, who is the corresponding author on the study. "Recently there has been a strong motivation to further integrate these materials into new types of devices that are very small -- as you would want to do for, say, a microchip that goes inside your phone or computer. The problem is that these materials are typically just less usable at these small scales."

According to current industry standards, a material is considered to have very good electromechanical performance if it can undergo a 1% change in shape -- or strain -- in response to an electric field. For an object that measures 100 inches in length, for instance, getting 1 inch longer or shorter represents 1% strain.

"From a materials science perspective, this is a significant response, since most hard materials can only change by a fraction of a percent," said Martin, the Robert A. Welch Professor, professor of materials science and nanoengineering and director of the Rice Advanced Materials Institute.

When conventional piezoelectric materials are scaled down to systems less than a micrometer (1,000 nanometers) in size, their performance generally deteriorates significantly due to the interference of the substrate, which dampens their ability to change shape in response to electric field or, conversely, to generate voltage in response to a change in shape.




According to Martin, if electromechanical performance were rated on a scale of 1-10 -- where 1 is lowest performance and 10 is the industry standard of 1% strain -- then clamping is typically expected to bring conventional piezoelectrics' electromechanical response down from a 10 to the 1-4 range.

"To understand how clamping impacts motion, first picture being in a middle seat on an airplane with no one on either side of you -- you'd be free to adjust your position if you get uncomfortable, overheated, etc.," Martin said. "Now picture the same scenario, except now you're seated between two huge offensive linemen from Rice's football team. You'd be 'clamped' between them such that you really couldn't meaningfully adjust your position in response to a stimulus."

The researchers wanted to understand how very thin films of antiferroelectrics -- a class of materials that remained understudied until recently due to a lack of access to "model" versions of the materials and to their complex structure and properties -- changed their shape in response to voltage and whether they were likewise susceptible to clamping.

First, they grew thin films of the model antiferroelectric material PbZrO 3 with very careful control of the material thickness, quality and orientation. Next, they performed an array of electrical and electromechanical measurements to quantify the responses of the thin films to applied electric voltage.

"We found the response was considerably larger in the thin films of antiferroelectric material than what is achieved in similar geometries of traditional materials," said Hao Pan, a postdoctoral researcher in Martin's research group and lead author on the study.

Measuring shape change at such small scales was not an easy feat. In fact, optimizing the measurement setup required so much labor the researchers documented the process in a separate publication.




"With the perfected measurement setup, we can get a resolution of two picometers -- that's about a thousandth of a nanometer," Pan said. "But just showing that a shape change happened doesn't mean we understand what's going on, so we had to explain it. This was one of the first studies to reveal the mechanisms behind this high performance."

With support from their collaborators at the Massachusetts Institute of Technology, the researchers used a state-of-the-art transmission electron microscope to observe the nanoscale material shapeshift with atomic resolution in real time.

"In other words, we watched the electromechanical actuation as it was happening, so we could see the mechanism for the large shape changes," Martin said. "What we found was that there is an electric voltage-induced change in the crystal structure of the material, which is like the fundamental building unit or single type of Lego block from which the material is built. In this case, that Lego block gets reversibly stretched with applied electric voltage, giving us a big electromechanical response."

Surprisingly, the researchers found that not only does clamping not interfere with material performance, but it in fact enhances it. Together with collaborators at Lawrence Berkeley National Laboratory and Dartmouth College, they recreated the material computationally in order to get another view of how the clamping affects the actuation under applied electric voltage.

"Our results are the culmination of years of work on related materials, including the development of new techniques to probe them," Martin said. "By figuring out how to make these thin materials work better, we're hoping to enable the development of smaller and more powerful electromechanical devices or microelectromechanical systems (MEMS) -- and even nanoelectromechanical systems (NEMS) -- that use less energy and can do things we never thought possible before."
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Birth of universe's earliest galaxies observed for first time | ScienceDaily
Using the James Webb Space Telescope, University of Copenhagen researchers have become the first to see the formation of three of the earliest galaxies in the universe, more than 13 billion years ago. The sensational discovery contributes important knowledge about the universe and is now published in the journal Science.


						
For the first time in the history of astronomy, researchers at the Niels Bohr Institute have witnessed the birth of three of the universe's absolute earliest galaxies, somewhere between 13.3 and 13.4 billion years ago.

The discovery was made using the James Webb Space Telescope, which brought these first 'live observations' of formative galaxies down to us here on Earth.

Through the telescope, researchers were able to see signals from large amounts of gas that accumulate and accrete onto a mini-galaxy in the process of being built. While this is how galaxies are formed according to theories and computer simulations, it had never actually been witnessed.

"You could say that these are the first 'direct' images of galaxy formation that we've ever seen. Whereas the James Webb has previously shown us early galaxies at later stages of evolution, here we witness their very birth, and thus, the construction of the first star systems in the universe," says Assistant Professor Kasper Elm Heintz from the Niels Bohr Institute, who led the new study.

Galaxies born shortly after the Big Bang

The researchers estimate the birth of the three galaxies to have occurred roughly 400-600 million years after the Big Bang, the explosion that began it all. While that sounds like a long time, it corresponds to galaxies forming during the first three to four percent of the universe's 13.8-billion-year overall lifetime.




Shortly after the Big Bang, the universe was an enormous opaque gas of hydrogen atoms -- unlike today, where the night sky is speckled with a blanket of well-defined stars.

"During the few hundred million years after the Big Bang, the first stars formed, before stars and gas began to coalesce into galaxies. This is the process that we see the beginning of in our observations," explains Associate Professor Darach Watson.

The birth of galaxies took place at a time in the history of the universe known as the Epoch of Reionization, when the energy and light of some of the first galaxies broke through the mists of hydrogen gas.

It is precisely these large amounts of hydrogen gas that the researchers captured using the James Webb Space Telescope's infrared vision. This is the most distant measurement of the cold, neutral hydrogen gas, which is the building block of the stars and galaxies, discovered by scientific researchers to date.

Adds to the understanding of our origins

The study was conducted by Kasper Elm Heintz, in close collaboration with, among others, research colleagues Darach Watson, Gabriel Brammer and PhD student Simone Vejlgaard from the Cosmic Dawn Center at the University of Copenhagen's Niels Bohr Institute -- a center whose stated goal is to investigate and understand the dawn of the universe. This latest result brings them much closer to doing just that.




The research team has already applied for more observation time with the James Webb Space Telescope, with hopes of expanding upon their new result and learning more about the earliest epoch in the formation of galaxies.

"For now, this is about mapping our new observations of galaxies being formed in even greater detail than before. At the same time, we are constantly trying to push the limit of how far out into the universe we can see. So, perhaps we'll reach even further," says Simone Vejlgaard.

According to the researcher, the new knowledge contributes to answering one of humanity's most basic questions.

"One of the most fundamental questions that we humans have always asked is: 'Where do we come from?'. Here, we piece together a bit more of the answer by shedding light on the moment that some of the universe's first structures were created. It is a process that we'll investigate further, until hopefully, we are able to fit even more pieces of the puzzle together," concludes Associate Professor Gabriel Brammer.

The study was conducted by researchers Kasper E. Heintz, Darach Watson, Gabriel Brammer, Simone Vejlgaard, Anne Hutter, Victoria B. Strait, Jorryt Matthee, Pascal A. Oesch, Pall Jakobsson, Nial R. Tanvir, Peter Laursen, Rohan P. Naidu, Charlotte A. Mason, Meghana Killi, Intae Jung, Tiger Yu-Yang Hsiao, Abdurro'uf, Dan Coe, Pablo Arrabal Haro, Steven L. Finkelstein, & Sune Toft.

The Danish portion of the research is funded by the Danish National Research Foundation and the Carlsberg Foundation.

HOW THEY DID IT

Researchers were able to measure the formation of the universe's first galaxies by using sophisticated models of how light from these galaxies was absorbed by the neutral gas located in and around them. This transition is known as the Lyman-alpha transition.

By measuring the light, the researchers were able to distinguish gas from the newly formed galaxies from other gas. These measurements were only possible thanks to the James Webb Space Telescope's incredibly sensitive infrared spectrograph capabilities.

ABOUT THE EARLY UNIVERSE

The universe began its "life" about 13.8 billion years ago in an enormous explosion -- the Big Bang. The event gave rise to an abundance of subatomic particles such as quarks and electrons. These particles aggregated to form protons and neutrons, which later coalesced into atomic nuclei. Roughly 380,000 years after the Big Bang, electrons began to orbit atomic nuclei, and the simplest atoms of the universe gradually formed.

The first stars were formed after a few hundred million years. And within the hearts of these stars, the larger and more complex atoms that we have around us were formed.

Later, stars coalesced into galaxies. The oldest galaxies known to us were formed about 3-400 million years after the Big Bang. Our own solar system came into being about 4.6 billion years ago -- more than 9 billion years after the Big Bang.
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AI poised to usher in new level of concierge services to the public | ScienceDaily
Concierge services built on artificial intelligence have the potential to improve how hotels and other service businesses interact with customers, a new paper suggests.


						
In the first work to introduce the concept, researchers have outlined the role an AI concierge, a technologically advanced assistant, may play in various areas of the service sector as well as the different forms such a helper might embody.

Their paper envisions a virtual caretaker that, by combining natural language processing, behavioral data and predictive analytics, would anticipate a customer's needs, suggest certain actions, and automate routine tasks without having to be explicitly commanded to do so.

Though such a skilled assistant is still years away, Stephanie Liu, lead author of the paper and an associate professor of hospitality management at The Ohio State University, and her colleagues drew insight from several contemporary fields, including service management, psychology, human-computer interaction and ethics research, to detail what opportunities and challenges might arise from having an AI concierge manage human encounters.

"The traditional service industry uses concierges for high-end clients, meaning that only a few people have access to them," Liu said. "Now with the assistance of AI technology, everybody can have access to a concierge providing superior experiences."

On that premise, the benefits of incorporating AI into customer service are twofold: It would allow companies to offer around-the-clock availability and consistency in their operations as well as improve how individuals engage with professional service organizations, she said.

Moreover, as the younger workforce gravitates to more tech-oriented jobs and global travel becomes more common, generative AI could be an apt solution to deal with the escalating demands of evolving hospitality trends, said Liu.




"The development of AI technology for hotels, restaurants, health care, retail and tourism has a lot of potential," she said.

The paper was published recently in the Journal of Service Management.

Despite the social and economic benefits associated with implementing such machines, how effective AI concierges may be at completing a task is dependent on both the specific situation and the type of interface consumers use, said Liu.

There are four primary forms a smart aide might take, each with distinctive attributes that would provide consumers with different levels of convenience, according to Liu.

The first type is a dialogue interface that uses only text or speech to communicate, such as ChatGPT, a conversational agent often used to make inquiries and garner real-time assistance. Many of these interactive devices are already used in hotels and medical buildings for contactless booking or to connect consumers with other services and resources.

The second is a virtual avatar that employs a vivid digital appearance and a fully formed persona to foster a deeper emotional connection with the consumer. This method is often utilized for telehealth consultations and online learning programs.




The third iteration is a holographic projection wherein a simulated 3D image is brought into the physical world. According to the paper, this is ideally suited for scenarios where the visual impact is desired, but physical assistance itself is not necessary.

The paper rounds out the list by suggesting an AI concierge that would present as a tangible, or touchable robot. This form would offer the most human-like sensory experiences and would likely be able to execute multiple physical tasks, like transporting heavy luggage.

Some international companies have already developed these cutting-edge tools for use in a limited capacity. One robotic concierge, known as Sam, was designed to aid those in senior living communities by helping them check in, make fall risk assessments and support staff with non-medical tasks. Another deployed at South Korea's Incheon International Airport helped consumers navigate paths to their destination and offered premier shopping and dining recommendations.

Yet as advanced computing algorithms become more intertwined in our daily lives, industry experts will likely have to consider consumer privacy concerns when deciding when and where to implement these AI systems. One way to deal with these issues would be to create the AI concierge with limited memory or other safewalls to protect stored personal data, such as identity and financial information, said Liu.

"Different companies are at different stages with this technology," said Liu. "Some have robots that can detect customers' emotions or take biometric inputs and others have really basic ones. It opens up a totally different level of service that we have to think critically about."

What's more, the paper notes that having a diversity of concierge options available for consumers to choose from is also advantageous from a mental health standpoint.

Because AI is viewed as having less agency than their human counterparts, it might help mitigate psychologically uncomfortable service situations that could arise because of how consumers feel they might be perceived by a human concierge. This reduced apprehension regarding the opinion of a machine may encourage heightened comfort levels and result in more favorable responses about the success of the AI concierge, said Liu.

Ultimately, there's still much multidisciplinary testing to be done to ensure these technologies can be applied in a widespread and equitable manner. Liu adds that future research should seek to determine how certain design elements, such as the perceived gender, ethnicity or voice of these robotic assistants, would impact overall consumer satisfaction.
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Charting a pathway to next-gen biofuels | ScienceDaily
From soil to sequestration, researchers at Princeton University and the Great Lakes Bioenergy Research Center have modeled what a supply chain for second-generation biofuels might look like in the midwestern United States.


						
These next-generation biofuels are emerging as a more sustainable substitute for fossil fuel-derived gasoline and diesel that, if carefully managed, could remove more greenhouse gases from the atmosphere than they emit over the course of their lifecycle. And unlike conventional or first-generation biofuels, which are produced from crops like corn and sugarcane that could otherwise be used for food, second-generation biofuels are derived from agricultural waste or non-food crops grown on low productivity or recently abandoned land.

Yet as a still-nascent technology, these next-generation fuels must contend with considerable uncertainty about their role in a low-carbon energy future.

Previous studies on biofuels tend toward two extremes, either focusing on the 'bio' -- incorporating crop growth, productivity, and land use data without considering downstream supply chain concerns in detail -- or the 'fuels' -- mapping out a supply chain and biorefinery design using overly simplistic land and crop data.

The Princeton study unites the two perspectives to provide a more comprehensive forecast of a supply chain for biofuels across an eight-state region in the Midwest, grounded in highly detailed data. Their findings were published May 22 in Nature Energy.

"What we're doing with this study is bringing together two different approaches to studying biofuels," said Christos Maravelias, the Anderson Family Professor of Energy and the Environment and professor of chemical and biological engineering. "A lot of high-quality data at fine spatial scales went into our analyses, giving us a much more holistic view of these systems."

Optimization from crop growth to sequestration site

Supply chains for biofuels are complex. Feedstocks for biofuels must be grown and harvested from a fragmented network of land. Those feedstocks must then be transported to a centrally located refinery. At the refinery, several different technologies could convert the plant matter into liquid biofuel, and any carbon emissions produced through the conversion process can be captured and subsequently sequestered offsite.




Consequently, decisions made at every point along the supply chain could result in systems with widely diverging costs and emissions impacts, from the crop chosen as a feedstock to the distance between field and refinery and the technology used to convert the plant into biofuels.

"Even seemingly isolated or unrelated decisions, like how much incentive you plan to provide for carbon capture or which conversion technology you favor, can have dramatic impacts on the landscape design of a bioeconomy," said co-author Caleb Geissler, a graduate student in chemical and biological engineering.

Thus, Geissler said, the optimal landscape design depends on the starting goals: what quantity of biofuels should be produced, at what cost, and at what carbon intensity?

While the researchers cautioned that their model was not designed specifically as a decision-making tool, Maravelias said it provides valuable insights into the economics and environmental impacts of a future bioeconomy. And since second-generation biofuels have yet to achieve widespread commercialization, proactive research now can inform efforts to ensure the fuels are meaningfully implemented into the future energy system.

"The model accounts for all the components of the system, so we can use it to answer many different types of questions," said Maravelias. "We can use it to identify the optimal way to produce a certain quantity of biofuels while minimizing economic costs. We can use it to identify the system that produces the same amount of fuel while minimizing environmental impacts. Or we could have it design a system that strikes some balance between the two."

Highlighting the impact of policy

Using their model, the research team could also probe the role of policy incentives in shaping the preferred technologies and emissions impact of a biofuels supply chain.




For instance, the team found that the 45Q tax credit for carbon capture, which provides $85 per ton of sequestered carbon, sufficiently incentivized carbon capture across the system. However, tax credit values below $60 per ton of carbon -- the 45Q tax credit was only worth $50 prior to the Inflation Reduction Act of 2022 -- were insufficient to drive investment in carbon capture and sequestration. In this case, the system generated rather than removed carbon emissions, though it still produced far fewer emissions compared to today's fossil fuels.

"Even if the value of an incentive changes, we still wanted our results to be informative," said Geissler. "It's also a way to inform policymakers about how varying incentives support different technologies and configurations for the system."

And while current incentive schemes only assign a monetary value for the carbon captured at the refinery itself, the researchers also modeled alternative scenarios that sought to minimize emissions from the entire supply chain, including both direct emissions from transportation and indirect emissions embodied in the electricity used to power the system.

These alternative scenarios highlighted even more tradeoffs. The tax credit would have to be worth at least $79 a ton to begin incentivizing carbon capture at the refinery and worth around $100 per ton for carbon capture to be installed at every refinery. Below those values, it would often be more cost effective to reduce transportation and offset emissions from purchased electricity before investing in carbon capture.

The researchers even charted pathways that mitigated carbon emissions beyond financial incentives, using site-specific soil carbon sequestration potentials and management decisions, such as whether to fertilize, to yield a landscape design with the greatest overall environmental benefits.

"Because these next-generation biofuels are still emerging as a technology, the model we developed allows us to make sure we're designing these systems properly," Maravelias said. "It's important to have as much information as possible now, before we lock ourselves into less-than-ideal technologies and system configurations."
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Iron could be key to less expensive, greener lithium-ion batteries, research finds | ScienceDaily
What if a common element rather than scarce, expensive ones was a key component in electric car batteries?


						
A collaboration co-led by an Oregon State University chemistry researcher is hoping to spark a green battery revolution by showing that iron instead of cobalt and nickel can be used as a cathode material in lithium-ion batteries.

The findings, published today in Science Advances, are important for multiple reasons, Oregon State's Xiulei "David" Ji notes.

"We've transformed the reactivity of iron metal, the cheapest metal commodity," he said. "Our electrode can offer a higher energy density than the state-of-the-art cathode materials in electric vehicles. And since we use iron, whose cost can be less than a dollar per kilogram -- a small fraction of nickel and cobalt, which are indispensable in current high-energy lithium-ion batteries -- the cost of our batteries is potentially much lower."

At present, the cathode represents 50% of the cost in making a lithium-ion battery cell, Ji said. Beyond economics, iron-based cathodes would allow for greater safety and sustainability, he added.

As more and more lithium-ion batteries are manufactured to electrify the transportation sector, global demand for nickel and cobalt has soared. Ji points out that in a matter of a couple of decades, predicted shortages in nickel and cobalt will put the brakes on battery production as it's currently done.

In addition, those elements' energy density is already being extended to its ceiling level -- if it were pushed further, oxygen released during charging could cause batteries to ignite -- plus cobalt is toxic, meaning it can contaminate ecosystems and water sources if it leaches out of landfills.




Put it all together, Ji said, and it's easy to understand the global quest for new, more sustainable battery chemistries.

A battery stores power in the form of chemical energy and through reactions converts it to the electrical energy needed to power vehicles as well as cellphones, laptops and many other devices and machines. There are multiple types of batteries, but most of them work the same basic way and contain the same basic components.

A battery consists of two electrodes -- the anode and cathode, typically made of different materials -- as well as a separator and electrolyte, a chemical medium that allows for the flow of electrical charge. During battery discharge, electrons flow from the anode into an external circuit and then collect at the cathode.

In a lithium-ion battery, as its name suggests, a charge is carried via lithium ions as they move through the electrolyte from the anode to the cathode during discharge, and back again during recharging.

"Our iron-based cathode will not be limited by a shortage of resources," said Ji, explaining that iron, in addition to being the most common element on Earth as measured by mass, is the fourth-most abundant element in the Earth's crust. "We will not run out of iron till the sun turns into a red giant."

Ji and collaborators from multiple universities and national laboratories increased the reactivity of iron in their cathode by designing a chemical environment based on a blend of fluorine and phosphate anions -- ions that are negatively charged.




The blend, thoroughly mixed as a solid solution, allows for the reversible conversion -- meaning the battery can be recharged -- of a fine mixture of iron powder, lithium fluoride and lithium phosphate into iron salts.

"We've demonstrated that the materials design with anions can break the ceiling of energy density for batteries that are more sustainable and cost less," Ji said. "We're not using some more expensive salt in conjunction with iron -- just those the battery industry has been using and then iron powder. To put this new cathode in applications, one needs to change nothing else -- no new anodes, no new production lines, no new design of the battery. We are just replacing one thing, the cathode."

Storage efficiency still needs to be improved, Ji said. Right now, not all of the electricity put into the battery during charging is available for use upon discharge. When those improvements are made, and Ji expects they will be, the result will be a battery that works much better than ones currently in use while costing less and being greener.

"If there is investment in this technology, it shouldn't take long for it to be commercially available," Ji said. "We need the visionaries of the industry to allocate resources to this emerging field. The world can have a cathode industry based on a metal that's almost free compared to cobalt and nickel. And while you have to work really hard to recycle cobalt and nickel, you don't even have to recycle iron -- it just turns into rust if you let it go."

The Basic Energy Sciences program of the U.S. Department of Energy funded this research, which was co-led by Tongchao Liu of Argonne National Laboratory and also included Oregon State's Mingliang Yu, Min Soo Jung and Sean Sandstrom. Scientists from Vanderbilt University, Stanford University, the University of Maryland, Lawrence Berkeley National Laboratory and the SLAC National Accelerator Laboratory contributed as well.
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Intriguing nearby world sized between Earth, Venus | ScienceDaily
Using observations by NASA's TESS (Transiting Exoplanet Survey Satellite) and many other facilities, two international teams of astronomers have discovered a planet between the sizes of Earth and Venus only 40 light-years away. Multiple factors make it a candidate well-suited for further study using NASA's James Webb Space Telescope.


						
TESS stares at a large swath of the sky for about a month at a time, tracking the brightness changes of tens of thousands of stars at intervals ranging from 20 seconds to 30 minutes. Capturing transits -- brief, regular dimmings of stars caused by the passage of orbiting worlds -- is one of the mission's primary goals.

"We've found the nearest, transiting, temperate, Earth-size world located to date," said Masayuki Kuzuhara, a project assistant professor at the Astrobiology Center in Tokyo, who co-led one research team with Akihiko Fukui, a project assistant professor at the University of Tokyo. "Although we don't yet know whether it possesses an atmosphere, we've been thinking of it as an exo-Venus, with similar size and energy received from its star as our planetary neighbor in the solar system."

The host star, called Gliese 12, is a cool red dwarf located almost 40 light-years away in the constellation Pisces. The star is only about 27% of the Sun's size, with about 60% of the Sun's surface temperature. The newly discovered world, named Gliese 12 b, orbits every 12.8 days and is Earth's size or slightly smaller -- comparable to Venus. Assuming it has no atmosphere, the planet has a surface temperature estimated at around 107 degrees Fahrenheit (42 degrees Celsius).

Astronomers say that the diminutive sizes and masses of red dwarf stars make them ideal for finding Earth-size planets. A smaller star means greater dimming for each transit, and a lower mass means an orbiting planet can produce a greater wobble, known as "reflex motion," of the star. These effects make smaller planets easier to detect.

The lower luminosities of red dwarf stars also means their habitable zones -- the range of orbital distances where liquid water could exist on a planet's surface -- lie closer to them. This makes it easier to detect transiting planets within habitable zones around red dwarfs than those around stars emitting more energy.

The distance separating Gliese 12 and the new planet is just 7% of the distance between Earth and the Sun. The planet receives 1.6 times more energy from its star as Earth does from the Sun and about 85% of what Venus experiences.




"Gliese 12 b represents one of the best targets to study whether Earth-size planets orbiting cool stars can retain their atmospheres, a crucial step to advance our understanding of habitability on planets across our galaxy," said Shishir Dholakia, a doctoral student at the Centre for Astrophysics at the University of Southern Queensland in Australia. He co-led a different research team with Larissa Palethorpe, a doctoral student at the University of Edinburgh and University College London.

Both teams suggest that studying Gliese 12 b may help unlock some aspects of our own solar system's evolution.

"It is thought that Earth's and Venus's first atmospheres were stripped away and then replenished by volcanic outgassing and bombardments from residual material in the solar system," Palethorpe explained. "The Earth is habitable, but Venus is not due to its complete loss of water. Because Gliese 12 b is between Earth and Venus in temperature, its atmosphere could teach us a lot about the habitability pathways planets take as they develop."

One important factor in retaining an atmosphere is the storminess of its star. Red dwarfs tend to be magnetically active, resulting in frequent, powerful X-ray flares. However, analyses by both teams conclude that Gliese 12 shows no signs of extreme behavior.

A paper led by Kuzuhara and Fukui was published May 23 in The Astrophysical Journal Letters. The Dholakia and Palethorpe findings were published in Monthly Notices of the Royal Astronomical Society on the same day.

During a transit, the host star's light passes through any atmosphere. Different gas molecules absorb different colors, so the transit provides a set of chemical fingerprints that can be detected by telescopes like Webb.

"We know of only a handful of temperate planets similar to Earth that are both close enough to us and meet other criteria needed for this kind of study, called transmission spectroscopy, using current facilities," said Michael McElwain, a research astrophysicist at NASA's Goddard Space Flight Center in Greenbelt, Maryland, and a co-author of the Kuzuhara and Fukui paper. "To better understand the diversity of atmospheres and evolutionary outcomes for these planets, we need more examples like Gliese 12 b."
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Musankwa sanyatiensis, a new dinosaur from Zimbabwe
        Fossils found on the shoreline of Lake Kariba in Zimbabwe represent a completely new dinosaur species. This remarkable find, named Musankwa sanyatiensis, marks only the fourth dinosaur species named from Zimbabwe.

      

      
        Grow the skin you're in: In vivo generation of chimeric skin grafts
        Researchers found that mutated mouse embryos showing an abnormal epidermal differentiation and injected with mouse pluripotent stem cells grew large patches of mature epidermis derived from the donor cells that survived transplantation to adult mice and grew natural-looking fur. Injecting the embryos with human keratinoctyes produced sheets of semi-humanized skin, suggesting that this system could be developed further to grow autologous skin grafts for treating severe skin wounds.

      

      
        Editing without 'cutting': Molecular mechanisms of new gene-editing tool revealed
        New research has determined the spatial structure of various processes of a novel gene-editing tool called 'prime editor.' Functional analysis based on these structures also revealed how a 'prime editor' could achieve reverse transcription, synthesizing DNA from RNA, without 'cutting' both strands of the double helix. Clarifying these molecular mechanisms contributes greatly to designing gene-editing tools accurate enough for gene therapy treatments.

      

      
        Chicken feathers to deliver chemotherapy drugs and repair enzymes
        A new method of drug delivery using proline, an amino acid found in chicken feathers and skin tissue, could be used to limit the side effects of chemotherapy and repair important enzymes, new research suggests.

      

      
        Acute sense of touch helps hummingbirds hover near a flower without bumping into it
        Hummingbird flight mechanics have been well studied but far less is known about how their sense of touch helps them sip nectar from a flower without bumping into it. Most of what scientists know about how touch is processed in the brain comes from studies on mammals, but bird brains are very different from mammal brains. New research shows that touch and air pressure on the wings and legs activate specific clusters of neurons in two regions of the forebrain to create a map of their body, which ma...

      

      
        Complete X and Y chromosome sequences of living great ape species determined
        Newly generated, complete genomes for the sex chromosomes of six primate species may inform conservation of these endangered species and shed light on sex-related genetic diseases in both humans and our closest living relatives.

      

      
        New antibiotic kills pathogenic bacteria, spares healthy gut microbes
        Researchers have developed a new antibiotic that reduced or eliminated drug-resistant bacterial infections in mouse models of acute pneumonia and sepsis while sparing healthy microbes in the mouse gut. The drug, called lolamicin, also warded off secondary infections with Clostridioides difficile, a common and dangerous hospital-associated bacterial infection, and was effective against more than 130 multidrug-resistant bacterial strains in cell culture.

      

      
        Electrochromic films -- like sunglasses for your windows?
        Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red...

      

      
        Chocolate's tasty flavors might pose a risk in other desserts
        What makes chocolate taste and smell so delicious? Chemistry, of course! A variety of molecules work together to create that unmistakable aroma, but those same molecules might carry some unwanted health effects if there are too many around. While many of the compounds appeared in chocolate in low enough concentrations to be safe, higher amounts were found in some baked sweet treats.

      

      
        Risky path to meeting climate targets for Stockholm
        The Swedish capital Stockholm aims to capture more carbon dioxide than is emitted by 2030. Therefore, the city is investing in new technology at a combined heat and power plant. But it is a strategy that has been adopted without sufficient discussion of the risks.

      

      
        New research approach: Exploring the mouthfeel of food with a microscope
        A new perspectives article focuses on different ways to study the mouthfeel of food using atomic force microscopy to better understand the biophysical mechanisms that contribute to taste sensations in a broader sense. New findings in this area could drive the development of health-promoting products that contain less salt, fat, sugar and calories but still have a convincing mouthfeel.

      

      
        Researchers improve satellite surveillance of emperor penguins
        New phenological and behavioral models will help scientists collect more accurate counts of emperor penguins. Emperor penguins are at the top of the food web. They are a reflection of how lower levels of the marine food web are being impacted by climate change. Systematic data collection on the biological component of ecosystems is still in its infancy, especially in harsh environments, in which consistent and repeatable research is particularly hard to achieve.

      

      
        What makes some plant groups so successful?
        Researchers involved in cataloguing the world's plant species are hunting for answers as to what makes some groups of plants so successful. One of their major goals is to predict more accurately which lineages of flowering plants -- some of which are of huge importance to people and to ecosystems -- are at a greater risk from global climate change.

      

      
        Orchids support seedlings through 'parental nurture' via shared underground fungal networks
        Orchid plants nurture their seedlings via an underground fungal network, new research has revealed.

      

      
        Aerosol pollution, greenhouse gases must be reduced simultaneously to keep forest fires in check
        If we want cleaner air, fewer forest fires, and less severe climate change, a new study shows we must reduce aerosol pollution and greenhouse gases like carbon dioxide at the same time.

      

      
        Fatal attraction: When endangered species try to mate with domestic relatives, both wildlife and people lose
        Sticks and stones aren't enough to thwart biological attraction, but sometimes those are the only tools available to pastoralists trying to prevent wildlife from eloping with their livestock. A new study brings awareness to both the human impacts of these encounters -- ranging from economic loss to death -- and conservation concerns for the wild animals that are often endangered.

      

      
        Scent detection dogs discern odour molecules better than previously thought
        According to a recent study, dogs trained to detect scent may be able to identify significantly lower concentrations of odour molecules than has previously been documented.

      

      
        Heart healthy behaviors may help reverse rapid cell aging
        The benefits gained with higher lifestyle scores may be associated with the positive influence of heart disease risk factors on the aging of the body and its cells, finds a new study in the Journal of the American Heart Association

      

      
        Health risk from global warming predictor of city climate action during COVID-19, study finds
        City officials were more likely to maintain climate action during the pandemic in places with more climate-related health issues affecting residents.

      

      
        Wild megalopolis: Study shows unexpected pockets of biodiversity pepper Los Angeles
        Researchers, in partnership with the city of Los Angeles, have developed the urban association index to help identify how well or poorly individual wildlife species are doing in the city. The researchers found unexpected pockets of biodiversity deep in the city, but they say it will still be a challenge to elevate Los Angeles' overall level of biodiversity.

      

      
        Bird flu: Diverse range of vaccines platforms 'crucial' for enhancing human pandemic preparedness
        Review of research to-date suggests vaccination remains the most effective strategy for avian influenza prevention and control in humans, despite varying vaccine efficacy across strains.

      

      
        Marine Protected Areas don't line up with core habitats of rare migratory fish, finds new research
        62% of Marine Protected Areas (MPAs) designated to protect rare migratory fish species are outside of their core habitats, according to a new modeling study.

      

      
        Intermittent fasting shows promise in improving gut health, weight management
        Participants following an intermittent fasting and protein-pacing regimen, which involves evenly spaced protein intake throughout the day, saw better gut health, weight loss and metabolic responses. These benefits were notably greater than those seen with simple calorie restriction. The findings could advance our understanding of the relationship between the gut microbiome and metabolism and improve strategies for managing obesity.

      

      
        Scientists identify gene that could lead to resilient 'pixie' corn
        A widely found gene in plants has been newly identified as a key transporter of a hormone that influences the size of corn. The discovery offers plant breeders a new tool to develop desirable dwarf varieties that could enhance the crop's resilience and profitability.

      

      
        Altering cancer treatment dosing could reduce climate impact, study finds
        Changing how often a popular cancer therapy is delivered would reduce greenhouse gas emissions and improve environmental impact without decreasing cancer survival, according to a new analysis.

      

      
        New deep learning model is 'game changer' for measuring embryo development
        A new deep learning model performs a task that biologists have struggled with for centuries -- how to measure the incredibly complex process of embryonic development. Scientists have shown that the AI model, known as Dev-ResNet, can identify what happens and when during embryonic development, from video. While used in pond snail embryos for this study, in future the technique could be used to help accelerate understanding on how climate change, and other external factors, affect humans and animal...

      

      
        Smarter foragers do not forage smarter
        Why do primates have big brains? In the Panamanian rainforest, scientists pitted large-brained primates against smaller-brained mammals to find out who was the smartest forager.

      

      
        A unified account of Darwinism's varieties
        A new article examines the question of what Darwinism is and how its nonscientific uses relate to the scientific theory of evolution. The authors observe that while some people claim Darwinism's meaning should be limited to scientific content, others call for its abolition altogether. The authors propose a unified account of these varieties of Darwinism.

      

      
        When should you neuter or spay your dog?
        A new study updates guidelines for when you should neuter or spay your dog to prevent increased risk of cancer or joint disorders.

      

      
        Mechanisms for selective multiple sclerosis treatment strategy
        Researchers have demonstrated how B cells infected with the Epstein-Barr virus (EBV) can contribute to a pathogenic, inflammatory phenotype that contributes to multiple sclerosis (MS); the group has also shown how these problematic B cells can be selectively targeted in a way that reduces the damaging autoimmune response of multiple sclerosis.

      

      
        'Cloaked' proteins deliver cancer-killing therapeutics into cells
        Scientists have designed a way to 'cloak' proteins in a generalized technique that could lead to repurposing things like antibodies for biological research and therapeutic applications.

      

      
        Performance of eco-friendly cooling applications enhanced
        Researchers have developed a sustainable and controllable strategy to manipulate interfacial heat transfer, paving the way for improving the performance of eco-friendly cooling in various applications such as electronics, buildings and solar panels.

      

      
        Why do Dyeing poison frogs tap dance?
        The toe tapping behavior of various amphibians has long attracted attention from researchers and pet owners. Despite being widely documented, the underlying functional role is poorly understood. In a new paper, researchers demonstrate that Dyeing poison frogs modulate their taps based on specific stimuli.

      

      
        Wind farms are cheaper than you think -- and could have prevented Fukushima, says global review
        Offshore wind could have prevented the Fukushima disaster, according to a review of wind energy.

      

      
        Improved refrigeration could save nearly half of the 1.3 billion tons of food wasted each year globally
        A new study concludes that nearly half of the food waste, about 620 million metric tons, could be eliminated by fully refrigerated food supply chains worldwide. At the same time, fully refrigerated supply chains, or 'cold chains,' could cut food waste-related emissions of climate-warming greenhouse gases by 41% globally, according to a new study.

      

      
        Prenatal exposure to air pollution associated with increased mental health risks
        A baby's exposure to air pollution while in the womb is associated with the development of certain mental health problems once the infant reaches adolescence, new research has found. The study examined the long-term mental health impact of early-life exposure to air and noise pollution.

      

      
        Study suggests 'biodegradable' teabags don't readily deteriorate in the environment and can adversely affect terrestrial species
        New research looked at commonly available teabags made using three different compositions of polylactic acid (PLA), which is derived from sources such as corn starch or sugar cane. The teabags were buried in soil for seven months, and a range of techniques were then used to assess whether -- and to what extent -- they had deteriorated. The results showed that teabags made solely from PLA remained completely intact. However, the two types of teabags made from a combination of cellulose and PLA bro...

      

      
        Tracking animals without markers in the wild
        Researchers developed a computer vision framework for posture estimation and identity tracking which they can use in indoor environments as well as in the wild. They have thus taken an important step towards markerless tracking of animals in the wild using computer vision and machine learning.

      

      
        Inexpensive microplastic monitoring through porous materials and machine learning
        Optical analysis and machine learning techniques can now readily detect microplastics in marine and freshwater environments using inexpensive porous metal substrates.

      

      
        Genetic mosaicism more common than thought
        Researchers found that approximately one in 40 human bone marrow cells carry massive chromosomal alterations without causing any apparent disease or abnormality. Even so-called normal cells carry all sorts of genetic mutations, meaning there are more genetic differences between individual cells in our bodies than between different human beings. The discovery was enabled by a single-cell sequencing technology called Strand-seq, a unique DNA sequencing technique that can reveal subtle details of ge...

      

      
        Researchers have unveiled a new method to manipulate cell movement in embryos
        Scientists have developed a new method that can manipulate the movement of embryonic cells using short-time attractors.

      

      
        Finnish Vole fever spreading further south
        Researchers have discovered that bank voles in southern Sweden (Sk ne) carry a virus that can cause hemorrhagic fever in humans. This finding was made more than 500 km south of the previously known range. 'We were surprised that such high proportion of the relatively few voles that we caught were actually carrying a hantavirus that makes people ill', says infection disease doctor. The virus strain discovered in Sk ne appears to be more closely related to strains from Finland and Karelia than to t...

      

      
        How killifish embryos use suspended animation to survive over 8 months of drought
        The African turquoise killifish lives in ephemeral ponds in Zimbabwe and Mozambique. To survive the annual dry season, the fish's embryos enter a state of extreme suspended animation or 'diapause' for approximately 8 months. Now, researchers have uncovered the mechanisms that enabled the killifish to evolve this extreme survival state.

      

      
        Harnessing green energy from plants depends on their circadian rhythms
        Plant hydraulics drive the biological process that moves fluids from roots to plant stems and leaves, creating streaming electric potential, or voltage, in the process. A study closely examined the differences in voltage caused by the concentrations of ions, types of ions, and pH of the fluid plants transport, tying the voltage changes to the plant's circadian rhythm that causes adjustments day and night. According to the authors, this consistent, cyclic voltage creation could be harnessed as an ...

      

      
        New research shows soil microorganisms could produce additional greenhouse gas emissions from thawing permafrost
        As the planet has warmed, scientists have long been concerned about the potential for harmful greenhouse gasses to seep out of thawing Arctic permafrost. Recent estimates suggest that by 2100 the amount of carbon dioxide and methane released from these perpetually frozen lands could be on par with emissions from large industrial countries. However, new research led by a team of microbiome scientists suggests those estimates might be too low.

      

      
        Simple food swaps could cut greenhouse gas emissions from household groceries by a quarter
        Switching food and drink purchases to very similar but more environmentally friendly alternatives could reduce the greenhouse gas emissions from household groceries by more than a quarter (26%), according to a new study.

      

      
        Global activity of seafloor biodiversity mapped
        A team of scientists has used artificial intelligence (AI) to map the activities of seafloor invertebrate animals, such as worms, clams and shrimps, across all the oceans of the world.

      

      
        Transgenic expression of rubisco factors increases photosynthesis and chilling tolerance in maize
        Maize is one of the world's most widely grown crops and is essential to global food security. But like other plants, its growth and productivity can be limited by the slow activity of Rubisco, the enzyme responsible for carbon assimilation during photosynthesis. Scientists have now demonstrated a promising approach to enhancing Rubisco production, thus improving photosynthesis and overall plant growth.

      

      
        Florida fossil porcupine solves a prickly dilemma 10-million years in the making
        An exceptionally rare fossilized porcupine skeleton discovered in Florida has allowed researchers to trace the evolutionary history for one of North America's rarest mammals.

      

      
        Secrets of sargassum: Scientists advance knowledge of seaweed causing chaos in the Caribbean and West Africa
        A research team tracked and studied floating sargassum in order to unlock its potential to be used to produce sustainable products.
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Musankwa sanyatiensis, a new dinosaur from Zimbabwe | ScienceDaily
Fossils found on the shoreline of Lake Kariba in Zimbabwe represent a completely new dinosaur species. This remarkable find, named Musankwa sanyatiensis, marks only the fourth dinosaur species named from Zimbabwe. The research detailing this significant discovery is set to be published in the journal Acta Palaeontologica Polonica. The study was conducted by an international team of scientists from the University of the Witwatersrand (Wits) in South Africa, the Natural History Museum of Zimbabwe, Stony Brook University in New York and was led by Prof Paul Barrett from the Natural History Museum in London.


						
The discovery of Musankwa sanyatiensis is particularly significant as it is the first dinosaur to be named from the Mid-Zambezi Basin of northern Zimbabwe in over 50 years. Additionally, it is only the fourth dinosaur to be named from Zimbabwe, following the descriptions of "Syntarsus" rhodesiensis in 1969, Vulcanodon karibaensis in 1972, and, most recently, Mbiresaurus raathi in 2022.

The rocks yielding this new specimen date back to the Late Triassic period, approximately 210 million years ago. Musankwa sanyatiensis is represented by the remains of a single hind leg, including its thigh, shin, and ankle bones. "Despite the limited fossil material, these bones possess unique features that distinguish them from those of other dinosaurs living at the same time," says Dr Kimberley 'Kimi' Chapelle, assistant professor at Stony Brook University and an honorary associate at the Evolutionary Studies Institute at Wits.

The discovery was named Musankwa sanyatiensis after the houseboat "Musankwa." In the Tonga dialect, "Musankwa" means "boy close to marriage." This vessel served as the research team's home and mobile laboratory during two field expeditions to Lake Kariba in 2017 and 2018. The vessel was made available to the research team through the generosity of David and Julie Glynn, and the crew -- Coster Katupu, Godfrey Swalika, Simbarashe Mangoroma, and Never Mapira -- who provided essential logistic support.

Evolutionary analysis reveals that Musankwa sanyatiensis was a member of the Sauropodomorpha, a group of bipedal, long-necked dinosaurs that were widespread during the Late Triassic. Interestingly, this dinosaur appears to be closely related to contemporaries in South Africa and Argentina. Weighing in at around 390 kg, the plant-eating Musankwa sanyatiensis was one of the larger dinosaurs of its era.

Africa has a long history of dinosaur discovery, with the first dinosaur in the southern hemisphere found in South Africa just three years after the term "dinosaur" was coined by Sir Richard Owen in 1842. However, most known dinosaur fossils have been found in just 10 countries, particularly in the northern hemisphere, leading to a sparse representation of African dinosaur diversity in the global fossil record. "The main reason for the underrepresentation of African dinosaur fossils is 'undersampling'," says Barrett. "Put simply, there have been fewer people looking for and unearthing dinosaurs in comparison with other regions of the world," he notes.

Despite the fewer discoveries in Africa, many of these fossils are historically and scientifically significant. These include some of the oldest dinosaurs like Nyasasaurus parringtoni from Tanzania and Mbiresaurus raathi from Zimbabwe, as well as rich dinosaur faunas from South Africa, Tanzania, Niger, and Morocco.

The Late Triassic-Early Jurassic sediments of Zimbabwe are crucial for understanding the End-Triassic extinction, a catastrophic event that dramatically reshaped Earth's biodiversity around 200 million years ago. These different layers provide insights into how different fossil-bearing sediments around the world correspond in age and help in piecing together the global picture of prehistoric life.

This new dinosaur species also highlights the untapped potential of the region for further paleontological discoveries. Barrett elaborates: "Over the last six years, many new fossil sites have been recorded in Zimbabwe, yielding a diverse array of prehistoric animals, including the first sub-Saharan mainland African phytosaurs (ancient crocodile-like reptiles), metoposaurid amphibians (giant armoured amphibians), lungfish, and other reptile remains."

As more fossil sites are explored and excavated, there is hope for uncovering further significant finds that will shed light on the early evolution of dinosaurs and the ecosystems they inhabited. "Based on where it sits on the dinosaur family tree, Musanwka sanyantiensis is the first dinosaur of its kind from Zimbabwe," Dr Kimi Chapelle excitedly explains. "It, therefore, highlights the potential of the region for further palaeontological discoveries," she says.
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Grow the skin you're in: In vivo generation of chimeric skin grafts | ScienceDaily
Skin grafting is an essential procedure used to treat severe skin wounds. In the case of extensive wounds, however, it can be challenging to harvest enough donor skin, and generating artificial skin substitutes that include hair follicles and sweat glands and can engraft on deep wounds has not been successful. Now, researchers from Japan report a new way to "grow your own" donor skin that could help improve the success of skin graft generation.


						
In a study published last month in Nature Communications, researchers from Tokyo Medical and Dental University (TMDU) have revealed that growing donor skin in another species yields surprisingly robust and functional skin grafts.

The gold standard for treating burn wounds is autologous skin grafting, a process in which sheets of skin containing both the epidermis (the outer layer) and the dermis (the deeper layer) are transferred from other parts of the patient's body to cover the wounded area. However, for large wounds it can be difficult to harvest enough skin from the limited donor sites. Split-thickness grafts that contain mostly epidermis with only some of dermis can be used to cover larger areas, but they do not include features like hair and sweat glands, and are more prone to shrinkage and scarring.

"As alternatives to autologous skin grafts, artificial skin substitutes including cultured epidermis and reconstituted skins have been developed," says the lead author of the study Dr. Hisato Nagano. "These options are inferior, though, as cultured epidermis can only be used for shallow wounds, and the engraftment rate of reconstituted skins is low."

To provide proof-of-concept for a new way to produce autologous skin grafts, the researchers generated skin grafts by introducing a mutation into mouse fetuses that made them unable to grow mature epidermis. These fetuses were then injected with mouse stem cells and allowed to develop normally until birth, when their skin growth was analyzed.

"The results were very surprising," explains Dr. Naoaki Mizuno, the corresponding author. "Not only were the chimeric mice born covered with large patches of skin derived from the injected cells, but these patches also survived up to 3 months when grafted onto mature mice, and even grew fur."

Intriguingly, injecting the same mutated mouse embryos with human skin cells yielded similar results: as the mice developed in utero, they grew sheets of human skin that mimicked the structure and organization of mature epidermis.

"Our findings suggest that semi-autologous skin grafts containing hair follicles and other skin appendages can be generated in vivo and engrafted successfully," says Dr. Hiromitsu Nakauchi, senior author.

Given that mouse embryos can only grow small amounts of skin, the next step would be to scale up the process to larger animals with a longer gestation period to generate large human skin grafts. This approach, which involves generating only skin tissue, could help avoid ethical concerns about using human-animal chimeras to produce organs for medical use.
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Editing without 'cutting': Molecular mechanisms of new gene-editing tool revealed | ScienceDaily
Joint research led by Yutaro Shuto, Ryoya Nakagawa, and Osamu Nureki of the University of Tokyo determined the spatial structure of various processes of a novel gene-editing tool called "prime editor." Functional analysis based on these structures also revealed how a "prime editor" could achieve reverse transcription, synthesizing DNA from RNA, without "cutting" both strands of the double helix. Clarifying these molecular mechanisms contributes greatly to designing gene-editing tools accurate enough for gene therapy treatments. The findings were published in the journal Nature.


						
The 2020 Nobel Prize in Chemistry was awarded to Jennifer Doudna and Emmanuelle Charpentier for developing a groundbreaking yet simple way to edit DNA, the "blueprint" of living organisms. While their discovery opened new avenues for research, the accuracy of the method and safety concerns about "cutting" both strands of DNA limited its use for gene therapy treatments. As such, research has been underway to develop tools that do not have these drawbacks.

The prime editing system is one such tool, a molecule complex consisting of two components. One component is the prime editor, which combines a SpCas9 protein, used in the first CRISPR-Cas gene editing technology, and a reverse transcriptase, an enzyme that transcribes RNA into DNA. The second component is the prime editing guide RNA (pegRNA), a modified guide RNA that identifies the target sequence within the DNA and encodes the desired edit. In this complex, the prime editor works like a "word processor," accurately replacing genomic information. The tool has already been successfully implemented in living cells of organisms such as plants, zebrafish, and mice. However, precisely how this molecule complex executes each step of the editing process has not been clear, mostly due to a lack of information on its spatial structure.

"We became curious about how the unnatural combination of proteins Cas9 and reverse transcriptase work together," says Shuto, the first author of the paper.

The research team used cryogenic electron microscopy, an imaging technique that makes observations possible at a near-atomic scale. The method required samples to be in glassy ice to protect them from the potential damage by the electron beams, posing some additional challenges.

"We found the prime editor complex to be unstable under experimental conditions," explains Shuto. "So, it was very challenging to optimize the conditions for the complex to stay stable. For a long time, we could only determine the structure of Cas9."

Finally overcoming the challenges, the researchers succeeded in determining the three-dimensional structure of the prime editor complex in multiple states during reverse transcription on the target DNA. The structures revealed that the reverse transcriptase bound to the RNA-DNA complex that formed along the "part" of the Cas9 protein associated with DNA cleavage, the splitting of a single strand of the double helix. While performing the reverse transcription, the reverse transcriptase maintained its position relative to the Cas9 protein. The structural and biochemical analyses also indicated that the reverse transcriptase could lead to additional, undesired insertions.

These findings have opened new avenues for both basic and applied research. So, Shuto lays out the next steps.

"Our structure determination strategy in this study can also be applied to prime editors composed of a different Cas9 protein and reverse transcriptase. We want to utilize the newly obtained structural information to lead to the development of improved prime editors."
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Chicken feathers to deliver chemotherapy drugs and repair enzymes | ScienceDaily
A new method of drug delivery using proline, an amino acid found in chicken feathers and skin tissue, could be used to limit the side effects of chemotherapy and repair important enzymes, new research suggests.


						
Published in the journal Chem, researchers have designed a cage (a box made of single molecules) from biologically compatible peptides, short amino acids that form the basis of proteins. These cages can house drugs of different sizes and transport them in the body with high levels of precision.

The negative side effects associated with chemotherapy, such as hair loss and nerve damage, are a result of 'off-site toxicity', where the treatment kills healthy cells surrounding tumours as well as the tumour itself. By creating a nano-sized cage to house the drug and carry it into the tumour before releasing it, this effect can be channelled more directly to the tumour, shielding healthy cells.

The cage can be tuned to different sizes, enabling different payloads of drugs. This flexible structure allows for chemotherapy drugs, antibiotics, and antivirals to potentially be delivered. Previously, cages of this kind could only be made using hydrocarbon molecules found in tar, which can often be toxic to humans.

This structure, researchers believe, also opens the door for faulty enzymes to be replaced within the body, which has previously not been possible. Historically, enzymes, which are composed of proteins and perform important functions in the body, could only have their activities blocked by drugs. The blocking of this functionality would then have an impact in the body, like reducing inflammation. Now, the cages could replace this function which may lay the groundwork for a new form of treatment.

Principal author Dr Charlie McTernan, Lecturer in Chemistry at King's College London and Group Leader at the Francis Crick Institute, said "What we've created is essentially a biologically compatible molecular teabag. We can fill this teabag, or cage made from widely available proline and collagen, with several different medicines and deliver them in a much more targeted way than we could before."

"In time, we hope that this could mean that we can limit the hair loss, nausea, and other unpleasant side effects of chemotherapy. We might even be able to repair malfunctioning enzymes that have an influence on the development of cancer. The best part is we can do this sustainably and at scale."

Proline is very straight and rigid in shape, while also being soluble in water, which makes it uniquely suited for drug delivery, as water makes up roughly 60% of the human body. By binding the peptide to small amounts of metal such as palladium, the researchers could create a tuneable structure they could rapidly increase or decrease in size.

As proline and collagen are widely available and don't rely on chains of hydrocarbons like previous methods, the team hope to sustainably scale up their current production in the lab.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529144227.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Acute sense of touch helps hummingbirds hover near a flower without bumping into it | ScienceDaily
Hummingbirds seem like a marvel of nature and engineering: a living creature that can hover near a flower with surgical precision. How do they do this?


						
Though hummingbirds' flight mechanics have been well studied, far less is known about how their sense of touch helps these tiny, energetic birds sip nectar from a flower without bumping into it. Most of what scientists know about how touch is processed in the brain comes from studies on mammals, but bird brains are very different from mammal brains.

UCLA-led research published in Current Biology shows that hummingbirds create a 3D map of their body when neurons in two specific spots of the forebrain fire -- as gusts of air touch feathers on the leading edge of their wings and skin of their legs. Receptors on their bill, face and head also work toward this end. The air pressure's intensity, influenced by factors including proximity to an object, is picked up by nerve cells at the base of the feathers and in the leg skin and transmitted to the brain, which gauges the body's orientation relative to an object.

Zebra finches, also studied by the researchers, have the same general organization with slightly less sensitivity in some areas than hummingbirds, suggesting that these areas help with highly specialized hummingbird flight dynamics. The work adds to knowledge of how animals perceive and navigate in their worlds and can help identify ways to treat them more humanely.

Humans produce a tactile map of the body that progresses from the toes at the center of the brain, down to the legs, back and a much larger area that represents touch to the face and hands. These areas, used for touching and touch tasks, are enlarged in the human brain.

"In mammals, we know that touch is processed across the outer surface of the forebrain in the cortex," said Duncan Leitch, corresponding author and a professor of integrative biology at UCLA. "But birds have a brain without a layered cortex structure, so it was a wide-open question how touch is represented in their brains. We showed exactly where different kinds of touch activate specific neurons in these regions and how touch is organized in their forebrains."

Previous studies in which birds were injected with dye showed their brains have one region in the forebrain to process touch to the face and head, and one for touch anywhere else on the body. In owls, for example, touch centers that typically correspond to face touch are devoted solely to talons. But since hummingbirds live very different lives than owls, it didn't seem likely this would hold true for them.




Leitch and co-authors at Royal Veterinary College and the University of British Columbia were able to observe neurons firing in real time by placing electrodes on hummingbirds and finches, and touching them gently with cotton swabs or puffs of air. A computer amplified the signals from the electrodes and converted them to sound for easier analysis.

The experiments confirmed that touch for the head and body is mapped in different regions of the forebrain and showed for the first time that air pressure activates specific clusters of neurons in these regions. Examination of the wings showed a network of nerve cells that likely sent a signal to the brain when activated by puffs of air on the feathers.

The researchers found particularly large clusters of brain cells that reacted to stimulation of the edges of wings, which they think help the birds adjust flight in a nuanced way. They also discovered that the feet are acutely sensitive to touch and this touch had a large representation in the brain, presumably to help with perching. The researchers speculate these areas may be even larger in parrots and other birds that use their feet to grasp and move objects.

In their study, the researchers identified receptive fields on the birds, in which a touch would trigger a neuron to fire. In hummingbirds, some of these fields -- especially on the bill, face and head -- were very small, meaning they could sense the lightest touch. Zebra finches had the same but larger receptive fields, suggesting these regions in finches are not quite as sensitive and  probably of greater relevance to hummingbirds that rely on constant, steady precision flight.

"Hummingbirds were often reacting to the slightest thresholds we could give them," Leitch said.

Learning more about how diverse animals map touch across their body could lead to advances in technologies that use sensors to move about or perform a task, such as prosthetic limbs or autonomous devices. But improvements to animal welfare are perhaps a more immediate outcome of the research.

"If we can understand how animals perceive their sense of touch, we can develop practices that are less disturbing to them," Leitch said.
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Complete X and Y chromosome sequences of living great ape species determined | ScienceDaily
Newly generated, complete "end-to-end" reference genomes for the sex chromosomes of five great ape species and one lesser ape species -- produced by an international collaborative team led by researchers at Penn State, the National Human Genome Research Institute and the University of Washington -- highlight extremely rapid changes on the male-specific Y chromosome among ape species. These findings shed light on the evolution of sex chromosomes and inform understanding of diseases related to genes on these chromosomes in both apes and humans.


						
"The Y chromosome is important for human fertility, and the X chromosome harbors genes critical for reproduction, cognition and immunity," said Kateryna Makova, Verne M. Willaman Chair of Life Sciences, professor of biology at Penn State and leader of the research team. "Our study opens doors for many future investigations of sex chromosomes, how they evolved, and diseases associated with them. The living non-human great ape species we studied are all endangered. The availability of their complete sex chromosome sequences will facilitate studies of their sex-specific dispersal in the wild and of their genes important for reproduction and fertility."

Such reference genomes act as a representative example that are useful for future studies of these species. The team found that, compared to the X chromosome, the Y chromosome varies greatly across ape species and harbors many species-specific sequences. However, it is still subject to purifying natural selection -- an evolutionary force that protects its genetic information by removing harmful mutations.

The new study appears May 29 in the journal Nature.

"Researchers sequenced the human genome in 2001, but it wasn't actually complete," Makova said. "The technology available at the time meant that certain gaps weren't filled in until a renewed effort led by the Telomere-to-Telomere, or T2T, Consortium in 2022-23. We leveraged the experimental and computational methods developed by the Human T2T Consortium to determine the complete sequences for the sex chromosomes of our closest living relatives -- great apes."

The team produced complete sex chromosome sequences for five species of great apes -- chimpanzee, bonobo, gorilla, Bornean orangutan and Sumatran orangutan, which comprise most great ape species living today -- as well as a lesser ape, siamang. They generated sequences for one individual of each species. The resulting reference genomes act as a map of genes and other chromosomal regions, which can help researchers sequence and assemble the genomes of other individuals of that species. Previous sex chromosome sequences for these species were incomplete or -- for the Bornean orangutan and siamang -- did not exist.

"The Y chromosome has been challenging to sequence because it contains many repetitive regions, and, because traditional short-read sequencing technology decodes sequences in short bursts, it is difficult to put the resulting segments in the correct order," said Karol Pal, postdoctoral researcher at Penn State and a co-first author of the study. "T2T methods use long-read sequencing technologies that overcome this challenge. Combined with advances in computational analysis, on which we collaborated with Adam Phillippy's group at the NHGRI, this allowed us to completely resolve repetitive regions that were previously difficult to sequence and assemble. By comparing the X and Y chromosomes to each other and among species, including to the previously generated human T2T sequences of the X and the Y, we learned many new things about their evolution."

High variability on the Y chromosome




"Sex chromosomes started like any other chromosome pair, but the Y has been unique in accumulating many deletions, other mutations and repetitive elements because it does not exchange genetic information with other chromosomes over most of its length," said Makova, who is also the director of the Center for Medical Genomics at Penn State.

As a result, across the six ape species, the research team found that the Y chromosome was much more variable than the X over a variety of characteristics, including size. Among the studied apes, the X chromosome ranges in size from 154 million letters of the ACTG alphabet -- representing the nucleotides that make up DNA -- in chimpanzee and human to 178 million letters in gorilla. In contrast, the Y chromosome ranges from 30 million DNA letters in siamang to 68 million letters in Sumatran orangutan.

The amount of DNA sequence shared between species was also more variable on the Y. For example, about 98% of the X chromosome aligns between human and chimpanzee, but only about a third of the Y aligns between them. The researchers found that this is in part because the Y chromosome is more likely to be rearranged or have portions of its genetic material duplicated.

Additionally, the percentage of the chromosome occupied by sequences that are repeated is highly variable on the Y. Whereas, depending on the species, 62% to 66% of the X chromosomes are occupied by repetitive elements, 71% to 85% of the Y chromosomes are occupied by them. These percentages are higher on both the X and the Y than in other chromosomes in the human genome.

How the Y has survived

"We found the ape Y to be shrinking, accumulating many mutations and repeats, and losing genes," Makova said. "So why hasn't the Y chromosome disappeared, as some previous hypotheses suggested? In collaboration with Sergei Kosakovsky Pond from Temple University and others, we found that the Y chromosome still has a number of genes evolving under purifying selection -- a type of natural selection that keeps gene sequences intact. Many of these genes are important for spermatogenesis. This means that the Y chromosome is unlikely to disappear any time soon."

The researchers found that many genes on the Y chromosome seem to use two strategies to survive. The first takes advantage of genetic redundancy -- the presence of multiple copies of the same gene on a chromosome -- so that intact copies of the gene can compensate for copies that might acquire mutations. The team quantified this genetic redundancy by completing the landscape of multi-copy gene families on ape sex chromosomes for the first time.




The second survival strategy takes advantage of palindromes, where the sequence of letters in the DNA alphabet is followed by the same, but inverted sequence, for example, ACTG-GTCA. When located within a palindrome, genes benefit from the palindrome's ability to correct mutations.

"We found that the Y chromosome can exchange genetic information with itself between the repeated sequences of the two palindrome arms, which fold so that the inverted sequences align," Pal said. "When two copies of the same gene are located within palindromes, and one copy is hit by a mutation, the mutation can be rescued by the genetic exchange with another copy. This can compensate for the Y's lack of genetic information exchange with the other chromosomes."

The research team obtained the complete sequences of palindromes on ape sex chromosomes also for the first time, as they were previously difficult to sequence and study. They found that palindromes are particularly abundant and long on the ape Y chromosome, yet they are usually only shared among closely related species.

In collaboration with Michael Schatz and his team at Johns Hopkins University, the researchers also studied the sex chromosomes of 129 individual gorillas and chimpanzees to better understand the genetic variation within each species and search for evidence of natural selection and other evolutionary forces acting on them.

"We obtained substantial new information from previously studied gorilla and chimpanzee individuals by aligning their sex chromosome sequencing reads to our new reference sequences," said Zachary Szpiech, assistant professor of biology at Penn State and an author of the paper. "While increasing the sample size in the future will be very helpful to improve our ability to detect signatures of different evolutionary forces, this can be ethically and logistically challenging when working with endangered species, so it is critical that we can get the most out of the data we do have."

The researchers explored a variety of factors that could explain variation on the Y chromosome within gorillas and within chimpanzees, and this analysis revealed additional signatures of purifying selection on the Y. This confirms the role of this type of natural selection on the Y, as was discovered in their previous analyses of genes.

"The powerful combination of bioinformatic techniques and evolutionary analyses that we used allows us to better explain the evolutionary processes acting on sex chromosomes in our closest living relatives, great apes," said Christian Huber, assistant professor of biology at Penn State and an author of the paper. "Additionally, the reference genomes we produced will be instrumental for future studies of primate evolution and human diseases."

In addition to Makova, Pal, Szpiech and Huber, the research team at Penn State includes Kaivan Kamali, computational scientist in the departments of biology and of biochemistry and molecular biology; Troy LaPolice, graduate student in bioinformatics and genomics; Paul Medvedev, professor of computer science and engineering and of biochemistry and molecular biology; Sweetalana, research assistant in the department of biology; Huiqing Zeng, research technologist in biology; Xinru Zhang, graduate student in bioinformatics and genomics; Robert Harris, assistant research professor of biology, now retired; Barbara McGrath, associate research professor of biology, now retired; and Sarah Craig, associate research professor of biology, currently a program officer at the National Institutes of Health. The co-authors also included Penn State alumni Monika Cechova, currently a postdoctoral fellow at the University of California Santa Cruz, and Melissa Wilson, currently an associate professor at Arizona State University.

In addition to Makova, the team was co-led by co-corresponding study authors Adam Phillippy, senior investigator at NHGRI, and Evan Eichler, professor of Genome Sciences at the University of Washington. A full list of authors for this paper is available here.

Funding from the National Institutes of Health supported this research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529144220.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New antibiotic kills pathogenic bacteria, spares healthy gut microbes | ScienceDaily
Researchers have developed a new antibiotic that reduced or eliminated drug-resistant bacterial infections in mouse models of acute pneumonia and sepsis while sparing healthy microbes in the mouse gut. The drug, called lolamicin, also warded off secondary infections with Clostridioides difficile, a common and dangerous hospital-associated bacterial infection, and was effective against more than 130 multidrug-resistant bacterial strains in cell culture.


						
The findings are detailed in the journal Nature.

"People are starting to realize that the antibiotics we've all been taking -- that are fighting infection and, in some instances, saving our lives -- also are having these deleterious effects on us," said University of Illinois Urbana-Champaign chemistry professor Paul Hergenrother, who led the study with former doctoral student Kristen Munoz. "They're killing our good bacteria as they treat the infection. We wanted to start thinking about the next generation of antibiotics that could be developed to kill the pathogenic bacteria and not the beneficial ones."

Numerous studies have found that antibiotic-related disturbances to the gut microbiome increase vulnerability to further infections and are associated with gastrointestinal, kidney, liver and other problems.

"Most clinically approved antibiotics only kill gram-positive bacteria or kill both gram-positive and gram-negative bacteria," Munoz said.

Gram-positive and gram-negative bacteria differ in the composition of their cell walls. Gram-negative bacteria have a double layer of protection, making them more difficult to kill, Munoz said.

The few drugs available to fight gram-negative infections also kill other potentially beneficial gram-negative bacteria. For example, colistin, one of the few gram-negative-only antibiotics approved for clinical use, can cause C. difficile-associated diarrhea and pseudomembranous colitis, a potentially life-threatening complication. The drug also has toxic effects on the liver and kidney, and "thus colistin is typically utilized only as an antibiotic of last resort," the researchers wrote.




To tackle the many problems associated with indiscriminately targeting gram-negative bacteria, the team focused on a suite of drugs developed by the pharmaceutical company AstraZeneca. These drugs inhibit the Lol system, a lipoprotein-transport system that is exclusive to gram-negative bacteria and genetically different in pathogenic and beneficial microbes. These drugs were not effective against gram-negative infections unless the researchers first undermined key bacterial defenses in the laboratory. But because these antibiotics appeared to discriminate between beneficial and pathogenic gram-negative bacteria in cell culture experiments, they were promising candidates for further exploration, Hergenrother said.

In a series of experiments, Munoz designed structural variations of the Lol inhibitors and evaluated their potential to fight gram-negative and gram-positive bacteria in cell culture. One of the new compounds, lolamicin, selectively targeted some "laboratory strains of gram-negative pathogens including Escherichia coli, Klebsiella pneumoniae and Enterobacter cloacae," the researchers found. Lolamicin had no detectable effect on gram-positive bacteria in cell culture. At higher doses, lolamicin killed up to 90% of multidrug-resistant E. coli, K. pneumoniae and E. cloacae clinical isolates.

When given orally to mice with drug-resistant septicemia or pneumonia, lolamicin rescued 100% of the mice with septicemia and 70% of the mice with pneumonia, the team reported.

Extensive work was done to determine the effect of lolamicin on the gut microbiome.

"The mouse microbiome is a good tool for modeling human infections because human and mouse gut microbiomes are very similar," Munoz said. "Studies have shown that antibiotics that cause gut dysbiosis in mice have a similar effect in humans."

Treatment with standard antibiotics amoxicillin and clindamycin caused dramatic shifts in the overall structure of bacterial populations in the mouse gut, diminishing the abundance several beneficial microbial groups, the team found.

"In contrast, lolamicin did not cause any drastic changes in taxonomic composition over the course of the three-day treatment or the following 28-day recovery," the researchers wrote.

Many more years of research are needed to extend the findings, Hergenrother said. Lolamicin, or other similar compounds, must be tested against more bacterial strains and detailed toxicology studies must be conducted. Any new antibiotics also must be assessed to determine how quickly they induce drug resistance, a problem that arises sooner or later in bacteria treated with antibiotics.

The study is a proof-of-concept that antibiotics that kill a pathogenic microbe while sparing beneficial bacteria in the gut can be developed for gram-negative infections -- some of the most challenging infections to treat, Hergenrother said.
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Electrochromic films -- like sunglasses for your windows? | ScienceDaily
Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers in ACS Energy Letters report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red.


						
Hongbo Xu and colleagues used MOFs in their electrochromic film because of the crystalline substances' abilities to form thin films with pore sizes that can be customized by changing the length of the organic ligand that binds to the metal ion. These features enable improved current flow, more precise control over colors and durability. In demonstrations, Xu's MOF electrochromic film took 2 seconds to switch from colorless to green with an electric potential of 0.8 volts, and 2 seconds to switch to dark red with 1.6 V. The film maintained the green or red color for 40 hours when the potential dropped, unless a reverse voltage was applied to return the film to its transparent state. The film also performed reliably through 4,500 cycles of switching from colored to clear. With further optimization, the researchers say their tunable coatings could be used in smart windows that regulate indoor temperatures, as well as in smaller scale intelligent optical devices and sensors.

In addition to Xu's MOF-based electrochromic film, several other research groups have reported electrochromic coating designs, including a UV-blocking but visually transparent radiative cooling film, a colorful plant-based film that gets cooler when exposed to sunlight, and a temperature-responsive film that turns darker in cold weather and lighter when it's hot.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529144154.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Chocolate's tasty flavors might pose a risk in other desserts | ScienceDaily
What makes chocolate taste and smell so delicious? Chemistry, of course! A variety of molecules work together to create that unmistakable aroma, but those same molecules might carry some unwanted health effects if there are too many around. According to research published in ACS' Journal of Agricultural and Food Chemistry, while many of the compounds appeared in chocolate in low enough concentrations to be safe, higher amounts were found in some baked sweet treats.


						
When making chocolate, cocoa beans are roasted to help their chocolatey flavors shine. During this process, new molecules like a,b-unsaturated carbonyls are formed when they react with other ingredients under high temperatures. This class of carbonyls is highly reactive and potentially genotoxic, or able to cause damage to DNA when consumed. Though naturally found in many foods, these carbonyls are also used as flavoring additives, and some have been banned in the European Union, including the buttery-tasting furan-2(5H)-one. To better understand how these molecules form naturally in foods, and whether or not they are present in levels that could pose a health concern, Alexandre Dusart and colleagues tested chocolates and other sweet treats for 10 different a,b-unsaturated carbonyls -- some of which have been confirmed as safe by the European Food Safety Authority, while others are still under evaluation.

The team created its own chocolates and found that a,b-unsaturated carbonyls formed during roasting and after the addition of cocoa butter; however, their concentrations remained too low to pose any health concerns from consuming the chocolates. Next, researchers screened 22 commercially available desserts, including crepes, waffles, cakes and biscuits, either with or without chocolate. In these packaged treats, they found even lower concentrations of nine of the 10 carbonyls compared to the chocolates.

The remaining carbonyl -- genotoxic furan-2(5H)-one -- appeared in much higher concentrations in the crepe and cake samples, reaching up to 4.3 milligrams per kilogram. Considering that the recommended threshold for genotoxic substances is only 0.15 micrograms per person per day, consuming these desserts could exceed that limit, though additional studies are needed to accurately assess the potential health risk.

Researchers concluded that the furan-2(5H)-one molecule likely formed during the baking process and did not seem to correlate with the amount of chocolate present in the packaged desserts. The team says that this work helps to better understand where these carbonyls come from in chocolate and highlights the importance of monitoring flavorings in food to keep consumers informed and safe.

The authors acknowledge funding from the Belgian Federal Public Service of Health, Food Chain Safety and Environment.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529144152.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Risky path to meeting climate targets for Stockholm | ScienceDaily
The Swedish capital Stockholm aims to capture more carbon dioxide than is emitted by 2030. Therefore, the city is investing in new technology at a combined heat and power plant. But it is a strategy that has been adopted without sufficient discussion of the risks, says researchers at Linkoping university, Sweden.


						
"Stockholm has a very ambitious climate policy. But there's also been a kind of resignation. This new technology has appeared to offer the promise of a solution. And that's perhaps why there's been no critical discussion at all," says researcher Alexander Olsson at the Department of Thematic Studies -- Environmental Change at Linkoping University.

The energy utility Stockholm Exergi is investing in new technology to capture carbon dioxide from the combined heat and power plant Vartaverket. Potentially, 800,000 tons could be removed per year and stored in the bedrock. Since the heat and power plant is fired by biofuel, this would mean that carbon dioxide is removed from circulation. These so-called negative emissions can then be offset against other emissions that politicians deem impossible to remove. The end result would be that Stockholm's net emissions would be zero or even negative. But there are many uncertainties.

Together with colleagues at the Department of Thematic Studies -- Environmental Change, Alexander Olsson has interviewed thirteen politicians and officials in Stockholm to hear their reasoning about the opportunities and risks. They have also analysed debates held in the municipal council from 2015 to 2023. Their conclusions are presented in an article in Energy Research & Social Science.

One thing is clear, according to the researchers. Neither in interviews nor in the debate transcripts is there any serious questioning of the path set out to meet the climate targets, which are to a large extent based on substantial negative emissions at Vartaverket. There seems to be a lack of an alternative plan.

"This means that Stockholm's climate targets are entirely dependent on this facility and the ability to store carbon dioxide. There is no plan B. it's a very, very risky portfolio, to put it in financial terms," says Alexander Olsson.

According to the researchers, the local decision-makers feel that much of climate policy and emissions is beyond their scope of influence. The thought of being able to make large amounts of carbon dioxide disappear through their own decisions thus appeals to the decision-makers. The opportunity to be at the forefront of technology and to be a role model for other cities is also appealing.




It is then tempting to ignore the fact that the technology may not work as intended or that implementation may be delayed. There are no ready-made solutions for how the carbon dioxide is to be transported and disposed of, or answers as to how large quantities can be taken care of. In addition, there are major environmental risks associated with the planned interim storage of carbon dioxide at the port of Vartahamnen close to the city. Almost none of this is mentioned in the interviews or in the debates.

In the light of the promise offered by the new technology, alternative measures risk appearing less important. For example, the researchers note that Stockholm's previous initiative to use biochar to store carbon dioxide has been diminished. There is also a risk that the discussion about which emissions can be influenced locally will be forgotten. For example, Stockholm wants to build a new plant for waste incineration. This would lead to increased carbon dioxide emissions, but it is not identified as a problem by the interviewed decision-makers, which may be due to the high hopes placed on capture at Vartaverket. It is easy to sit back, because the problem seems to be solved.

The researchers' advice is to set separate targets for how much carbon dioxide is to be captured and how much emissions are to be reduced from waste incineration and traffic. They say that this would make clearer which measures work and which do not. The targets should also be complemented by a risk analysis that looks at the likelihood that a measure will be successful. This would bring to light the need for alternative methods.

"We don't think things improve by not being critical. We believe that criticism is an important part of a democratic process, and that decisions will be better if there's a broader debate," says Alexander Olsson.

The study has been funded by the Swedish Energy Agency and Formas.
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New research approach: Exploring the mouthfeel of food with a microscope | ScienceDaily
A team led by Melanie Kohler and Veronika Somoza from the Leibniz-Institute for Food Systems Biology has presented a new research approach in the journal Nature Food. The perspectives article focuses on different ways to study the mouthfeel of food using atomic force microscopy to better understand the biophysical mechanisms that contribute to taste sensations in a broader sense. New findings in this area could drive the development of health-promoting products that contain less salt, fat, sugar and calories but still have a convincing mouthfeel.


						
The mouthfeel of a food plays a crucial role in its acceptance. For example, many people prefer the creamy consistency of quark and yogurt. Apples, on the other hand, should be juicy and crunchy and bread crusts crispy. This diversity shows that the optimal mouthfeel is highly dependent heavily on the type of food and is not uniformly defined.

Researching complex interactions

In addition, the interplay between the constituents, the texture and the temperature of food and various sensor molecules and cell types in the mouth is extremely complex. Junior research group leader Melanie Kohler says: "Mechanoreceptors in particular, which react to pressure or stretching, have been under-researched so far with regard to the optimal mouthfeel and their contribution to the flavor of a food."

Veronika Somoza, Director of the Leibniz Institute in Freising, adds: "In our current perspectives article, we present various experimental approaches that can be used to tackle the many unanswered questions surrounding mouthfeel from a biophysical point of view perspective. We have focused on biological atomic force microscopy."

The atomic force microscope is a suitable tool for scanning surfaces at an atomic level or investigating interactions between molecules such as food constituents and receptor proteins. However, it can also be used to apply mechanical pressure to cells, thereby activating mechanoreceptors for identifying and characterizing their cellular signal response.

Rethinking the traditional definition

According to Melanie Kohler, a fundamental biophysical and functional understanding of the diverse mechanosensory key players in oral and extra-oral tissue as well as their responses to food constituents is important. It enables constructing new hypotheses about the contribution of mechanosensors to the overall sensory impression of a food for answering many questions that are still pending in the molecular field.

"With regard to food research, we expect that future results will lead to a revision of our traditional definition of flavor, i.e. the overall sensory impression of a food, by including mechanical perception as an additional factor alongside taste and smell," explains the young scientist. "In terms of food production, our pioneering research approach opens up promising perspectives for the design of future, enjoyable and health-conscious nutritional options," Melanie Kohler continues.
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Researchers improve satellite surveillance of emperor penguins | ScienceDaily
Monitoring the global population of emperor penguins is a major challenge. Not only do they inhabit Antarctica's harsh, remote environment, their colony occupancy also fluctuates based on a series of factors. A new study published in Nature Communications, "Remote sensing of emperor penguin abundance and breeding success," draws attention to these challenges and presents a method that can accurately predict the number of breeding pairs as well as fledging chicks.


						
Over the last two decades, researchers have been using satellite imagery, among other technologies, as means for keeping track of this threatened species. While it has provided valuable population data, the counts to date are still inconsistent and unreliable for a variety of reasons. The first is that satellite images can only be taken between October and April, otherwise there isn't enough light to capture the species at their breeding sites, mostly on sea ice. Another challenge of satellite imagery is that the number of penguins present at a colony can highly vary, as adults may come and go. It also cannot capture chicks.

What this new method accomplishes is to use satellite imagery in conjunction with a phenological and a behavioral model.

"This means taking into consideration seasonal and conditional occurrences that may be taking place at the time a satellite image is captured. When it comes to emperor penguins, those include events such as the currently perceived penguin temperature, comparable to the windchill temperature for humans, and foraging efforts," said Daniel Zitterbart, one of the study's senior authors and an associate scientist at Woods Hole Oceanographic Institution (WHOI). "We tested these phenological and behavioral models for periods of three and four years in two different colonies."

The estimated counts from the satellite imagery were compared to a dataset collected over a 10 year period at the Pointe Geologie colony. Celine Le Bohec, a senior author of the study from CNRS-France and Scientific Centre of Monaco, whose team collected this dataset, emphasizes the importance of long-term, systematic time series for understanding and predicting the impacts of global changes.

"Systematic data collection on the biological component of ecosystems is still in its infancy, especially in harsh environments, in which consistent and repeatable research is particularly hard to achieve," Le Bohec said. "In the coming years, climate change, fishing and other human interference in emperor penguin's habitat will put the species ability to adapt under harsh pressure. This scarcity still constitutes a critical knowledge gap, and getting this methodology correct in a timely manner for emperor penguins will help to protect them."

The study's lead author, Alexander Winterl, a PhD candidate at Friedrich-Alexander Universitat Erlangen-Nurnberg, says he hopes these new population counts will contribute to more accurate predictions and inform policy.

"The rapid decline of ice on and around Antarctica threatens their livelihood." Winterl said. "Previous studies suggest that over 90% of the emperor penguin colonies will disappear by 2100 without major cuts in greenhouse gas emissions. We need to have accurate population data to make people aware of these extreme changes in the Southern Ocean, not only to protect these seabirds, but to draw awareness to the overarching impacts of climate change."

"Emperor penguins are at the top of the food web.They are a reflection of how lower levels of the marine food web are being impacted," Zitterbart said. "This research has the potential to transform the emperor penguin from a hard-to-study species to the canary in a coal mine of the Southern Ocean and act as an early warning system for ecosystem health. Using this new method, our next goal is to use annual satellite imagery to get accurate population counts and breeding success in all 66 emperor penguin colonies known to date."
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What makes some plant groups so successful? | ScienceDaily
Irish researchers involved in cataloguing the world's plant species are hunting for answers as to what makes some groups of plants so successful. One of their major goals is to predict more accurately which lineages of flowering plants -- some of which are of huge importance to people and to ecosystems -- are at a greater risk from global climate change.


						
There are around 350,000 species of flowering plants on Earth and each one is organised into a group called a genus, made up of closely related species with structural similarities. Some genera are small with just a single species (with relatively unique traits), but others are disproportionately large and contain thousands of species.

The "big plant genera" form a significant proportion of both global and Irish plant diversity, and are of disproportionate importance for both human nutrition and planetary health. Roughly one in four flowering plant species is a member of one of these.

Twenty years after the first assessment of big plant genera, research led by Trinity College Dublin and published today in the Proceedings of the Royal Society shows that these big genera are getting bigger and bigger as more and more species are described.

In fact, more than 10,000 species have been described in just 83 big genera since the year 2000, which is about 2.5 times the size of the total flora of Ireland.

Dr Peter Moonlight, Assistant Professor in Trinity's School of Natural Sciences, led the just-published study. He said: "Until recently, big plant genera were seen as too large to study. But a recent revolution in methods in plant science and the development of global, collaborative networks has allowed us to update our understanding of plant evolution and global plant diversity.

"We now hope to identify common patterns across big plant genera that may explain why they are big when the other 99% of genera are small. Perhaps they have similar distributions, genetics, or morphology -- we don't know yet, but this study is a key step to starting to understand this important evolutionary question.

"Big genera represent lineages of flowering plants that have been extremely successful in the game of evolution. Understanding why they became so successful may help us predict how they and other lineages on the tree of life will respond to the ongoing climate and biodiversity crises. Given that species in these big genera often have narrow ecological ranges in which they flourish, they may be more likely to be threatened by extinction as and when conditions change. They are a significant proportion of our global biodiversity, so perhaps we need to focus our conservation efforts most keenly on them."

In collaboration with his co-authors from the Natural History Museum in London, Royal Botanic Garden Edinburgh, and Rio de Janeiro Botanical Garden, Dr Moonlight will be leading a symposium at the International Botanical Congress in Madrid this summer.
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Orchids support seedlings through 'parental nurture' via shared underground fungal networks | ScienceDaily

A new study, led by researchers from the University of Sheffield in collaboration with The University of Manchester, provides the first evidence that early stage orchid seedlings germinate and thrive near to adult plants due to a kind of parental nurture using underground fungal networks.

Scientists investigated the idea that fungal networks, known as mycorrhizal networks, act as a direct pathway for established orchid plants to share recently produced sugars with developing seedlings.

Professor Katie Field, co-author of the study and Professor of Plant-Soil Processes at the University of Sheffield's School of Biosciences, said: "Our results support the idea that some orchids engage in a form of 'parental nurture' with their seedlings. By supplying early stage seedlings with essential nutrients via shared fungal connections, the parent orchids give the seedlings an advantage over neighbouring plants that are competing for the same resources.

"This finding is exciting because why these orchids are often found in clumps, despite their seeds being wind dispersed, has been a puzzle for hundreds of years."

The study focused on the Common Spotted Orchid and its fungal partner, Ceratobasidium cornigerum. Researchers created a system where mature, green orchids were connected to developing, chlorophyll-free seedlings through a fungal network grown on agar.

The mature plants were then exposed to a special form of carbon dioxide that could be tracked within the system.




Here's how it worked:
    	Green orchid plants were connected to developing seedlings through the fungal network.
    	The green plants were then exposed to a special form of carbon dioxide that could be tracked within the system.
    	After a period of time, the researchers analysed both the seedlings and the fungal network to see where the labelled carbon ended up.

The results were clear, the seedlings were accumulating the labelled carbon, indicating they were being supported by the adult plants. By tracking the movement of carbon, the study showed that the mature orchids were indeed sharing their recently produced sugars with the seedlings through the fungal network.

Sir David Read, Emeritus Professor of Plant Sciences from the University of Sheffield and lead author of the study, said: "Whereas the seeds of most plants, for example legumes (peas, beans) and grasses (rice, corn, wheat) are fully provisioned with food reserves by their parent plants, the so-called dust seeds of orchids receive insufficient reserves from the parents to develop on their own.

"They are instead produced in their millions by each individual parent orchid plant from which they are dispersed, by wind, to the surrounding environment. Even Charles Darwin was puzzled by this strategy, suggesting that while it should enable the seeds of an individual orchid plant to be so widely distributed that within a few years it could colonise the whole world. He observed that their failure to do so 'could not be understood at this time'.

"What is now revealed is that the belowground development of these essentially reserve-free seeds can be supported by photosynthetically produced sugars that are transported to them from mature plants growing above ground through a shared mycelium of symbiotic fungi."

Results of the study, published in New Phytologist, show the amount of carbon transferred seemed to depend on the environment. When the fungus had access to a richer food source (oatmeal agar), less carbon was transferred to the seedling. This suggests that the strength of the demand from the seedlings may influence the flow of nutrients through the network.

This research has important implications for understanding orchid ecology and conservation efforts. By recognising the importance of fungal connections, scientists can develop better strategies for protecting these unique and often threatened plants.

Next steps are to research this theory in the natural habitat that the orchids are found in and to look at whether this applies to other species.
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Aerosol pollution, greenhouse gases must be reduced simultaneously to keep forest fires in check | ScienceDaily
If we want cleaner air, fewer forest fires, and less severe climate change, a new UC Riverside study shows we must reduce aerosol pollution and greenhouse gases like carbon dioxide at the same time.


						
The study found that boreal forests in the northern hemisphere are particularly vulnerable to negative effects of cleaning up aerosol pollution. This includes forests in Canada, Alaska, northern Europe, and northern Russia.

Aerosols are small particles like dust and sea salt as well as airborne chemicals produced by fossil fuel combustion. They are responsible for poor air quality. The UCR study, published in the journal Science Advances, showed that reducing levels of human-made aerosols causes an increase in wildfires, especially in northern hemisphere forests.

Because aerosol particles like sulfate and their precursors like sulfur dioxide reflect sunlight and help make clouds brighter, removing them means more of the sun's heat hits the ground.

"Cleaning up the air, which is something we all want to do, will accelerate global warming and also impact wildfires unless we also reduce emissions of greenhouse gases like methane and carbon dioxide," said Robert Allen, UCR climatology professor and lead study author.

The warming effect of atmospheric carbon dioxide levels is well known. Burning fossil fuels for heat, electricity, and transportation is adding increasing levels of CO2 into the atmosphere. The CO2 acts like a blanket, preventing heat from leaving Earth.

Heat waves and drought occur more frequently in today's climate than they did 50 years ago. These conditions cause plants to die and become kindling for wildfires.




"When you dry out the soil, that also dries out plants, which makes them more combustible," Allen said. "Warming contributes to wildfires."

Both CO2 and aerosol reductions cause warming and create large increases in forest fires. However, reducing aerosol emissions creates more fire.

"We usually associate fire activity with increasing heat -- drier conditions, enhanced combustibility, and so on," Allen said. "But in our experiments, we saw that even though increases in CO2 cause a bigger increase in temperatures, there is actually a bigger increase in fire activity with aerosol mitigation."

As plants convert light into food in a process called photosynthesis, they use CO2. With more CO2 in the atmosphere, plants don't have to keep the pores in their leaves open for as long to get the CO2 they need. Keeping their pores closed allows them to retain more water. It also means the plants don't need to draw as much water from the soil.

This implies that under aerosol mitigation, plants dry out more. As fewer cooling aerosols make conditions warmer, water evaporates more from plant pores. As the plants lose water, they have to draw more of it from the soil, which also leads to drier soil.

Of note is that human-made aerosols have a short lifespan. "If you stopped aerosol emissions today, they'd fall out of the atmosphere in a week," Allen said.




Globally, there has been progress on reducing sulfate aerosols resulting from sulfur dioxide emissions. The U.S. and Europe have significantly decreased coal combustion. Remaining coal-fired power plants now use "scrubber" technology that prevents these chemicals from forming. "This is good for air quality but potentially bad for the climate," Allen said.

One faster way to offset the warming induced by aerosol mitigation would be to make significant reductions in methane emissions from agriculture, fossil fuels, and landfill waste.

Methane warms the planet 86 times more powerfully than carbon dioxide but has a much shorter half-life. Methane only lasts about a decade, compared to CO2 which can potentially last for thousands of years.

"The warming you'd get from reducing aerosols could be offset by reducing enough methane," Allen said.

More than 150 countries have signed a pledge to reduce methane emissions by at least 30 percent from 2020 levels by 2030. The participants represent more than half of all human-made methane emissions, so it is an achievable goal.

"We are on the right trajectory with regards to aerosols and methane. I still have hope, but there is a narrow window of time to make this happen and avoid the worst projected climate impacts," Allen said. "This decade is the important one."
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Fatal attraction: When endangered species try to mate with domestic relatives, both wildlife and people lose | ScienceDaily
Sticks and stones aren't enough to thwart biological attraction, but sometimes those are the only tools available to pastoralists trying to prevent wildlife from eloping with their livestock.


						
A new study led by Colorado State University brings awareness to both the human impacts of these encounters -- ranging from economic loss to death -- and conservation concerns for the wild animals that are often endangered.

Conserving threatened and endangered species is a globally recognized priority, but justice and equity for the marginalized pastoralist populations around the world who experience conflict with these species are often overlooked, according to the study's authors. Many pastoralists are Indigenous people with only sticks and stones as defense against aggressive wild males trying to usurp domestic females -- either by lobbing them at wild intruders or building stone walls to contain livestock.

"Can you imagine being on a treeless plain with an angry, 2,000-pound, testosterone-crazed, giant wild camel or wild yak barreling down on you and with stones as your only weapon?" said lead author Joel Berger, a professor in CSU's Warner College of Natural Resources and senior scientist with the Wildlife Conservation Society. "Not much safety there."

Pastoralists who tangle with wildlife might lose livestock and income or suffer injury or death. However, when wildlife clashes with livestock keepers, wildlife usually loses.

Flirting with disaster

Wild males that interfere with herders by attempting to court domestic females are sometimes killed out of retaliation, said co-author Naresh Kusi, the country program director at Himalayan Wolves Project. Kusi leads wild yak research for the program in Nepal, where the animal was once thought extinct. His team rediscovered the wild yak there in 2014.




Endangered wild yaks, wild camels, elephants, banteng and gaur (the latter two are Southeast Asian cattle) clash with pastoralists while looking for mates. Bison, wild sheep, ibex and guanacos (a llama-like wild camel in South America) also seek to procreate with domestic relatives, sometimes to their peril.

Before judging these frisky, four-legged Casanovas, understand that their mating pool is limited. For some of these native species, less than 1% exist in the wild.

Wild ancestors to domesticated stock are displaced as their habitat shrinks -- sometimes due to the expansion of livestock grazing lands. In places where livestock owners have guns, wild relatives have been killed to prevent intermingling. Such was the fate of many reindeer.

Reining in reindeer

Reindeer and caribou -- biologically the same species with different names based on geography -- live in the northern reaches of the globe in wild, feral, free-ranging and domestic forms. Wild reindeer numbers have declined dramatically, with some subspecies listed as endangered, mostly due to habitat loss.

According to the study, domestic Eurasian reindeer were introduced into western Alaska in the 1890s to offer an additional source of food and fiber for local Inupiat, Indigenous people native to northern Alaska. Wild male reindeer lured away domestic females for breeding. Herders in northern Europe and Asia experienced similar conflict, but wild interlopers were kept in check on all three continents through lethal means, to the benefit of herders and to the detriment of biodiversity.




Introgression vs. genetic purity

Hybridization and disease spread between wild ancestors and domestic descendants is a global issue affecting conservation and pastoral livelihoods -- even in the United States, where bison and bighorn sheep can become susceptible to disease when exposed to domestic partners or vice versa.

Herders sometimes favor hybridization because genes from wild progenitors are thought to enhance the hardiness of domestic stock. However, conservationists worry about the reduction in the genetic purity of wild species.

"From the perspective of genetic diversity, hybridization poses a potential threat to the wild ancestors because continuous introgression with the domestic relatives may gradually erode the genetic integrity of the wild forms, leading to the dilution of the wild gene pool over time," Kusi said.

Widespread human-wildlife conflict

The intermingling of wild animals and livestock may challenge only a small segment of the global human population, but it affects pastoralists on nearly every continent -- Africa, Asia, Europe, Australia and the Americas.

While the issue is geographically widespread, solutions must be locally specific and consider community perspectives, the authors said. To reduce human-wildlife conflict, herders, conservationists and government officials all must come together to develop culturally conscious best practices and solutions, they wrote.

"There is much value to existence, even for places humans will not visit and for species they might not ever see," Berger said. "Giving a voice and recognition to the problems can improve conservation needs for both people and endangered species."
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Scent detection dogs discern odour molecules better than previously thought | ScienceDaily
According to a recent study, dogs trained to detect scent may be able to identify significantly lower concentrations of odour molecules than has previously been documented.


						
A study carried out by the University of Helsinki's DogRisk research group, the University of Eastern Finland and Wise Nose -- Scent Discrimination Association in Finland investigated the threshold for scent detection in dogs.

The study revealed that dogs can learn to identify concentrations of eucalyptus hydrolate that are clearly below the detection threshold of sophisticated analytical instruments used today. The concentrations were also far below previously reported levels.Dogs' extraordinary sense of smell can be exploited, for example, in search and rescue operations and in medical detection.

The 15 dogs that participated in the study had different training backgrounds. Some dogs had experience of nose work, which is a hobby and competitive dog sport, while some had been trained to identify diseases, mould or pests.

In the study, the dogs were to differentiate samples containing low concentrations of eucalyptus hydrolate from samples containing only water.The focus was on determining the lowest concentration that the dogs could detect for certain. The study included three different tests where the concentrations of the hydrolate were diluted gradually until the dogs could no longer identify the scent. This determined the threshold for their scent detection ability.

"The dogs' scent detection threshold initially varied from 1:104-1:1023 but narrowed down to 1:1017-1:1021 after a training period. In other words, the dogs needed 1 to 10 molecules per millilitre of water to detect the right sample. For perspective, a single yeast cell contains 42 million molecules," describes the principal investigator of the study, Anna Hielm-Bjorkman from the University of Helsinki.

In addition, the researchers found that there was great variation between the eucalyptus hydrolate products commonly used in nose work. They analysed ten commercial products and detected, for instance, different concentrations of eucalyptol and lower alcohols.

"This explains why many dogs used to commercial eucalyptus hydrolates showed unexpectedly poor results in the study. Their sense of smell is so precise that they did not identify the eucalyptus hydrolate used in the study to be same substance that they were familiar with. This demonstrates the importance of using standardised nose work products in both training and sports competitions," concludes Visiting Researcher Soile Turunen from the University of Eastern Finland.
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Heart healthy behaviors may help reverse rapid cell aging | ScienceDaily
The benefit of better heart health may be associated with the positive impact of heart healthy lifestyle factors on biological aging (the age of the body and its cells), 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.


						
"Our study findings tell us that no matter what your actual age is, better heart-healthy behaviors and managing heart disease risk factors were associated with a younger biological age and a lower risk of heart disease and stroke, death from heart disease and stroke and death from any cause," said Jiantao Ma, Ph.D., senior study author and an assistant professor in the division of nutrition epidemiology and data science at the Friedman School of Nutrition Science and Policy at Tufts University in Boston.

This study analyzed whether a chemical modification process known as DNA methylation, which regulates gene expression, may be one mechanism by which cardiovascular disease health factors affect cell aging and the risk of death. DNA methylation levels are the most promising biomarker to estimate biological age. To some degree, biological age is determined by your genetic makeup, and it can also be influenced by lifestyle factors and stress.

Researchers examined health data for 5,682 adults (mean age of 56 years; 56% of participants were women) who were enrolled in the Framingham Heart Study, an ongoing, large, multigenerational research project aimed at identifying risk factors for heart disease. Using interviews, physical exams and laboratory tests, all participants were assessed using the American Heart Association's Life's Essential 8 tool. The tool scores cardiovascular health between 0-100 (with 100 being the best) using a composite of four behavioral measures (dietary intake, physical activity, hours slept per night and smoking status) and four clinical measurements (body mass index, cholesterol, blood sugar and blood pressure). Each participant was also assessed using four tools that estimate biological age based on DNA methylation and a fifth tool that assesses a person's genetic tendency towards accelerated biological aging. Participants were followed for 11-14 years for new-onset cardiovascular disease, cardiovascular death or death from any cause.

The analysis found:
    	For each 13-point increase in an individual's Life's Essential 8 score, the risk of developing cardiovascular disease for the first time was reduced by about 35%, death from cardiovascular disease was reduced by 36% and death from any cause was reduced by 29%.
    	In participants with a genetic risk profile making them more likely to have an accelerated biological age, the Life's Essential 8 score had a larger impact on outcomes potentially via DNA methylation, i.e., DNA methylation accounted for 39%, 39%, and 78% reduction in the risk of cardiovascular disease , cardiovascular death and all-cause death, respectively.
    	Overall, about 20% of the association between Life's Essential 8 scores and cardiovascular outcomes was estimated to be due to the impact of cardiovascular health factors on DNA methylation; in contrast, for participants at higher genetic risk, the association was almost 40%.

"While there are a few DNA methylation-based, biological age calculators commercially available, we don't have a good recommendation regarding whether people need to know their epigenetic age," Ma said. "Our message is that everyone should be mindful of the eight heart disease and stroke health factors: eat healthy foods; be more active; quit tobacco; get healthy sleep; manage weight; and maintain healthy cholesterol, blood sugar and blood pressure levels."

Randi Foraker, Ph.D., M.A., FAHA, co-author of the Life's Essential 8: Updating and Enhancing the American Heart Association's Construct of Cardiovascular Health, said the findings are consistent with prior research.




"We know that modifiable risk factors and DNA methylation are independently associated with cardiovascular disease. What this study adds is that DNA methylation may serve as a mediator between risk factors and cardiovascular disease," said Foraker, who is a professor of medicine at the Institute for Informatics, Data Science and Biostatistics and director of the Center for Population Health Informatics, both at Washington University School of Medicine in St. Louis, Missouri. "The study highlights how cardiovascular health can impact biological aging and has important implications for healthy aging and prevention of cardiovascular disease and potentially other health conditions."

Study details, background and design:
    	The study analyzed health data for a subgroup of participants who attended the Framingham Heart Study exams in the offspring group from 2005 to 2008 and the third-generation group from 2008 to 2011.
    	Participants were followed for an average of 14 years for children of original participants and 11 years for the grandchildren.
    	Health outcomes for the analysis included the development of cardiovascular disease (coronary heart disease, heart attack, stroke or heart failure), death from any cardiovascular disease or death from any cause.
    	Results were adjusted for sex, age and alcohol use. Results for all-cause death were adjusted for the presence of cancer (excluding non-melanoma skin cancer) or heart disease at study enrollment. Participants already diagnosed with heart disease at study enrollment were excluded from the analysis of new-onset cardiovascular disease.
    	The four tools to measure DNA methylation-based epigenetic age scores were based on established algorithms for DunedinPACE Score, PhenoAge, DNAmTL and GrimAge. A fifth tool, GrimAge PGS, assessed genetic tendency towards accelerated biological aging.

Because the study is an analysis of previously collected health data, it cannot prove a cause-and-effect relationship between cardiovascular health risk factors and DNA methylation. In addition, DNA methylation measures were from a single time point, which limits the validity of the mediation effect. The study's findings are also limited because the participants were predominantly of European ancestry, so the interactions of Life's Essential 8 and genetic aging found in this study may not be generalizable to people of other races or ethnicities.

"Currently, we are expanding our research to include people of other racial and ethnic groups to further investigate the relationship of cardiovascular risk factors and DNA methylation," Ma said.

According to the American Heart Association's 2024 Heart Disease and Stroke Statistics, heart disease and stroke claimed more lives in the U.S. in 2021 than all forms of cancer and chronic lower respiratory disease combined, and also accounted for approximately 19.91 million global deaths.
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Health risk from global warming predictor of city climate action during COVID-19, study finds | ScienceDaily
Cities around the world were more likely to maintain climate action and enact 'green recovery' long-term plans after the pandemic if local decision-makers were more alert to the health risks of climate change, a new global study has shown.


						
The health benefits of tackling climate change, such as cleaner air and more access to green spaces, were key drivers in city officials' decisions to continue with climate plans despite funding shortfalls caused by the COVID-19 crisis.

Overall, the study showed that enduring and ambitious climate action during the pandemic was more common in cities in the Global South than in Europe or North America, despite greater funding challenges.

Officials in these cities were also more likely to employ successful practices such as partnering with other cities to strengthen climate action plans, or with businesses to bolster sustainability initiatives.

Study first author Dr Tanya O'Garra, from the Centre from Environmental Policy at Imperial College London, and Middlesex University, said: "Nearly 60% of people live in cities worldwide, which can be economically beneficial for them, but city-dwellers are increasingly vulnerable to multiple crises caused by pandemics, conflict and climate change itself.

"City leaders often pave the way with ambitious climate action until calls to tackle these other threats can draw funds away from their climate goals. Because these major challenges are so intertwined, this leaves their populations more vulnerable to all risks.

"If we find out how city officials can maintain action in the face of such challenges, we can help large populations, especially the poorest and most vulnerable to these interconnected risks, avoid the most serious consequences of climate change."

The research, conducted by researchers in Canada, Germany, the Netherlands, the United States and the UK, is published in the journal Nature Cities.




Driving climate action

The team analysed survey data provided by city officials on the Carbon Disclosure Platform (CDP) from 2021, and other sources, to assess how 793 cities globally responded to the COVID-19 crisis in terms of their climate actions, funding and green recovery efforts.

While they found that in the short term, the majority of city decision-makers kept up their climate commitments, green recovery plans were set up in only 43% of cities, suggesting the remainder of the cities are not investing in longer-term climate plans.

Many previous studies of local city-based climate plans have focused on North America and Europe, but in this study 48% of the cities assessed were in the Global South. The results show that, in general, decision-makers for Global South cities have higher ambition in climate action and promoted more green recovery efforts despite facing greater funding shortfalls than cities in Europe and North America.

The team identified two broad reasons underlying city officials' commitments to climate action. The first is exposure to environmental stress: in cities where citizens experience more climate-related issues (for example, climate hazards like floods or droughts, or persistent issues like air pollution) officials are more motivated to pursue sustained climate action.

The second was early engagement with climate and sustainability: the more that city officials had already engaged in addressing climate and sustainability issues (for example, by joining climate networks, or by aligning economic development with sustainability), the more likely these issues had become embedded in city policies, processes and interactions, making them more likely to continue even under a crisis scenario.




Measuring motivations

The team are now conducting in-depth interviews with city planning and administration officials in a selection of the cities. Preliminary interviews with officials in Kochi, India, confirmed the credit for their resilience was due to many of the factors the team had identified in the data.

For example, interviewees identified the benefits of existing coordination between state and local bodies and engagement with different stakeholders in planning, including academics, entrepreneurs, civil society organizations and the public.

They noted that the pandemic also led to an increased focus on climate action in the city, which has also occurred after other natural disasters.
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Wild megalopolis: Study shows unexpected pockets of biodiversity pepper Los Angeles | ScienceDaily
UCLA biologists have some good news and some bad news for lovers of urban wildlife in Los Angeles. The good news? Unexpected pockets of biodiversity pepper the city. The bad news? It will be a challenge to elevate the level of overall biodiversity of the city. Of all the major taxonomic groups studied, only snails and slugs are 'easy' to find in Los Angeles, probably because of the abundance of landscaping, gardens and irrigation.


						
The research points toward ways Angelenos -- and people elsewhere -- can make their city more hospitable not only to urban-tolerant species such as coyotes, but also to species that usually avoid cities, such as wrentits, a small songbird.

"Los Angeles should rightly pat itself on the back for attracting and supporting mountain lions, most notably, the late, great P-22," said Joseph Curti, a doctoral candidate in ecology and evolutionary biology and lead author of a new study published in the journal PLOS One. "Our study highlights additional native species that are present within even the most urbanized areas of the city."

The research was conducted with Los Angeles as part of the LA City Biodiversity Index, a tool designed to monitor progress toward L.A.'s Green New Deal goal: no net loss of native biodiversity by 2050. The index assesses what's happening to habitats and how various habitats connect, as well as how well the city is engaging with students and the larger community regarding biodiversity and how it's working to protect endangered species through action plans and policies.

In the city's LA Biodiversity Index Baseline Report, Los Angeles received 37 out of 110 possible points. In general, the greater the urban intensity, the fewer native wild species lived there. This metric was designed to be reevaluated every three years, so the city can track measures to attract urban biodiversity.

"This work provides the foundational data and maps needed for the city and Angelenos to proactively create habitat for biodiversity," said co-author Michelle Barton, an environmental manager for the city of Los Angeles. "Over time, we hope to see that initiatives that create new habitat support not just urban tolerant species, but also our urban avoider species."

Using observations logged by the public on the iNaturalist app, the UCLA-led prong of the project evaluated the response of 510 native species within a 124-mile radius of Los Angeles to urban intensity, as indicated by the amount of noise, light and impervious surfaces.




Not surprisingly, the regions of greatest diversity were in areas that bordered hills and mountain ranges or in affluent neighborhoods with ample green spaces. But UCLA researchers also discovered isolated refuges in the heart of the city where some species flourished. Twenty-spotted lady beetles and house wrens, for example, abound in the Dodger Stadium parking lot. Downtown's Pershing Square supports mourning doves, Vaux's swifts, gopher snakes and exotic streaktails, a type of fly that feeds on aphids.

The authors focused on 12 taxonomic groups that are accurately detected and logged by community scientists on iNaturalist:
    	amphibians and reptiles
    	bees and wasps
    	birds
    	butterflies and moths
    	dragonflies and damselflies
    	grasshoppers, locusts and crickets
    	hoverflies
    	lady beetles
    	leafhoppers
    	mammals
    	snails and slugs
    	spiders

The researchers selected observations of animals that were native to the study area, that had a natural history typical for other members of their taxonomic group, and mapped the observations on a quarter-mile grid across the city. They calculated the relationship of a given species to the three measures of urban intensity (noise, light impervious surfaces) and calculated the community-wide average of these species-level responses to urban intensity for each quarter-mile grid cell throughout the city. The scores were intended to assess how well the species fared in the city relative to other species and place them within a continuum of urban tolerance, from most to least avoidant.

For example, data published by previous researchers show that many species of urban raptors, such as Cooper's hawks and red-shouldered hawks, do pretty well in response to urban intensification and increase nesting in urban areas. But some urban raptors, such as American kestrels, decrease nesting in response to increased urban intensification.

Looking at the response to urban intensity as a continuum instead allowed the researchers to understand the responses of species at a finer resolution. For example, red-shouldered hawks had a high score of 0.19 and Coopers hawks had a fairly high score of 0.11, but kestrels had a lower score of -0.03. The scores reveal that while both hawk species are doing relatively well, the Cooper's hawks favor the city somewhat less, and kestrels tend to avoid the city. The findings support and add nuance to the earlier research.

"Now we have a sense of not only urban tolerant/urban avoidant, but the degree to which each species is responding to our measures of urban intensity," Curti said. "This allows us to better understand the species and their relationship to the urban environment."

The city of Los Angeles provides a list of ways in which people can promote biodiversity in their neighborhoods, including:
    	Plant native plants. Those specific areas can be found at Calscape, the California Native Plant Society's website.
    	Create a habitat in your yard by avoiding excessive pruning in the spring and leaving leaves in your yard in the fall, retaining tree snags and other deadwood, which provide habitat for many species.
    	Remove artificial light sources from your home at night.
    	Do not spray herbicides/pesticides around your home.

People should also consider keeping their feline friends indoors because research has established that cats are major predators of birds and other small animals, Curti said.
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Bird flu: Diverse range of vaccines platforms 'crucial' for enhancing human pandemic preparedness | ScienceDaily
Vaccination remains the most effective strategy for avian influenza prevention and control in humans, despite varying vaccine efficacy across strains.


						
That's according to the authors of a new review which delves into existing research into bird flu vaccines for humans.

Published in the peer-reviewed journal Human Vaccines & Immunotherapeutics, the results of the paper are particularly timely following news last week (Wednesday 22nd May) that the bird flu strain H5N1 had once again, for a second time, jumped from cattle in America to a human -- prompting fears of subsequent human-to-human infection, with possible critical consequences.

Instances of the avian influenza were first recognized in US cattle in March. Since then, this strain has mainly spread from cow-to-cow and scientists have discovered very high levels of virus in raw milk (pasteurized milk is safe, having shown viral RNA but not infectious virus). To-date two people, however, are known to have contracted the bird flu virus. Both patients -- US farmers -- only reported eye symptoms and with treatment they made a full recovery.

Following tests on the first human instance, it was seen that the strain had mutated to be better adapted to mammalian cells, but as long as that human didn't pass it onto another person it likely stopped the spread at that point. With the second case, the CDC has released a statement to say it has been monitoring influenza surveillance systems intently, especially in impacted states. "There has been no sign of unusual influenza activity in people, including in syndromic surveillance," they report.

The concern now, though, is that if H5N1 continues to be given the environment in which to mutate (such as in close quarter cattle farms) -- and this continues long enough -- it has the potential to find a combination that will easily spread to humans.

The results of this new research, carried out by a team at the University of Georgia, USA, suggests vaccines still remain our "primary defense" against potential spread of avian influenzas such as the H5N1 and others assessed.




"The H5N1, H7N9, and H9N2 subtypes of avian influenza virus pose a dual threat, not only causing significant economic losses to the global poultry industry but also presenting a pressing public health concern due to documented spillover events and human cases," explains lead author Flavio Cargnin Faccin, who alongside his mentor Dr. Daniel Perez of the University of Georgia, USA, analyzed the current landscape of research into human vaccines for these bird flus.

"This deep delve into the landscape of avian influenza vaccines for humans shows vaccination remains the primary defense against the spread of these viruses."

The team examined studies of vaccines tested in mice, ferrets, non-human primates, and clinical trials of bird flu vaccines in humans, and assessed both established platforms and promising new directions.

The review carried out suggests inactivated vaccines are a safe and affordable option that primarily activate humoral immunity -- the part of our immune system that produces antibodies.

Live attenuated influenza vaccines (LAIVs) are known to induce a wider immune response than inactivated vaccines, activating not only antibody production but also mucosal and cellular defenses. In this review, the authors suggest this broader response may offer greater protection, though, the authors suggest further research is needed to fully understand and harness its potential benefits for both human and agricultural applications.

The review also examined alternatives, such as virus-like particle (VLP) vaccines and messenger RNA (mRNA) vaccines, that have emerged more recently. Although VLP vaccines for bird flu have limited clinical trial data in humans, results from studies in mice and ferrets showed promise, the authors found. mRNA vaccines against H5N1 and H7N9 bird flu subtypes also generated a rapid and strong immune response in mice and ferrets, and, while data in humans is scarce, results from a phase 1 study of an H7N9 mRNA vaccine in healthy humans were "encouraging."

Overall, the team suggests "exploring and employing a diverse range of vaccine platforms," will be "crucial for enhancing pandemic preparedness and mitigating the threat of avian influenza viruses."
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Marine Protected Areas don't line up with core habitats of rare migratory fish, finds new research | ScienceDaily
62% of Marine Protected Areas (MPAs) designated to protect rare migratory fish species are outside of their core habitats, according to a new modelling study. The findings are published in the British Ecological Society's Journal of Applied Ecology.


						
A team of researchers in France from the "Pole MIAME" that gathers diadromous fish experts from multiple research institutions (OFB, INRAE, Institut Agro and UPPA) have developed a new modelling approach that accurately predicts core and unsuitable habitats of rare and data-poor diadromous fish (fish which migrate between marine and freshwater), such as threatened shads and the IUCN red-listed 'critically endangered' European eel.

The researchers found that 62% of MPAs which are specifically meant to protect diadromous fish species, don't overlap with the core habitats of the fish modelled in the study.

In fact, only 55% of the modelled core habitats of diadromous fish fell within any MPAs, and of these protected areas, only had half had specific measures to protect the species.

When looking at individual species, the researchers found that less than 30% of the endangered Mediterranean twaite shad (Alosa agone) core habitat was within MPAs.

Although other species such as European eel and European smelt had around 70% of their core habitats within MPAs, only 9% of these MPAs have specific measures to protect the European eel, and none had specific measures to protect European smelt.

Dr Sophie Elliott at the Game and Wildlife Conservation Trust (previously at Institute Agro in France) and lead author of the study, said "Given the sharp decline in diadromous fish which was noted just last week by The Living Planet Index (LPI) for migratory freshwater fishes 2024 update, it is a surprise more isn't being done to protect these species.




"We found that existing Marine Protected Areas with and without measures to protect listed diadromous fish across France, England, Belgium, and the Netherlands are not adequately protecting them despite a number of these fish being protected."

Dr Anthony Acou, at the French Biodiversity Agency and Patrinat, in charge of diadromous fish evaluation for the EU MSFD (Marine Strategy Framework Directive), and a co-author of the study, added that "Due to a lack of data on rare species, spatial protective measures are often implemented with little understanding of the species distribution and habitat ('the rare species paradox')."

Dr Laurent Beaulaton, also at the French Biodiversity Agency, and a co-author said "We hope that our 'Combined Model for Accurate Prediction' methodological framework can help improve accurate rare species distribution modelling for reliable biodiversity assessments, meaning conservation measures can be targeted in specific areas that protect rare and poorly detected species while also minimising conservation impacts on human activity."

The researchers tested their newly developed modelling approach on diadromous fish because very little is known about their at-sea life history stage and there is no existing model of their distribution.

These types of fish are also sensitive to anthropogenic pressures. Dr Sophie Elliott explained that "Diadromous fish species are particularly threatened because they are subject to terrestrial, freshwater, and marine pressures such as agricultural and pollutant runoffs, habitat destruction, barriers to migration, fishing, bycatch, and climate change. These barriers cumulate through their life cycle as they travel between their freshwater and marine habitats."

To test the accuracy of their new modelling approach, the researchers collated an unprecedented amount of data on fisheries-dependent and independent data within eastern Atlantic and Mediterranean waters, focussing on 11 rare and data-poor diadromous fish including the European eel, European flounder, smelt and three species of shad and the thinlip mullet. They then compared the predicted core and unsuitable habitats for the fish against 89 OSPAR and habitat Directive MPAs found in these waters.

The researchers would now like to see their modelling approach expanded to larger areas across the Northeast Atlantic and look closer at habitat types. "The next step is to better characterise at-sea functional habitats (migratory corridor, nursery area, refuge area) of the different species. But for that additional data are needed..." added Dr Etienne Rivot, a population modelling expert at DECOD (Ecosystem Dynamics and Sustainability), L'Institut Agro, INRAE, Ifremer, and a co-author of the study.

The researchers also highlight that the modelling approach could be used for other protected, threatened and usually rare species, particularly for species where protected areas have been put in place for their conservation.
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Intermittent fasting shows promise in improving gut health, weight management | ScienceDaily
A new study by researchers from Arizona State University and their colleagues highlights a dietary strategy for significant health improvement and weight management.


						
Participants following an intermittent fasting and protein-pacing regimen, which involves evenly spaced protein intake throughout the day, saw better gut health, weight loss and metabolic responses. These benefits were notably greater than those seen with simple calorie restriction.

The findings, reported today in the journal Nature Communications, could advance our understanding of the relationship between the gut microbiome and metabolism and improve strategies for managing obesity.

The researchers compared the effects of two low-calorie dietary interventions: a heart-healthy continuous calorie-restricted diet (based on USDA dietary recommendations), and a calorie-restricted regimen incorporating intermittent fasting and protein pacing.

The trial was conducted with 41 individuals who were overweight or obese over a period of eight weeks. Individuals in the intermittent fasting and protein-pacing group showed a decrease in symptoms of gastrointestinal problems and an increase in diversity of the gut microbiota compared with those in the calorie-restriction group.

The intermittent fasting protocol increased beneficial microbes in the gut that have been linked to a lean body type and improved overall health. Additionally, it increased the levels of certain proteins (cytokines) in the blood associated with weight loss, as well as amino acid byproducts that promote fat burning.

Intermittent fasting is an eating pattern that cycles between periods of fasting and eating. The method has recently gained popularity for its potential health benefits, including weight loss, improved metabolic health and enhanced brain function.




"Given the gut microbiota's location and its constant interaction with the GI tract, we have been gaining a deeper understanding of its pivotal role in dietary responses these last several years," says Alex Mohr, lead author of the new study. "While limited in duration and sample size, this comprehensive investigation -- which included the analysis of the gut microbiome, cytokines, fecal short-chain fatty acids and blood metabolites -- underscores the intricate interplay between diet, host metabolism and microbial communities."

Mohr led the microbiome and molecular investigations, evaluating gut microbial composition, inflammatory molecules called cytokines, SCFAs (metabolites derived from dietary fiber, important for regulating energy balance) and the metabolome.

Mohr is a researcher with the Biodesign Center for Health Through Microbiomes at ASU. Rosa Krajmalnik-Brown, the center director, and researchers Devin Bowes, Karen Sweazea and Corrie Whisner are also contributors to the study.

Corresponding author Paul Anciero of the Department of Health and Human Physiological Sciences at Skidmore College led the clinical trial, which tracked weight loss and body composition.

The study also included contributions from ASU researchers Paniz Jasbi and Judith Klein-Seetharaman, with the School of Molecular Sciences, and Dorothy Sears and Haiwei Gu, with the College of Health Solutions.

Diet, microbiome and weight loss

The gut microbiome refers to the diverse community of microorganisms residing in the gastrointestinal tract, including bacteria, viruses, fungi and other microbes. Numbering in the many trillions of organisms, this complex ecosystem plays a crucial role in essential bodily functions and overall health.




The gut microbiome helps break down food, produce vitamins and promote the absorption of nutrients. It plays a role in the development and function of the immune system by protecting the body against harmful pathogens. Finally, the gut microbiome keenly regulates metabolism, impacting body weight, fat storage and insulin sensitivity.

Caloric restriction, intermittent fasting (limiting food consumption to certain windows on some days) and protein pacing (controlled protein intake at specific meals) have been shown to affect body weight and composition, but the effect of these dietary modifications on the gut microbiome has been unclear until now.

"A healthy gut microbiome is essential for overall health, particularly in managing obesity and metabolic diseases," says Sweazea, the ASU principal investigator of this Isagenix-funded study. "The gut bacteria influence how we store fat, balance glucose levels and respond to hormones that make us feel hungry or full. Disruptions in the gut microbiota can lead to increased inflammation, insulin resistance and weight gain, underscoring the critical role of gut health in preventing and managing metabolic disorders."

Study and findings

The clinical trial involved 27 female and 14 male participants who were overweight or obese. Participants were divided into two groups: one following the intermittent fasting and protein pacing regimen, and the other adhering to a heart-healthy, calorie-restricted diet. Both groups were monitored over eight weeks for changes in weight, body composition, gut microbiome composition and plasma metabolomic signatures.

Participants following the intermittent fasting and protein pacing regimen experienced a significant reduction in gut symptoms and an increase in beneficial gut bacteria, particularly from the Christensenellaceae family. The study also found these microbes are associated with improved fat oxidation and metabolic health. In contrast, the calorie-restricted group showed an increase in metabolites linked to longevity-related pathways.

Despite both groups having similar average weekly energy intake, the intermittent fasting and protein pacing group achieved greater weight loss and fat reduction with an average loss of 8.81% of their initial body weights during the study. In comparison, those on a calorie-restricted diet lost an average of 5.4% body weight.

Participants who followed the intermittent fasting and protein-pacing diet experienced reductions in overall body fat, including belly fat and deep abdominal fat, and saw an increase in the percentage of lean body mass.

The study underscores the potential of intermittent fasting and protein-pacing diets in improving gut health and weight management. While further research is necessary, these findings offer a promising avenue for creating effective dietary interventions for obesity and related metabolic disorders.

"By identifying shifts in specific microbes, functional pathways and associated metabolites, this line of work holds promise for personalized health strategies as we can better tailor nutritional regimens to enhance gut function and metabolic outcomes," Mohr says.

Additional institutions contributing to the study: Systems Precision Engineering and Advanced Research (SPEAR); Center of Translational Science, Florida International University; Isagenix International LLC; and the School of Health and Rehabilitation Sciences, Department of Sports Medicine and Nutrition, University of Pittsburgh.
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Scientists identify gene that could lead to resilient 'pixie' corn | ScienceDaily
A widely found gene in plants has been newly identified as a key transporter of a hormone that influences the size of corn. The discovery offers plant breeders a new tool to develop desirable dwarf varieties that could enhance the crop's resilience and profitability.


						
A team of scientists led by Iowa State University spent years working to pinpoint the functions of the gene ZmPILS6. Now, they have been able to characterize it as an important driver of plant size and architecture, a carrier for an auxin hormone that helps govern growth in roots below ground and shoots, or stalks, above ground. Their findings were published in the Proceedings of the National Academy of Sciences (PNAS) this week.

"A hallmark of the current age of science is that we have all this high-quality genome data, whether for corn or humans or other organisms, and now we have the task of figuring out what the genes actually do," said Dior Kelley, assistant professor of genetics, development and cell biology at Iowa State, who led the research team.

The group used "reverse genetic screening" (from the gene to traits expressed in the plant), combined with other techniques, as they tracked their gene's role in corn development. Reverse screens require multiple growing seasons and don't always work, according to Kelley. It took seven years for her group to thoroughly characterize ZmPILS6 and verify it regulates plant growth.

When "knocked out" of modified, mutant plants, its absence suppressed root lateral formation and plant height. The research has led to a provisional patent for its potential to be used in breeding programs to create short stature corn that is still highly productive.

"I think of this as 'pixie' corn," Kelley said. "There's a lot of interest in it for all kinds of reasons, including reduced use of water and nutrients and its ability to withstand high winds."

As they studied ZmPILS6 in corn, the researchers made another curious finding: The gene seemed to have opposite effects on plant growth than a comparable gene in Arabidopsis, a plant often used as a model for research.




"This was very unexpected," Kelley said. "It illustrates that plant proteins, which have evolved in different contexts, can behave differently. It emphasizes the need to study genes directly within key crops of interest, rather than thinking we understand them based on how they work in other plants."

Kelley gives a lot of the credit for the project's success to a "great team of collaborators," especially Craig Cowling, a doctoral student in Kelley's lab who is the first author on the PNAS paper. "Craig was the one to really dig in, to confirm that this gene carries the plant hormone auxin, and it absolutely controls size in corn."

"This project and being acknowledged as first author on a paper in this important journal has been a little unbelievable," Cowling said. "It's been a long journey for me. I never thought I would go to college when I was in high school in Des Moines, so I went into ROTC and then the Marines, where I worked around the world as a technology specialist. When I got out, I wanted to do something different. Thanks to some good mentors, I've figured out that I love working with and understanding plants."

Kelley calls the new research "foundational" basic research to understand a gene that impacts numerous, complex growth traits, which evolution has conserved through many plants, from algae to maize. "It is also 'translational,' in that it links to genetic resources that can be used to improve breeding programs," she said. "This opens up whole new questions and facets of research for my laboratory."

This project has been supported by an Agriculture and Food Research Initiative competitive grant through the USDA National Institute of Food and Agriculture and USDA Hatch start-up funding from Iowa State University's College of Agriculture and Life Sciences.
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Altering cancer treatment dosing could reduce climate impact, study finds | ScienceDaily

The team looked at 7,813 veterans receiving the immunotherapy treatment pembrolizumab through the Veterans Health Administration. Pembrolizumab is an intravenous treatment that is often given every three weeks at a standard, one-size-fits-all dose of 200 milligrams. Researchers estimated the environmental impact of patients coming in for this care every three weeks: carbon dioxide emissions from patients' transportation to and from the clinic, manufacturing of the drug, and medical waste like needles, tubing and bags used during the compounding and infusing process.

Then they considered alternative scenarios. What if patients received 400 milligrams of pembrolizumab every six weeks, a dose approved by the U.S. Food and Drug Administration? What if they received a dose proportionate to their weight instead of the standard dose, as pembrolizumab was originally approved by FDA? Data suggests these approaches achieve cancer outcomes equivalent to the standard three-week flat dosing and likely reduce the burdens of cancer treatment that patients face.

They found that for this cohort of patients, extending treatments to every six weeks instead of every three weeks would have required 15,000 fewer infusions. That means 15,000 fewer trips to the clinic and 15,000 fewer incidents of compounding and infusing treatments. In total, this change would reduce greenhouse gas emissions in just the VHA by 200 tons per year. Results are published in The Lancet Oncology.

"As providers, every time we're with a patient we're faced with this litany of decisions that both we and the patient have to make. Those decisions -- every three week dosing or every six week dosing -- seem small but they really add up," said study author Garth W. Strohbehn, M.D., M.Phil., assistant professor of internal medicine at Michigan Medicine.

Next, researchers looked at the impact that the reduced carbon emissions could have on climate change and human health -- not just for the person with cancer, but for all of us, due to rising global temperatures. The model indicates that by continuing the current trends in pembrolizumab dosing instead of changing to less-frequent dosing, about three more people will die per year between now and 2100 because of the extra greenhouse gas emissions.

"There will more than likely be folks completely uninvolved in cancer care who are harmed by choosing to dose this medicine the way that we do. It doesn't need to happen," said Strohbehn, who is also a member of the U-M Institute for Healthcare Policy and Innovation and early career research scientist at the VA Ann Arbor Center for Clinical Management Research.




"That's the point we're trying to make here: There are likely to be health costs that non-patients in a society can expect to bear when we choose to practice cancer care the way we do. Do we have a moral obligation to change the way we're doing things if the patient in front of us is not harmed by it?"

Patient transportation to and from appointments was the biggest driver of carbon emissions, researchers found, which suggests that less-frequent infusion treatments would not only help the environment but also potentially improve patient quality of life due to fewer trips to the hospital. Researchers also estimated significant cost savings for VHA from the alternative dosing regimens since the total amount of drug used with the weight-based doses is lower than the one-size-fits-all approach, echoing earlier findings from Strohbehn's team.

The study authors suggest that multiple policy actions would need to be aligned to facility this change. They suggest payers could develop targeted incentives around environmentally conscious care. Professional societies could alter guidelines with environmental sustainability in mind, where patient outcomes are not expected to be impacted by the adoption of more sustainable care. Requiring environmental report cards for individual drugs at the time of approval could also increase awareness.

"I think there's value in holding a mirror up to the conventional system and encouraging self-reflection," Strohbehn said.
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New deep learning model is 'game changer' for measuring embryo development | ScienceDaily
Research led by the University of Plymouth has shown that a new deep learning AI model can identify what happens and when during embryonic development, from video.


						
Published today (Wednesday 29 May) in the Journal of Experimental Biology, the study highlights how the model, known as Dev-ResNet, can identify the occurrence of key functional developmental events in pond snails, including heart function, crawling, hatching and even death.

A key innovation in this study is the use of a 3D model that uses changes occurring between frames of the video, and enables the AI to learn from these features, as opposed to the more traditional use of still images.

The use of video means features ranging from the first heartbeat, or crawling behaviour, through to shell formation or hatching are reliably detected by Dev-ResNet, and has revealed sensitivities of different features to temperature not previously known.

While used in pond snail embryos for this study, the authors say the model has broad applicability across all species, and they provide comprehensive scripts and documentation for applying Dev-ResNet in different biological systems.

In future, the technique could be used to help accelerate understanding on how climate change, and other external factors, affect humans and animals.

The work was led by PhD candidate, Ziad Ibbini, who studied BSc Conservation Biology at the University, before taking a year out to upskill himself in software development, then beginning his PhD. He designed, trained and tested Dev-ResNet himself.




He said: "Delineating developmental events -- or working out what happens when in an animal's early development -- is so challenging, but incredibly important as it helps us to understand changes in event timing between species and environments.

"Dev-ResNet is a small and efficient 3D convolutional neural network capable of detecting developmental events using videos, and can be trained relatively easily on consumer hardware.

"The only real limitations are in creating the data to train the deep learning model -- we know it works, you just need to give it the right training data.

"We want to equip the wider scientific community with the tools that will enable them to better understand how a species' development is affected by different factors, and thus identifying how we can protect them. We think that Dev-ResNet is a significant step in that direction."

Dr Oli Tills, the paper's senior author and a UKRI Future Leaders Research Fellow, added: "This research is important on a technological level, but it is also significant for advancing how we perceive organismal development -- something that the University of Plymouth, within the Ecophysiology and Development research Group, has more than 20 years' history of researching.

"This milestone would not have been possible without deep learning, and it is exciting to think of where this new capability will lead us in the study of animals during their most dynamic period of life."
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Smarter foragers do not forage smarter | ScienceDaily
Primates, including humans, have larger brains than most other mammals, but why? Scientists searching for the answer have long followed a trail pointing to diet -- specifically fruit -- as the reason for why primates evolved larger brains. A team from the Max Planck Institute of Animal Behavior and the Smithsonian Institute of Tropical Research tested this idea for the first time -- finding that the fruit-diet theory might be out of juice. The researchers used drone imaging, GPS tracking, and fine-scale behavioral analyses to test how four species of fruit-eating mammals solved the same natural foraging puzzle in a Panamanian rainforest.


						
They found that the larger brained primate species did not solve the fruit-finding puzzle more efficiently than smaller brained mammals. The study, published today in Proceedings of the Royal Society B, upends the traditional view that a large brain is needed to make smart decisions when finding food.

According to the leading theory for how primates evolved larger brains, fruit and intelligence worked hand in hand to power brain growth. Larger brained animals could use their intelligence to find fruit more efficiently, which in turn provided more energy to fuel a larger brain.

Fruit, after all, is a valuable but variable resource. It places cognitive demands on animals who must find fruiting trees and remember when they ripen. Studies have lent support for the dietary theory of brain evolution by showing correlations between brain size and the amount of fruit in the diet.

But researchers from MPI-AB and STRI thought that the theory was ripe for questioning. "The fruit-diet hypothesis had never been supported experimentally," says first author Ben Hirsch, a STRI research associate.

Testing fruit-eaters in Panama

The barrier has been methodological. To test the fruit-diet hypothesis, scientists must measure how efficiently an animal finds fruit. Says Hirsch: "Primates and many other mammals travel long distances every day in search for food, making it almost impossible to replicate their real-world navigation challenges in a lab." The team circumvented this problem by exploiting a natural phenomenon that occurs in the rainforest on Barro Colorado Island in Panama. For three months every year, fruit-eating mammals are forced to feed on one tree species, Dipteryx oleifera.




"With animals feeding almost exclusively on Dipteryx fruit, they are simultaneously solving the same foraging puzzle," says senior author Meg Crofoot, a director at MPI-AB and Humboldt Professor at the University of Konstanz. "This gives us a powerful tool for comparing their foraging efficiency."

The team mapped the location of all Dipteryx trees on Barro Colorado Island by flying drones over the canopy in summer, when the tall trees were crowned with conspicuous purple blossoms. The fruit tree map revealed the full extent of the fruit puzzle faced by animals, but the scientists still needed to test how efficiently mammals with different brain sizes visited these trees. They tracked several individuals of two large-brained primates (spider monkeys and white-faced capuchins) and two smaller-brained raccoon relatives (white-nosed coatis and kinkajous). GPS sensors revealed the paths that animals took to Dipteryx trees, while accelerometers confirmed that an animal was active, and potentially feeding, during a tree visit.

The scientists then calculated route efficiency as the daily amount of time spent active in Dipteryx trees divided by the distance travelled. According to the fruit-diet hypothesis, the big-brained capuchins and spider monkeys should exhibit greater route efficiency than the coatis and kinkajous.

"We didn't find any evidence that animals with larger brains made smarter foraging decisions," says Crofoot. "If larger brains do make animals smarter, then this intelligence is not being used to route themselves more efficiently to fruit trees in this tropical rainforest."

So why did brain size increase in some species? The authors say that by refuting the fruit-diet hypothesis, their study can shift the focus to ideas beyond foraging efficiency. "Larger brains might promote better episodic memory, allowing those species to better time tree visits to maximize the amount of ripe fruit encountered," says Hirsch. The authors also suggest that larger brains might be linked to tool use, culture, or the complexity of living in a social group.

"Our study can't determine the exact drivers of brain evolution," says Crofoot, "but we have been able to use minimally-invasive techniques to empirically test a big hypothesis about evolution, cognition, and behavior of wild animals."
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A unified account of Darwinism's varieties | ScienceDaily

Charles Darwin published On the Origin of Species in 1859 as a work in biology. However, in the past century and a half, Darwin's ideas have impacted a broad range of domains and stimulated scientists and scholars to advance "evolutionary approaches" in domains as diverse as economics, engineering, psychology, and history. The ideas have been used (and abused) to undermine religiously inspired ideas about the origin of humans and their status concerning other species, to support state-sponsored eugenicist policies, or to support laissez-faire economic policies.

In "The Varieties of Darwinism: Explanation, Logic, and Worldview," authors Hugh Desmond, Andre Ariew, Philippe Huneman, and Thomas Reydon observe that while some people claim Darwinism's meaning should be limited to scientific content, others call for its abolition altogether. The authors propose a unified account of these varieties of Darwinism. "We show how the theories introduced by Darwin have grounded a 'logic' or style of reasoning about phenomena, as well as various ethically and politically charged 'worldviews.'" They posit that the full meaning of Darwinism and how this meaning has changed over time can only be understood through the interaction between these dimensions.

The authors point out that while it is not novel to ask the question "What is Darwinism?" novel sources of confusion warrant revisiting the question. They provide a framework to make sense of how the different significant uses of the term interrelate and what, if any, such ethical and political uses of the term Darwinism have to do with the underlying scientific dimension of Darwinism.

The authors argue against the view that "they have nothing to do with each other." They advance a "thick" conception of Darwinism, where the scientific, ethical, and political dimensions are understood to be intertwined and constitute Darwinism's full meaning. In their account of the thick conception of Darwinism, the authors rely on Darwinism as an explanatory scheme, Darwinism as logic or methodology, and Darwinism as a worldview or ideology.

The authors conclude that restricting Darwinism to a purely scientific context is not ideal, noting that theoretical elements play a methodological role in structuring scientific inquiry into natural phenomena. They conceded that while the thick conception complicates the analysis of Darwinism it is necessary to do justice to the richness of Darwinism and its influence in the past century and a half.

The premier review journal in biology, The Quarterly Review of Biology has presented insightful historical, philosophical, and technical treatments of important biological topics since 1926. The QRB publishes outstanding review articles of generous length that are guided by an expansive, inclusive, and often humanistic understanding of biology.
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When should you neuter or spay your dog? | ScienceDaily
Researchers at the University of California, Davis, have updated their guidelines on when to neuter 40 popular dog varieties by breed and sex. Their recent paper in Frontiers in Veterinary Science adds five breeds to a line of research that began in 2013 with a study that suggested that early neutering of golden retrievers puts them at increased risk of joint diseases and certain cancers.


						
That initial study set off a flurry of debate about the best age to neuter other popular breeds. Professors Lynette and Benjamin Hart of the School of Veterinary Medicine, the study's lead authors, set out to add more breed studies by examining more than a decade of data from thousands of dogs treated at the UC Davis veterinary hospital. Their goal was to provide owners with more information to make the best decision for their animals.

They specifically looked at the correlation between neutering or spaying a dog before 1 year of age and a dog's risk of developing certain cancers. These include cancers of the lymph nodes, bones, blood vessels or mast cell tumors for some breeds; and joint disorders such as hip or elbow dysplasia, or cranial cruciate ligament tears. Joint disorders and cancers are of particular interest because neutering removes male and female sex hormones that play key roles in important body processes such as closure of bone growth plates.

For the most recent study, they focused on German short/wirehaired pointer, mastiff, Newfoundland, Rhodesian ridgeback and Siberian husky. Data was collected from the UC Davis veterinary hospital's records that included more than 200 cases for each of these five breeds weighing more than 20 kg (or 44 pounds), spanning January 2000 through December 2020.

The Harts said their updated guidelines emphasize the importance of personalized decisions regarding the neutering of dogs, considering the dog's breed, sex and context. A table representing guidelines reflecting the research findings for all 40 breeds that have been studied, including the five new breeds, can be found here.

Health risks different among breeds

"It's always complicated to consider an alternate paradigm," said Professor Lynette Hart. "This is a shift from a long-standing model of early spay/neuter practices in the U.S. and much of Europe to neuter by 6 months of age, but important to consider as we see the connections between gonadal hormone withdrawal from early spay/neuter and potential health concerns."

The study found major differences among these breeds for developing joint disorders and cancers when neutered early. Male and female pointer breeds had elevated joint disorders and increased cancers; male mastiff breeds had increased cranial cruciate ligament tears and lymphoma; female Newfoundland breeds had heightened risks for joint disorders; female Ridgeback breeds had heightened risks for mast cell tumors with very early neutering; and Siberian huskies showed no significant effects on joint disorders or cancers.




"We're invested in making contributions to people's relationship with their animals," said Benjamin Hart, distinguished professor emeritus. "This guidance provides information and options for veterinarians to give pet owners, who should have the final decision-making role for the health and well-being of their animal."

Their combined research studies will soon be available with others in the open access journal, Frontiers of Veterinary Science, as a free e-book, Effective Options Regarding Spay or Neuter of Dogs.

Other researchers on this UC Davis study include: Abigail Thigpen, Maya Lee, Miya Babchuk, Jenna Lee, Megan Ho, Sara Clarkson and Juliann Chou with the School of Veterinary Medicine; and Neil Willits with the Department of Statistics.

The research received a small amount of funding from the Center for Companion Animal Health, but was primarily conducted by the above authors as volunteers.
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Mechanisms for selective multiple sclerosis treatment strategy | ScienceDaily
The Wistar Institute's Paul M. Lieberman, Ph.D., and lab team led by senior staff scientist and first author, Samantha Soldan, Ph.D., have demonstrated how B cells infected with the Epstein-Barr virus (EBV) can contribute to a pathogenic, inflammatory phenotype that contributes to multiple sclerosis (MS); the group has also shown how these problematic B cells can be selectively targeted in a way that reduces the damaging autoimmune response of multiple sclerosis. The lab's findings were published in Nature Microbiology in the paper, "Multiple sclerosis patient derived spontaneous B cells have distinct EBV and host gene expression profiles in active disease."


						
EBV -- a usually inactive, or latent, herpesvirus -- affects most of the human population; more than 90% of people carry the virus as a passive, typically symptomless infection. However, EBV infection has been linked to several diseases, including MS: an incurable, chronic autoimmune disease that causes the body's immune system to attack the myelin sheath of neurons in the brain and nervous system. Because myelin sheathing facilitates fast nervous system signaling (the fatty insulation of myelin along a neuron's axon allows electrical impulses to travel through neuronal networks faster), its degradation can cause a wide variety of symptoms in both type and severity that may include motor control disruption, sensory issues, and speech difficulties.

Though researchers know that EBV can contribute to the development of MS, the exact mechanisms by which it does so aren't completely understood. The Lieberman lab, in seeking to understand how EBV contributes to the development of MS, collaborated with Steven Jacobson, Ph.D., of the Neuroimmunology Branch at the National Institute of Neurological Disorders and Stroke, who contributed cell line samples from patients. The research team analyzed spontaneous lymphoblastoid cell line (SLCL) cell samples from a healthy control group; a group of patients with active MS (as opposed to so-called stable MS; the disease is characterized by unpredictable periods of flare-ups and eased symptoms); and a group of patients with stable MS.

B cells are crucial cells of the immune system that help regulate the body's immune responses; they have also been implicated in autoimmune conditions due to their role as mediators of which biological signals warrant immune response. And B cells, when infected with EBV, become immortalized -- that is, the cells are no longer constrained by senescence, so they can continue to divide an indefinite number of times -- as "lymphoblastoid cell lines," or LCLs. This immortalized B cell state can occur spontaneously within the body as a result of EBV infection, which is how the Lieberman lab was able to extract immortalized SLCL samples for study from the different patient groups.

Having obtained the matched samples, Dr. Lieberman and his team conducted genetic analyses of the SLCLs and confirmed that the MS-positive sample groups showed greater expression of genes associated with lytic EBV ("lytic" describes when latent viruses like EBV become active); they also saw increased inflammatory signaling and expression of the FOXP1 protein, the latter of which was shown to promote lytic EBV gene expression. As a whole, the group's findings suggested a mechanism of lytic EBV in MS that promoted inflammation and disease.

Diving further, Lieberman's group tested several antiviral compounds on all SLCL groups and found that one, TAF, reduced lytic EBV gene expression without killing the cells. TAF also significantly reduced the expression of inflammatory cytokines like IL-6 in the SLCLs from the patients with active MS. Finally, when cultured SLCLs from active MS, stable MS, and controls were administered TAF in the presence of antiviral T cells, the T cell response (a major factor in the autoimmune dysfunction of MS) was reduced in SLCLs from patients with MS but not reduced in the control SLCLs -- an indication that TAF treatment has potential as a selectively cytotoxic anti-lytic treatment for MS.

"Our work with these SLCLs shows that the problematic inflammation signaling from lytic EBV can be selectively targeted in a way that demonstrably reduces damaging immune responses," said Dr. Lieberman. "We're excited about expanding this concept further; we have the potential to see whether TAF or other inhibitors of EBV might be a viable treatment for multiple sclerosis that can stop the autoimmune damage without causing wide-ranging and dangerous cell death."
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'Cloaked' proteins deliver cancer-killing therapeutics into cells | ScienceDaily
Cornell University scientists have designed a way to "cloak" proteins in a generalized technique that could lead to repurposing things like antibodies for biological research and therapeutic applications.


						
The "cloaked" proteins can be captured by lipid nanoparticles, which are akin to tiny bubbles of fat. These bubbles are small enough to sneak their hidden cargo into living cells, where the proteins uncloak and exert their therapeutic effect.

The group's paper published in ACS Central Science. The lead author is doctoral student Azmain Alamgir, who works in the labs of the paper's co-senior authors, Chris Alabi, associate professor of chemical and biomolecular engineering, and Matt DeLisa, professor of engineering.

For some drugs to impact a cell's biology, and ultimately treat disease, they need to get inside the cell and reach a specific space. Protein-based therapeutics have many virtues -- they can have more specific effects, with lower toxicity and diminished immune response -- but ease of delivery is not one of them. Proteins are large and cumbersome and don't freely diffuse into cells as easily as small molecules do.

"We had been looking for a clever way to efficiently get our engineered proteins inside of cells, especially in a translational context that would not only work in lab-cultured cells, but that would also be effective and safe in animal models and eventually in humans," DeLisa said.

The researchers had the broad idea of using a bioconjugation approach that would allow the proteins to be loaded into lipid nanoparticles, which form around nucleic acids. A major advantage of this approach was that lipid nanoparticles were a key component in the successful COVID-19 vaccines developed by Pfizer-BioNTech and Moderna.

Those vaccines worked by delivering a payload in the form of messenger RNA, which are nucleic acids. The researchers now would use the same lipid nanoparticle delivery concept -- the same materials even -- but with a protein payload. The trick would be to make proteins look more like nucleic acids.

The researchers found they could accomplish this by "cloaking" the proteins with a negatively charged ion, so they would join with the positively charged lipids electrostatically.

"The crux of our strategy is conceptually very simple," Alamgir said. "We're taking proteins and specifically remodeling their surfaces with negative charges, so they look like nucleic acids and can similarly assemble into nanoparticles when formulated with the characteristic lipids."

The team successfully demonstrated the cloaking method with lysine-reactive sulfonated compounds, killing cancer cells with ribonuclease A and inhibiting tumor signaling with monoclonal immunoglobulin G (IgG) antibodies.
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Performance of eco-friendly cooling applications enhanced | ScienceDaily
Researchers at the School of Engineering of the Hong Kong University of Science and Technology (HKUST) have developed a sustainable and controllable strategy to manipulate interfacial heat transfer, paving the way for improving the performance of eco-friendly cooling in various applications such as electronics, buildings and solar panels.


						
As demand for effective cooling solutions continues to grow due to the rising global temperature, scientists worldwide have been actively exploring energy-saving cooling technologies that are more effective. Compared to active cooling, which entirely depends on energy consumption to operate, passive cooling relies on natural processes and design principles to reduce heat and maintain a comfortable temperature with low or no energy consumption. This approach has therefore generated wide interest among researchers due to its eco-friendly nature and zero-electricity characteristic.

One emerging field of study is passive cooling using metal-organic frameworks (MOFs), which are porous materials that can capture water vapor from the air and be used to increase energy efficiency in room temperature space cooling applications. However, MOFs typically exhibit low thermal conductivity, making them poor thermal conductors. Moreover, the presence of adsorbed water molecules in MOFs further reduces their effective thermal conductivity. This limitation leaves little room for manipulating the intrinsic thermal transport properties of MOFs to enhance their cooling performance.

To address the issue, researchers worldwide have turned their attention to the interfacial heat dissipation between MOFs and the materials they come into contact with. Various approaches, including the use of adhesion layers, nanostructures, chemical modification, and self-assembled monolayers, have been employed to enhance the interfacial thermal conductance (ITC). However, synthesizing or fabricating buffer layers with precise atomic control is a challenging task, limiting the potential applications of these methods.

In their pioneering work, the research team led by Prof. ZHOU Yanguang from the Department of Mechanical and Aerospace Engineering at HKUST introduced a sustainable and controllable strategy to manipulate interfacial heat transfer between the contacted substrate and typical MOFs by utilizing a water adsorption process. Through comprehensive frequency-domain thermoreflectance (FDTR) measurements and molecular dynamics (MD) simulations, they have demonstrated a remarkable improvement in ITC between the contacted substrate and MOFs. The ITC was increased from 5.3 MW/m2K to 37.5 MW/m2K, representing an enhancement of approximately 7.1 times. Effective enhancements are also observed in other Au/MOF systems.

The research team attributes this improvement to the formation of dense water channels facilitated by the adsorbed water molecules within MOFs. These channels serve as additional thermal pathways, significantly enhancing thermal energy transfer across the interfaces. Further analysis using the frequency domain direct decomposition method developed by the team found that the adsorbed water not only activates the high-frequency vibrations, but also increases the overlap of vibrational density of states between the substrate and MOF which enhances the thermal energy dissipation from the substrate to MOF, highlighting the bridge effect of the adsorbed water molecules.

"This innovative study not only provides new insights into thermal transport across MOFs and other materials, but also holds great promise for enhancing the performance of cooling applications involving MOFs. By leveraging the water adsorption process, our team has achieved a breakthrough in manipulating interfacial heat transfer, paving the way for more efficient cooling technologies," said Prof. Zhou.
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Why do Dyeing poison frogs tap dance? | ScienceDaily
The toe tapping behavior of various amphibians has long attracted attention from researchers and pet owners. Despite being widely documented, the underlying functional role is poorly understood. In a new paper, researchers demonstrate that Dyeing poison frogs modulate their taps based on specific stimuli.


						
Dyeing poison frogs, Dendrobates tinctorius, have been shown to tap their posterior toes in response to a range of prey sizes, from small fruit flies to large crickets. In the present study, the researchers hypothesized that if the tapping has a role in feeding, the frogs would adjust their behavior in response to different environmental cues.

To test their hypothesis, the researchers recorded the frogs under varying conditions. "I used the slow-motion camera on my iPhone to take minute-long videos of the frogs tapping. Afterwards, I went back to each video and counted the number of taps on each foot and how long they were visible since they were often hidden behind a leaf or the frog itself. I used those two numbers to get a "taps per minute" on each foot and added them up," said Thomas Parrish, a former undergraduate student in the Fischer lab (GNDP), and the first author on the paper.

The researchers first tested whether the frogs tapped their toes more when they were feeding. To do so, the researchers fed the terrariums with half a teaspoon of fruit flies and recorded their hunting.

"We already knew the answer to this, but it was great to see that the tapping increased in the presence of the prey," said Eva Fischer, an assistant professor of integrative biology. "We wanted to ask 'Why?' and we wondered whether it had a function in prey capture or it was just a excitatory response like how dogs wag their tails because they are excited."

The researchers then used different surfaces to see whether the tapping behavior changed when the frogs could see the prey but not feed on it. They placed the fruit flies in small, clear Petri dishes in the frogs' home and measured the rate of toe tapping. They found that the frogs had an average of 50 taps/minute when they couldn't access the flies compared to 166 taps/minute when they fed on free-moving flies.

"The idea was that if they're excited, we might see something different based on whether they can catch the flies," Fisher said. "These results suggested that since they kept trying to eat in both cases, the tapping was not just out of excitement."

The researchers wondered, then, whether the toe taps were a form of vibrational signaling where the frogs used it as a way to startle or distract the prey before they fed. They used four different surfaces to test this question: soil, leaf surfaces, gel, and glass.




"Soil and leaves are natural substances, but soil is not very responsive while leaves are. On the other hand, gels are responsive and glass is not, but they are both unnatural surfaces to frogs," Fischer said.

They found that while the tap rate differed depending on the surface, with leaves being the highest at 255 taps/minute and glass the lowest at 64 taps/minute, there was no difference in the total number of feeding attempts or success.

"Although we saw that the frogs ate in every context, it was exciting to see that they changed their behavior based on what they're standing on," Fischer said. "We were surprised, however, that we didn't see a difference in how successful they were at eating. It's possible that the experiment is like sending them to a buffet instead of what happens in the forest where the tapping may help in stirring the prey."

The researchers are now hoping to understand what other stimuli might trigger this behavior. "Although we've conclusively shown that it is important in feeding, it could also be important in other contexts. For example, we have seen that the frogs tap more when there are other frogs nearby, so there may be a social aspect to it," Fischer said.

They are also interested in studying the underlying biomechanical aspects of the muscles. "It would be cool to look at the anatomy and see how the muscles work," Fischer said. "Ultimately, we could ask whether all frogs can tap their toes if they have the right muscles or whether there's something special about the anatomy of poison frogs."
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Wind farms are cheaper than you think -- and could have prevented Fukushima, says global review | ScienceDaily
Offshore wind could have prevented the Fukushima disaster, according to a review of wind energy led by the University of Surrey.


						
The researchers found that offshore turbines could have averted the 2011 nuclear disaster in Japan by keeping the cooling systems running and avoiding meltdown. The team also found that wind farms are not as vulnerable to earthquakes.

Suby Bhattacharya, Professor of Geomechanics at the University of Surrey's Department of Civil and Environmental Engineering, said:

"Wind power gives us plentiful clean energy -- now we know that it could also make other facilities safer and more reliable. The global review finds that greener really is cheaper -- thanks to falling construction costs and new ways to reduce wind turbines' ecological impact."

One of the report's starkest findings was that new wind farms can produce energy over twice as cheaply as new nuclear power stations.

The lifetime cost of generating wind power in the UK has fallen dramatically, from PS160/MWh to PS44/MWh. This includes all the costs of planning, building, operating and decommissioning the wind farm over its entire life.

By comparison, the UK Government agreed to pay PS92.50/MWh for energy produced at Hinkley Point C nuclear power station.

Professor Bhattacharya said:

"What makes wind so attractive is that the fuel is free -- and the cost of building turbines is falling. There is enough of it blowing around the world to power the planet 18 times over. Our report shows the industry is ironing out practical challenges and making this green power sustainable, too."

Although less power is generated in calmer conditions, the electricity generated could be stored in batteries -- as planned for the Ishikari project off the coast of Hokkaido, Japan. Or it could be used to produce hydrogen from seawater -- giving us the fuel of the future.
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Improved refrigeration could save nearly half of the 1.3 billion tons of food wasted each year globally | ScienceDaily
About a third of the food produced globally each year goes to waste, while approximately 800 million people suffer from hunger, according to the U.N.'s Food and Agriculture Organization.


						
A new University of Michigan study concludes that nearly half of the food waste, about 620 million metric tons, could be eliminated by fully refrigerated food supply chains worldwide.

At the same time, fully refrigerated supply chains, or "cold chains," could cut food waste-related emissions of climate-warming greenhouse gases by 41% globally, according to the study published online May 28 in the peer-reviewed journal Environmental Research Letters.

Sub-Saharan Africa and South and Southeast Asia have the greatest potential for reductions in both food losses and related emissions through increased cold-chain implementation, according to the study.

South and Southeast Asia could see a 45% reduction in food losses and a 54% decrease in associated emissions under an optimized refrigeration scenario. Sub-Saharan Africa has tremendous opportunities for both food loss (47%) and emissions (66%) reductions under optimized refrigeration conditions, the study shows.

And in many situations, developing more localized, less industrialized "farm-to-table" food supply chains may yield food savings comparable to optimized cold chains, according to the study.

"I was surprised to find the scale of our opportunity for reducing food loss and waste globally," said study lead author Aaron Friedman-Heiman, a master's student at U-M's School for Environment and Sustainability and Ross School of Business. "Approximately half of the roughly 1.3 billion tons of food that goes to waste annually can be solved through food supply-chain optimization."

The other author is Shelie Miller, a professor at U-M's School for Environment and Sustainability and at the College of Engineering.




Food losses produce an estimated 8% of human-caused greenhouse gas emissions. The new U-M study focuses on food losses in the post-harvest to retail stages of the food supply chain and does not address on-farm or at-home losses.

The study accounts for the greenhouse gases emitted during food production. It does not include emissions tied to refrigeration or other supply-chain operations and does not include emissions from food waste in landfills.

The study, funded in part by Carrier Global Corp., found that:
    	The greatest opportunity to improve food losses in less industrialized economies is the supply chain between the farm and the consumer. But in North America, Europe and other more industrialized regions, most food loss happens at the household level, so cold chain improvements would not have a major impact on total food losses.
    	Reinforcing previous research, the U-M study highlights the importance of meat-related food losses. While the amount of fruit and vegetable losses is much higher, by weight, throughout the world, the climate-related emissions associated with meat losses are consistently greater than those associated with any other food type -- due mainly to the high greenhouse gas intensity of meat production.
    	Unlike previous studies of this topic, the U-M researchers compared the benefits of globalized, technologically advanced food-supply chains with those of localized "farm-to-table" food systems. "Hyper-localized food systems resulted in lower food losses than optimized global, refrigerated supply chains," Friedman-Heiman said. "The results help quantify the value of maintaining and supporting local food chains."

For the study, the researchers built a food-loss estimation tool to assess how improved access to the cold chain could impact food loss and its associated greenhouse gas emissions for seven food types in seven regions. They used data from the U.N. Food and Agriculture Organization and other sources.

By modeling food losses at each stage of the supply chain, the study highlights where the cold chain can be optimized to reduce food losses and emissions. The researchers analyzed the effects of moving from the current state of inconsistent and variable-quality cold chains throughout the world to an optimized system, defined as one with high-quality refrigeration across all stages.

The study estimates that poor cold-chain infrastructure could be responsible for up to 620 million metric tons of global food loss annually, resulting in emissions of 1.8 billion tons of carbon dioxide equivalents, the equivalent of 28% of U.S. annual greenhouse gas emissions.




The researchers say their adaptable, easy-to-use tool will be of use to anyone involved in the food supply chain, including farmers, grocery retailers, government officials and nongovernmental organizations.

"Although cold chain infrastructure is rapidly increasing worldwide, an optimized cold chain will likely develop at different rates and in different ways across the globe," Miller said. "This analysis demonstrates that while increased refrigeration should lead to improvements in both food loss and greenhouse gas emissions associated with food loss, there are important tradeoffs associated with cold chain improvements by food type and region."

She said Investment decisions will need to be prioritized to maximize the desired outcomes and impacts. For example, if an NGO's top priority is ending hunger, then cold-chain upgrades that provide the greatest overall food-loss reductions may best meet that objective.

But organizations that prioritize climate action may choose to focus on reducing meat losses specifically, rather than total food losses.

The study found that meat accounts for more than 50% of food loss-related greenhouse gas emissions, despite accounting for less than 10% of global food losses by weight. Optimized refrigeration of meat could result in the elimination of more than 43% of emissions associated with meat loss, according to the study.

The researchers emphasize that the actual amount of greenhouse gas emissions savings will depend on the efficiency of cold-chain technologies and the carbon intensity of local electrical grids, since climate emissions associated with refrigeration can be significant.

The U-M study was supported by the U.S. National Science Foundation and by Carrier Global Corp., a global leader in intelligent climate and energy solutions.
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Prenatal exposure to air pollution associated with increased mental health risks | ScienceDaily
A baby's exposure to air pollution while in the womb is associated with the development of certain mental health problems once the infant reaches adolescence, new research has found. The University of Bristol-led study, published in JAMA Network Open today [28 May], examined the long-term mental health impact of early-life exposure to air and noise pollution.


						
Growing evidence suggests air pollution, which comprises toxic gases and particulate matter, might contribute to the onset of mental health problems. It is thought that pollution could negatively affect mental health via numerous pathways, including by compromising the blood-brain barrier, promoting neuroinflammation and oxidative stress, and directly entering the brain and damaging tissue.

Despite youth being a key period for the onset of these problems, until now, relatively few studies have investigated the associations of air and noise exposure during early life with mental health.

In this new study, researchers sought to examine the long-term impact of air and noise pollution exposure during pregnancy, early childhood and adolescence on three common mental health problems: psychotic experiences (including hallucinations, such as hearing or seeing things that others cannot, and delusions, such as having very paranoid thoughts), depression and anxiety.

To investigate this, the team used data from over 9,000 participants from Bristol's Children of the 90s birth cohort study (also known as the Avon Longitudinal Study of Parents and Children), which recruited over 14,000 pregnant women from the Bristol area between 1991 and 1992, and has followed the lives of the women, the children and their partners ever since.

By linking participants' early childhood data with their mental health reports at the ages of 13, 18 and 24 years, researchers were able to use this to map against outdoor air and noise pollution in South West England at different time points.

Researchers found that relatively small increases in fine particulate matter during pregnancy and childhood were associated with more psychotic experiences and depression symptoms many years later in teenage years and early-adulthood. These associations persisted after considering many related risk factors, such as family psychiatric history, socioeconomic status, and other area-level factors such as population density, deprivation, greenspace and social fragmentation.




The team found that every 0.72 micrograms per cubic meter increase in fine particulate matter (PM2.5) during pregnancy and childhood was associated with an 11 per cent increased odds and 9 per cent increased odds for psychotic experiences, respectively; while exposure in pregnancy was associated with a 10 per cent increased odds for depression. In contrast, higher noise pollution exposure in childhood and teenage years was subsequently associated with more anxiety symptoms.

Dr Joanne Newbury, Sir Henry Wellcome Postdoctoral Research Fellow in the University's Bristol Medical School: Population Health Sciences (PHS) and the study's lead author, said: "Childhood, adolescence, and early adulthood are critical periods for the development of psychiatric disorders: worldwide, nearly two-thirds of those affected become unwell by the age of 25. Our findings add to a growing body of evidence -- from different populations, locations, and using different study designs -- suggesting a detrimental impact of air pollution (and potentially noise pollution) on mental health.

"This is a major concern, because air pollution is now such a common exposure, and rates of mental health problems are increasing globally. Given that pollution is also a preventable exposure, interventions to reduce exposure, such as low emissions zones, could potentially improve mental health. Targeted interventions for vulnerable groups including pregnant women and children could also provide an opportunity for more rapid reductions in exposure.

"It is important to emphasise that these findings, by themselves, do not prove a causal association. However, other recent studies have shown that low emissions zones appear to have a positive impact on mental health."

The research, which involved researchers from King's College London, University College London and Cardiff University, was funded by the University of Bristol, Wellcome, Economic and Social Research Council (ESRC), Medical Research Council (MRC), National Institute for Health and Care Research (NIHR), and the Natural Environment Research Council (NERC).
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Study suggests 'biodegradable' teabags don't readily deteriorate in the environment and can adversely affect terrestrial species | ScienceDaily
Some teabags manufactured using plastic alternatives do not degrade in soil and have the potential to harm terrestrial species, a new study has shown.


						
The research looked at commonly available teabags made using three different compositions of polylactic acid (PLA), which is derived from sources such as corn starch or sugar cane.

The teabags were buried in soil for seven months, and a range of techniques were then used to assess whether -- and to what extent -- they had deteriorated.

The results showed that teabags made solely from PLA remained completely intact. However, the two types of teabags made from a combination of cellulose and PLA broke down into smaller pieces, losing between 60% and 80% of their overall mass and with the PLA component remaining.

The study also examined the impacts of the discs cut from the teabags on a species of earthworm, Eisenia fetida, which has a critical role in soil nutrient turnover as it consumes organic matter.

Researchers found that being exposed to three different concentrations of teabag discs -- equivalent to the mass of half, one and two teabags -- resulted in up to 15% greater mortality, while some concentrations of PLA had a detrimental effect on earthworm reproduction.

Writing in the journal Science of the Total Environment, the study's authors highlight the need for accurate disposal information to be clearly displayed on product packaging.




Only one of the manufacturers whose products were chosen for the study indicated on the packaging that the teabags were not home compostable.

This could lead to them ending up in soil, while there is also high potential for consumer confusion about the meaning of terms such as plant-based or biodegradable, emphasising the need for clear guidance on appropriate disposal.

Dr Winnie Courtene-Jones, Post-Doctoral Research Fellow at the University of Plymouth, is the study's lead author. She said: "In response to the plastic waste crisis, biodegradable plastics such as PLA are being used in an increasing range of products. This study highlights the need for more evidence on the degradation and possible effects of such materials before their use becomes even more widespread, and to prevent the generation of alternative problems if they are not properly disposed of."

The study was designed to replicate the environmental conditions into which teabags might be discarded on account of a lack of clear labelling as to how they should be disposed.

It used analytical techniques such as size exclusion chromatography, nuclear magnetic resonance, and scanning electron microscopy allowing scientists to examine not just how the teabags had changed visibly but also structurally.

Study co-author Professor Antoine Buchard, formerly of the University of Bath and now Professor of Sustainable Polymer Chemistry at the University of York, added: "PLA is a bioderived plastic with a reduced carbon footprint compared to traditional plastics, which also degrades under industrial composting conditions. Using a number of chemical analysis techniques, we've shown that when it is not properly disposed of, for example after seven months in the soil, its molecular structure remains intact. Labels such as biodegradable and compostable have the potential to mislead the public, therefore it is important that scientists, policy makers and manufacturers work together to ensure clear standards are followed and that the public has easy access to information on where to dispose of those new plastics."

The research was carried out as part of BIO-PLASTIC-RISK, a four-year PS2.6million project led by the University of Plymouth and funded by the Natural Environment Research Council (part of UK Research and Innovation). It is assessing how biodegradable packaging and products break down and, in turn, whether the plastics or their breakdown products affect species both on land and in the marine environment.




It also builds on previous research suggesting that some products labelled as biodegradable, including carrier bags, do not disintegrate after as much as three years in the environment.

The study has been published in the wake of the fourth session of the Intergovernmental Negotiating Committee (INC-4), where world leaders and scientists were among those to continue discussions towards the Global Plastics Treaty.

Study co-author Professor Richard Thompson OBE FRS, Head of the University of Plymouth's International Marine Litter Research Unit and lead of the BIO-PLASTIC-RISK project, is a co-coordinator the Scientists' Coalition for an Effective Plastics Treaty. He said: "After 30 years of research on plastic pollution I am delighted there is now a global consensus, as evidenced by the UN Plastics Treaty, that current production use and disposal of plastic is unsustainable. But it is with immense frustration that I see alternative and substitute materials entering the market without clear guidance on how their benefits might be realised. Even if consumers understand how to dispose of these products only around half of households in the UK currently have access to the necessary waste streams for the type of composting required. It is essential we learn from the mistakes we made with plastic materials by testing and labelling these novel materials in relation to the prevailing waste management infrastructure."

Dr Mick Hanley, Associate Professor in Plant-Animal Interactions at the University of Plymouth and senior author on the study, added: "In this study PLA-based teabags did not fully deteriorate, and it seems that composting worms may be harmed by them. The lack of clear labelling can lead to consumers disposing of teabags in their compost, where any limit to complete degradation of the material raises the potential for plastics to enter the soil when compost is added to the garden, with potential impacts on garden wildlife and uptake by food plants."
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Tracking animals without markers in the wild | ScienceDaily
Researchers from the Cluster of Excellence Collective Behaviour developed a computer vision framework for posture estimation and identity tracking which they can use in indoor environments as well as in the wild. They have thus taken an important step towards markerless tracking of animals in the wild using computer vision and machine learning.


						
Two pigeons are pecking grains in a park in Konstanz. A third pigeon flies in. There are four cameras in the immediate vicinity. Doctoral students Alex Chan and Urs Waldmann from the Cluster of Excellence Collective Behaviour at the University of Konstanz are filming the scene. After an hour, they return with the footage to their office to analyze it with a computer vision framework for posture estimation and identity tracking. The framework detects and draws a box around all pigeons. It records central body parts and determines their posture, their position, and their interaction with the other pigeons around them. All of this happened without any markers being attached to pigeons or any need for human being called in to help. This would not have been possible just a few years ago.

3D-MuPPET, a framework to estimate and track 3D poses of up to 10 pigeons

Markerless methods for animal posture tracking have been rapidly developed recently, but frameworks and benchmarks for tracking large animal groups in 3D are still lacking. To overcome this gap, researchers from the Cluster of Excellence Collective Behaviour at the University of Konstanz and the Max Planck Institute of Animal Behavior present 3D-MuPPET, a framework to estimate and track 3D poses of up to 10 pigeons at interactive speed using multiple camera views. The related publication was recently published in the International Journal of Computer Vision (IJCV).

Important milestone in animal posture tracking and automatic behavioural analysis

Urs Waldmann and Alex Chan recently finalized a new method, called 3D-MuPPET, which stands for 3D Multi-Pigeon Pose Estimation and Tracking. 3D-MuPPET is a computer vision framework for posture estimation and identity tracking for up to 10 individual pigeons from 4 camera views, based on data collected both in captive environments and even in the wild. "We trained a 2D keypoint detector and triangulated points into 3D, and also show that models trained on single pigeon data work well with multi-pigeon data," explains Urs Waldmann. This is a first example of 3D animal posture tracking for an entire group of up to 10 individuals. Thus, the new framework provides a concrete method for biologists to create experiments and measure animal posture for automatic behavioural analysis. "This framework is an important milestone in animal posture tracking and automatic behavioural analysis," as Alex Chan and Urs Waldmann say.

Framework can be used in the wild

In addition to tracking pigeons indoors, the framework is also extended to pigeons in the wild. "Using a model that can identify the outline of any object in an image called the Segment Anything Model, we further trained a 2D keypoint detector with a masked pigeon from the captive data, then applied the model to pigeon videos outdoors without any extra model finetuning," states Alex Chan. 3D-MuPPET presents one of the first case-studies on how to transition from tracking animals in captivity towards tracking animals in the wild, allowing fine-scaled behaviours of animals to be measured in their natural habitats. The developed methods can potentially be applied across other species in future work, with potential application for large scale collective behaviour research and species monitoring in a non-invasive way.

3D-MuPPET showcases a powerful and flexible framework for researchers who would like to use 3D posture reconstruction for multiple individuals to study collective behaviour in any environments or species. As long as a multi-camera setup and a 2D posture estimator is available, the framework can be applied to track 3D postures of any animals.
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Inexpensive microplastic monitoring through porous materials and machine learning | ScienceDaily
Optical analysis and machine learning techniques can now readily detect microplastics in marine and freshwater environments using inexpensive porous metal substrates. Details of the method, developed by researchers at Nagoya University with collaborators at the National Institute for Materials Sciences in Japan and others, are published in the journal Nature Communications.


						
Detecting and identifying microplastics in water samples is essential for environmental monitoring but is challenging due in part to the structural similarity of microplastics with natural organic compounds derived from biofilms, algae, and decaying organic matter. Existing detection methods generally require complex separation techniques that are time-consuming and costly.

"Our new method can simultaneously separate and measure the abundance of six key types of microplastics -- polystyrene, polyethylene, polymethylmethacrylate, polytetrafluoroethylene, nylon and polyethylene terephthalate," says Dr. Olga Guselnikova of the National Institute for Materials Science (NIMS).

The system uses a porous metal foam to capture microplastics from solution and detect them optically using a process called surface-enhanced Raman spectroscopy (SERS). "The SERS data obtained is highly complex," explains Dr. Joel Henzie of NIMS, "but it contains discernible patterns that can be interpreted using modern machine learning techniques."

To analyse the data, the team created a neural network computer algorithm called SpecATNet. This algorithm learns how to interpret the patterns in the optical measurements to identify the target microplastics more quickly and with higher accuracy than traditional methods.

"Our procedure holds immense potential for monitoring microplastics in samples obtained directly from the environment, with no pretreatment required, while being unaffected by possible contaminants that could interfere with other methods," says Professor Yusuke Yamauchi of Nagoya University.

The researchers hope their innovation will greatly assist society in evaluating the significance of microplastic pollution on public health and the health of all organisms in marine and freshwater environments. By creating inexpensive microplastic sensors and open-source algorithms to interpret data, they hope to enable the rapid detection of microplastics, even in resource-limited labs.

Currently, materials required for the new system bring cost savings of 90 to 95% compared to commercially available alternatives. The group plans to drive the cost of these sensors down even further and make the methods simple to replicate without the need for expensive facilities. In addition, the researchers hope to expand the capability of the SpecATNet neural network to detect a broader range of microplastics and even accept different kinds of spectroscopic data in addition to SERS data.
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Genetic mosaicism more common than thought | ScienceDaily
In a study led by Jan Korbel at the European Molecular Biology Laboratory (EMBL) and Ashley Sanders at the Berlin Institute for Medical Systems Biology of the Max Delbruck Center (MDC-BIMSB), researchers have found that approximately one in 40 human bone marrow cells carry massive chromosomal alterations -- copy number variations and chromosomal rearrangements, for example -- without causing any apparent disease or abnormality. In addition, cell samples from people over the age of 60 tended to have higher numbers of cells with such genomic alterations, suggesting a previously unidentified mechanism that may contribute to ageing-related diseases. The study was published in the journal Nature Genetics.


						
"The study highlights that we are all mosaics," said Korbel, who is Senior Scientist in the Genome Biology Unit and Head of Data Science at EMBL Heidelberg. "Even so-called normal cells carry all sorts of genetic mutations. Ultimately, this means that there are more genetic differences between individual cells in our bodies than between different human beings."

Both Korbel and Sanders, Group Leader at the Max Delbruck Center study how genetic structural variation -- deletions, duplications, inversions, and translocations of large sections of the human genome -- contributes to the development of disease. In the cancer field, it is well known that genetic mutations can cause cells to grow out of control and lead to the formation of a tumour, explained Sanders. "We are applying similar concepts to understand how non-cancerous diseases develop," she added.

The discovery was enabled by a single-cell sequencing technology called Strand-seq, a unique DNA sequencing technique that can reveal subtle details of genomes in single cells that are too difficult to detect with other methods. Sanders is a pioneer in the development of this technology. As part of her doctoral research, she helped develop the Strand-seq protocol, which she later honed with colleagues while working as postdoctoral fellow in Korbel's lab.

Strand-seq enables researchers to detect structural variants in individual cells with better precision and resolution than any other sequencing technology allows, Sanders said. The technology has ushered in an entirely new understanding of genetic mutations and is now being widely used to characterise genomes and to help translate findings into clinical research.

"We are just recognising that contrary to what we learned in textbooks, every cell in our body doesn't have the exact same DNA," she said.

Genetic mosaicism is common

The study represents the first time anyone has used Strand-seq technology to study mutations in the DNA of healthy people. The researchers included biological samples from a range of age groups -- from newborn to 92-years-old -- and found mutations in blood stem cells, which are located in the bone marrow, in 84% of the study participants, indicating that large genetic mutations are very common.




"It's just amazing how much heterogeneity there is in our genomes that has gone undetected so far," said Sanders. "What this means in terms of how we define normal human ageing and how this can impact the types of diseases we get is really an important question for the field."

The study also found that in people over the age of 60, bone marrow cells carrying genetic alterations tended to be more abundant, with populations of specific genetic variants, or sub-clones, more common than others. The frequent presence of these sub-clones suggests a possible connection to ageing.

But whether the mechanisms that keep sub-clones from proliferating in check break down as we age, or whether the expansion of sub-clones itself contributes to diseases of ageing is not known, said Korbel. "In the future, our single cell studies should give us clearer insights into how these mutations that previously went unnoticed affect our health and potentially contribute to how we age."
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Researchers have unveiled a new method to manipulate cell movement in embryos | ScienceDaily
As embryos grow from conception to birth, cells multiply rapidly and move in a highly organized manner to create the skeleton, organs and other crucial systems. But how do cells know to move in precisely the right direction at the right time to create a fully formed, complex living organism? This is a deeply challenging question for scientists.


						
To help uncover the answer, University of California San Diego Assistant Professor of Physics Mattia Serra and colleagues at Politecnico di Milano (Italy) have developed a new method that can manipulate the movement of embryonic cells using short-time attractors -- a concept Serra had previously developed and adopted to help search and rescue operations at sea. Their work appears in Physical Review Letters.

Short-time attractors are structures that influence a system's dynamics and motion for a limited time, but do not determine long-term behaviors. By modulating the spatial distribution of myosin -- the molecular motor that drives cell movement -- the researchers were able to control the positioning of these attractors, directing cell accumulation to targeted areas of the embryo.

While myosin drives cell movement within the embryo, there are also external forces, or disturbances, that push and pull against the embryo as well. These disturbances are imposed on rather than controlled by the embryo.

This is a delicate dance. The embryo must optimally distribute myosin so that cells move toward the attractors necessary for development while also contending with the imposed disturbances.

Using theory and simulations, the researchers were able to devise an optimal control strategy to create and steer short-time attractors in flows similar to those found in embryo development.

To confirm their theory, collaborators in the Weijer group at the University of Dundee (Scotland) manipulated the myosin distribution of a chick embryo. Normally, the embryo develops a short-time attractor as a line -- this is where the main body axis forms. Serra's predictions suggested that with a particular distribution of myosin, they could make a ring-shaped short-time attractor. The Weijer group was able to implement the suggested myosin distribution in a living embryo, and it developed a circular attractor rather than a linear one.

This new method of controlling cell flows can be used in engineering synthetic organs and organoids and may help in regenerative medicine applications. "Multicellular flows are complex and can be overwhelming to study. Attractors and repellers compress this complexity into its essential units, that can be controlled and used to unravel the underlying principles driving multicellular flows," stated Serra.
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Finnish Vole fever spreading further south | ScienceDaily
Researchers have discovered that bank voles in southern Sweden (Skane) carry a virus that can cause hemorrhagic fever in humans. This finding was made more than 500 km south of the previously known range. The virus strain discovered in Skane appears to be more closely related to strains from Finland and Karelia than to the variants found in northern Sweden and Denmark. This is revealed in a new study from Uppsala University, conducted in collaboration with infectious diseases doctors in Kristianstad and published in the scientific journal Emerging Infectious Diseases.


						
"We were surprised that such high proportion of the relatively few voles that we caught were actually carrying a hantavirus that makes people ill. And this was in an area more than 500 km south of the previously known range of the virus," says Elin Economou Lundeberg, infectious diseases doctor at Kristianstad Central Hospital, who is one of the study's first authors.

Hantaviruses are a family of viruses naturally found mainly in rodents such as mice, rats and voles. Certain hantaviruses are able to infect people and cause two main groups of diseases: hemorrhagic fever with renal syndrome (HFRS) and hantavirus pulmonary syndrome (HPS). Both types of disease are notifiable under the Communicable Diseases Act, as they can cause serious problems and even death. In northern and central Europe, a variant of the virus, Puumala hantavirus, causes a relatively mild form of HRFS popularly known as 'vole fever' (nephropathia epidemica). However, studies have shown that this hantavirus can also cause very severe HRFS, which in the worst case can be fatal. In Sweden 100-450 cases of vole fever require hospital care each year, exclusively in the northern part of the country.

In 2018, a locally contracted case of vole fever was reported in Skane, more than 500 km south of the previously known southernmost incidence of the disease in Sweden, which was north of Uppsala. Another case was discovered in 2020, also in Skane. In both cases, the patients concerned had not been away travelling and were infected in their home area. In an attempt to understand how this was possible, bank voles were caught in the vicinity of the patients' homes and analysed for any occurrence of hantavirus. It turned out that 9 of the 74 bank voles caught carried hantavirus genes. Genetic studies have now showned that the virus differs markedly from the virus variants that circulate in northern Sweden and Denmark, and that it is most closely related to viruses from Finland and Karelia.

The next step in the research is to find out where the virus comes from and map its distribution in the southern parts of Sweden.

"If the virus has existed in the area for a long time and has simply not been discovered, why haven't more people become ill? Or, has it become established in Skane recently and only just begun to spread? And how did it get there?" wonders Professor Ake Lundkvist of Uppsala University, a co-author of the study. "Unfortunately the COVID-19 pandemic intervened, which considerably delayed the completion of this study. These findings are very interesting and show how important it is to investigate the causes as quickly as possible when we see an infectious disease in a new geographical area."
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How killifish embryos use suspended animation to survive over 8 months of drought | ScienceDaily
The African turquoise killifish lives in ephemeral ponds in Zimbabwe and Mozambique. To survive the annual dry season, the fish's embryos enter a state of extreme suspended animation or "diapause" for approximately 8 months. Now, researchers have uncovered the mechanisms that enabled the killifish to evolve this extreme survival state. They report May 30 in the journal Cell that although killifish evolved diapause less than 18 million years ago, they did so by co-opting ancient genes that originated more than 473 million years ago. Through comparative analysis, the team showed that similar specialized gene expression patterns are also employed by other animals -- including the house mouse -- during diapause.


						
"The whole program is like day and night -- there is life in the normal state and life in the diapause state, and the way this happened was by reshuffling or re-wiring the regulatory region of a whole set of genes," says senior author and molecular biologist Anne Brunet of Stanford University.

African turquoise killifish mature faster than any other vertebrate species, and adults live for only around 6 months, even in captivity. The fish reproduce rapidly before their watery homes disappear, but their embryos remain behind in the dry mud, ready to hatch when the next year's rains come. Embryonic diapause also occurs in other vertebrate species, including fish, reptiles, and some mammals, but killifish diapause is remarkably extreme because it lasts for such an extended period (8 months on average and up to 2 years in the lab) and because killifish embryos enter suspended animation much later in development than other animals.

"It's roughly in the middle of development, and many organs are already formed by that stage -- they have a developing brain and a heart which stops beating in diapause and then starts again," says first author Param Priya Singh of the University of California, San Francisco. "Killifish are the only vertebrate species that we know of that can undergo diapause so late in development."

To understand diapause evolution, the team first characterized the gene expression of the African turquoise killifish (Nothobranchius furzeri) during different developmental stages. They focused on duplicated copies of genes called "paralogs," because gene duplication is one of the primary mechanisms by which new genes originate and specialize. Overall, the researchers identified 6,247 paralog pairs that exhibited specialized gene expression patterns during diapause. Surprisingly, they estimated that most of the diapause-specialized genes were "very ancient" paralogs, having originated more than 473 million years ago.

"Even though diapause evolved relatively recently, the genes that are specialized in diapause are really ancient," said Brunet. "We found that most of the genes that specialize for diapause in killifish are very ancient paralogs, which means that they were duplicated in the common ancestor of all vertebrates."

Since diapause also occurs in some other species of killifish, the researchers compared gene expression between embryos of the African turquoise killifish, the South American killifish (Austrofundulus limnaeus), which also undergoes diapause, and two killifish species that do not undergo diapause, the red-striped killifish (Aphyosemion striatum)and lyretail killifish (Aphyosemion austral).




They found significant overlap in gene expression patterns between the African turquoise and South American killifish, which evolved diapause independently of each other, but not in the two non-diapausing species. Likewise, the researchers found significant correlation in the gene expression patterns of house mouse (Mus musculus) embryos during diapause and showed that diapause-specialized genes in mice also have very ancient origins.

"This suggests that the same mechanisms that enable diapause have been repeatedly co-opted for the evolution of diapause across distantly related species," says Singh.

Next, the researchers explored how these diapause-specialized genes are regulated in the killifish. They identified several key transcription factors that control the altered gene expression patterns seen during diapause, including REST and FOXO3, which are known to be expressed during hibernation (a different form of suspended animation) in mammals. Notably, several of these regulatory genes are involved in lipid metabolism, which has a distinctive profile during diapause.

"One of the key elements of diapause is this special lipid metabolism," said Brunet. "During diapause, they seem to have much higher levels of triglycerides and very long chain fatty acids, which are forms of storage and also perhaps aid with long-term protection of the organism's membranes."

The researchers plan to continue investigating how different species regulate diapause and to dig deeper into the role of lipid metabolism during diapause and other types of suspended animation.

"It's such a complex state that I think we are just scratching the surface," said Singh. "We want to go deeper into specific aspects of how lipid metabolism is regulated during diapause, and we are also interested in examining the role of specific cell types during diapause."
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Harnessing green energy from plants depends on their circadian rhythms | ScienceDaily
When plants draw water from their roots to nourish their stems and leaves, they produce an electric potential that could be harnessed as a renewable energy source. However, like all living things, plants are subject to a circadian rhythm -- the biological clock that runs through day and night cycles and influences biological processes. In plants, this daily cycle includes capturing light energy for photosynthesis and absorbing water and nutrients from the soil during the day and slowing its growth processes at night.


						
In a study published in Physics of Fluids, by AIP Publishing, the researchers from the Indian Institute of Technology Kharagpur detailed how biological processes produce voltage in plants and the impact of the cyclic day and night changes on this voltage.

"This streaming potential, essentially a consequence of the natural energy gathered in the plant, offers a renewable energy source that is continuous and can be sustainable over long periods," author Suman Chakraborty said. "The question we wanted to answer was how much potential it can produce, and how is electric potential influenced by the plant's biological clock?"

To find out, the authors inserted electrodes into the stems of water hyacinths and attached reservoirs with electrodes to pieces of lucky bamboo to closely examine how electrical potential changes depending on types of ions, ion concentration, and the pH of the fluid flowing through the plants.

"Our eureka moment was when our first experiments showed it is possible to produce electricity in a cyclic rhythm and the precise linkage between this and the plant's inherent daily rhythm," Chakraborty said. "We could exactly pinpoint how this is related to water transpiration and the ions the plant carries via the ascent of sap."

The study quantified the voltage response originating from the movement of ions through the plant's pathways that align uniquely with the plant's daily rhythms. The authors discovered plants can actively moderate the flow of fluid or sap in sync with the day and night cycles. They also found the electric streaming potential increases with decreased concentration of ions or increased pH in the fluid.

"We not only rediscovered the plant's electrical rhythm, articulating it in terms of voltages and currents, but we also provided insight into potentially tapping electrical power output from plants in a sustainable manner with no environmental impact and no disruption to the ecosystem," Chakraborty said. "The findings could help develop biomimetic, nature-inspired systems that can address the global energy crisis with an eco-friendly, sustainable solution in which planting a tree not only relieves the crises of climate change and declining environmental quality, but also provides a way to harness electricity from it."
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New research shows soil microorganisms could produce additional greenhouse gas emissions from thawing permafrost | ScienceDaily
As the planet has warmed, scientists have long been concerned about the potential for harmful greenhouse gasses to seep out of thawing Arctic permafrost. Recent estimates suggest that by 2100 the amount of carbon dioxide and methane released from these perpetually frozen lands could be on par with emissions from large industrial countries. However, new research led by a team of Colorado State University microbiome scientists suggests those estimates might be too low.


						
Microorganisms are responsible for the process that will generate greenhouse gasses from thawing northern peatlands, which contain about 50% of the world's soil carbon. For now, many of the microbes in this environment are frozen and inactive. But as the land thaws the microbes will "wake up" and begin to churn through carbon in the ground. This natural process, known as microbial respiration, is what produces the carbon dioxide and methane emissions forecasted by climate modelers.

Currently, these models assume that this community of microorganisms -- known as a microbiome -- will break down some types of carbon but not others. But the CSU-led work published this week in the journal Nature Microbiology provides new insight into how these microbes will behave once activated. The research demonstrates that the soil microbes embedded in the permafrost will go after a class of compounds previously thought to be untouchable under certain conditions: polyphenols.

"There were these pools of carbon -- say, donuts, pizza and chips -- and we were comfortable with the idea that microbes were going to use this stuff," said Bridget McGivern, a CSU postdoctoral researcher and the paper's first author. "But then there was this other stuff, spicy food; we didn't think the organisms liked spicy food. But what our work is showing is that actually there are organisms that are eating it, and so it's not going to just stay as carbon, it's going to be broken down."

More carbon being broken down by microbial respiration will produce additional greenhouse gas emissions. But this new finding has other implications, too. Some scientists had previously theorized that adding polyphenols to the thawing Arctic permafrost could potentially "turn off" these microorganisms altogether, effectively trapping a massive cache of potentially problematic carbon in the ground. The concept is known as the enzyme latch theory.

That no longer appears to be a viable option, said Kelly Wrighton, associate professor in the College of Agricultural Sciences' Department of Soil and Crop Sciences, whose lab led the work. "Not only did we think these microbes didn't eat polyphenols," Wrighton said, "we thought that if the polyphenols were there it was like they were toxic and would lock the microbes into inactivity."

The soil microbiome has often been considered something of a black box due of its complexity. Wrighton hopes this new information about the role of polyphenols in permafrost helps shift that perception. "I'd like to move past these black box assumptions," she said. "We can't engineer solutions if we don't understand the underlying wiring and plumbing of a system."

Probing the permafrost in Sweden




Unlocking the relationship between soil microbes and polyphenols has been years in the making for McGivern, who began examining this topic while working on her doctoral degree in Wrighton's lab in 2017.

McGivern started with a simple question. Scientists presumed that without oxygen, soil microbes could not break down polyphenols. Gut microbes, however, don't need oxygen to churn up the compound -- that's how humans extract healthy antioxidant benefits from polyphenol-rich substances such as chocolate and red wine. McGivern wondered why the process would be different in soils, a question that is particularly relevant to permafrost or waterlogged lands that contain little or no oxygen.

"The motivation for a lot of my Ph.D. was how could these two things exist?" McGivern said. "Organisms in our gut can breakdown polyphenols but organisms in the soil can't? The reality was that nobody in soils had really ever looked at it."

McGivern and Wrighton successfully tested the theory in a lab experiment and published a proof of concept study in 2021. The next step was testing it in the field. The team gained access to core samples from a research site in northern Sweden, a place that scientists have used for years to examine questions related to permafrost and the soil microbiome.

But before McGivern could look for evidence of polyphenol degradation in the core samples, she first had to create a database of gene sequences that corresponded to polyphenol metabolism. McGivern mined thousands of pages of existing scientific literature, cataloging the enzymes in cattle, the human gut, and some soils that were known to be responsible for the process. Once she built the database, McGivern compared the results to the gene sequences expressed by the microbes in the core samples. Sure enough, she said, polyphenol metabolism was happening.

"What we found was that genes across 58 different polyphenol pathways were expressed," McGivern said. "So, we're saying not only can the microorganisms potentially do it, but they actually are, in the field, expressing the genes for this metabolism."

Still, more work is needed, McGivern said. They don't know what might constrain the process or the rates at which the metabolism is happening -- both important factors for eventually quantifying the amount of additional greenhouse gas emissions that could be released from permafrost.

"The whole point of this is to build a better predictive understanding so that we have a framework we can actually manipulate," Wrighton said. "The climate crisis we're facing is so fast. But can we model it? Can we predict it? The only way we're going to get there is to actually understand how something works."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240528114949.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Simple food swaps could cut greenhouse gas emissions from household groceries by a quarter | ScienceDaily
Switching food and drink purchases to very similar but more environmentally friendly alternatives could reduce the greenhouse gas emissions from household groceries by more than a quarter (26%), according to a new Australian study from The George Institute for Global Health and Imperial College London published today in Nature Food.


						
Making bigger changes -- like swapping a frozen meat lasagne for the vegetarian option -- could push the reduction to as much as 71%.

To make this happen will require on-pack labelling of greenhouse gas emissions for every packaged food product so that consumers can make informed choices.

This is the most detailed analysis ever conducted on the environmental impacts of a country's food purchasing behaviour, involving comprehensive data on greenhouse gas emissions and sales for tens of thousands of supermarket products, typical of the Western diet of many countries globally.

Lead author and epidemiologist Dr Allison Gaines, who conducted the analysis for The George Institute and Imperial College London, said, "Dietary habits need to change significantly if we are to meet global emissions targets, particularly in high-income countries like Australia, the UK, and US.

"But while consumers are increasingly aware of the environmental impact of the food system and willing to make more sustainable food choices, they lack reliable information to identify the more environmentally friendly options."

Researchers calculated the projected emissions of annual grocery purchases from 7,000 Australian households using information on ingredients, weights and production life cycles in The George Institute's FoodSwitch database and global environmental impact datasets. More than 22,000 products were assigned to major, minor and sub-categories of foods (e.g. 'bread and bakery', 'bread' and 'white bread', respectively) to quantify emissions saved by switching both within and between groups.




Making switches within the same sub-categories of foods could lead to emission reductions of 26% in Australia, equivalent to taking over 1.9 million cars off the road.2 Switches within minor categories of foods could lead to even bigger emission reductions of 71%.

"The results of our study show the potential to significantly reduce our environmental impact by switching like-for-like products. This is also something consumers in the UK could, and would probably like, to do if we put emissions information onto product labels," said Dr Gaines.

Dr Gaines added that the switches would not compromise food healthiness overall: "We showed that you can switch to lower emissions products while still enjoying nutritious foods. In fact, we found it would lead to a slight reduction in the proportion of ultra-processed foods purchased, which is a positive outcome because they're generally less healthy," she said.

The purchase analysis also showed that meat products contributed almost half (49%) of all greenhouse gas emissions, but only 11% of total purchases.Conversely, fruit, vegetables, nuts and legumes represented one quarter (25%) of all purchases, but were responsible for just 5% of emissions.

It is estimated that around one-third of global greenhouse gas emissions are attributable to the food and agriculture sector, and the combined health and environmental costs of the global food system are estimated to be 10-14 trillion USD (8-11 trillion GBP) per year.3,4,5 More than 12 million deaths per year could be prevented if the system transitioned to deliver healthy, low-emission diets.3

Prof Bruce Neal, Executive Director at The George Institute Australia and Professor of Clinical Epidemiology at Imperial College London, said that as a global community, we are taking too long to improve the sustainability of the food system, endangering the prospect of a net-zero future.




"There is currently no standardised framework for regulating the climate or planetary health parameters of our food supply, and voluntary measures have not been widely adopted by most countries. This research shows how innovative ways of approaching the problem could enable consumers to make a real impact," he said.

"With this in mind, we have developed a free app called ecoSwitch, currently available in Australia, which is based on this research. Shoppers can use their device to scan a product barcode and check its 'Planetary Health Rating', a measure of its emissions shown as a score between half a star (high emissions) to five stars (low emissions)."

The George Institute plans to extend the ecoSwitch algorithm to integrate other environmental indicators such as land and water use, and biodiversity, and to introduce the tool to other countries.

"While ecoSwitch is a much-needed first step in providing environmental transparency for grocery shoppers, the vision is for mandatory display of a single, standardised sustainability rating system on all supermarket products," concluded Prof Neal.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240528114503.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Global activity of seafloor biodiversity mapped | ScienceDaily
A team of scientists from the USA and UK has used artificial intelligence (AI) to map the activities of seafloor invertebrate animals, such as worms, clams and shrimps, across all the oceans of the world.


						
The research, led by Texas A&M University (USA) with investigators from the University of Southampton (UK) and Yale University (USA), combined large datasets, with machine learning techniques, to reveal the critical factors that support and maintain the health of marine ecosystems.

Marine sediments are extremely diverse and cover the majority of the Earth's surface. By stirring up and churning the seafloor -- a process known as 'bioturbation' -- small creatures living in the sediments can have a big impact in regulating global carbon, nutrient and biogeochemical cycles. Rather like worms turning and enriching the soil in our garden, invertebrates are doing the same on the seabed -- improving conditions for ocean life.

Understanding how these processes operate in different regions of the world gives scientists important insights into what is driving the health of oceans and how they may respond to climate change.

This latest study hugely expands this knowledge by, for the first time, providing a way to predict and map the contributions seafloor creatures make at any point around the world.

Findings of the study are published in the journal Current Biology.

"Knowing how bioturbation links to other aspects of the environment means that we are now better equipped to predict how these systems might change in response to climate change," commented Dr Shuang Zhang, lead researcher and assistant professor at the Department of Oceanography, Texas A&M University.




Dr Martin Solan, Professor of Marine Ecology at the University of Southampton adds: "We have known for some time that ocean sediments are extremely diverse and play a fundamental role in mediating the health of the ocean, but only now do we have insights about where, and by how much, these communities contribute. For example, the way in which these communities affect important aspects of ocean ecosystems are very different between the coastlines and the deep sea."

The researchers used existing datasets on sea creature activity and the depth of their sediment mixing -- data sourced from hundreds of test points around the world. By using this information to train from, and relating it to a variety of environmental conditions, the AI was able to make accurate predictions about what is happening in sediment on the seafloor, at any point globally.

The team found that a complex combination of a variety of environment conditions influence bioturbation and that this varies around the world. A multitude of factors, such as water depth, temperature, salinity, distance from land, animal abundance and nutrient availability all play a role. In turn, this affects the activity of invertebrate animals and ultimately the health of ocean ecosystems.

"Through our analysis, we discovered that not just one, but multiple environmental factors jointly influence seafloor bioturbation and the ecosystem services these animals provide," Dr Lidya Tarhan, Assistant Professor at the Department of Earth and Planetary Sciences, Yale University, said. "This includes factors that directly impact food supply, underlying the complex relationships that sustain marine life, both today and in Earth's past."

The team hope their study will help with developing strategies to mitigate habitat deterioration and protect marine biodiversity.

"Our analysis suggests that the present global network of marine protected areas does not sufficiently protect these important seafloor processes, indicating that protection measures need to be better catered to promote ecosystem health." added Dr Lidya Tarhan.
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Transgenic expression of rubisco factors increases photosynthesis and chilling tolerance in maize | ScienceDaily
Maize is one of the world's most widely grown crops and is essential to global food security. But like other plants, its growth and productivity can be limited by the slow activity of Rubisco, the enzyme responsible for carbon assimilation during photosynthesis. In a recent study published in the Journal of Experimental Botany, scientists from the Boyce Thompson Institute (BTI) demonstrated a promising approach to enhancing Rubisco production, thus improving photosynthesis and overall plant growth.


						
The study involved the transgenic expression of three key proteins, Rubisco Accumulation Factor 2 (Raf2) and the large and small Rubisco subunits. By overexpressing these proteins, the researchers increased Rubisco content, accelerated carbon assimilation, and boosted plant height in maize.

"Our findings demonstrate the potential of modifying Rubisco assembly to improve crop productivity," said Kathryn Eshenour, a BTI researcher and first author of the study. "By altering the expression of these proteins, we can unlock maize's capacity to photosynthesize more efficiently and grow more robustly, even under challenging environmental conditions."

The research team found that Raf1 and Raf2, although acting at different steps of Rubisco assembly, could independently enhance Rubisco abundance and plant performance. This opens possibilities for further improvements by stacking the traits together, potentially leading to even greater photosynthetic capacity.

Interestingly, the transgenic plants also showed improved resilience to chilling stress, a common environmental challenge that can severely impact crop yields. The researchers observed that these plants maintained higher photosynthetic rates during cold exposure and recovered more rapidly after the stress subsided.

The team's innovative approach holds exciting possibilities for other crops. Many staple foods with similar photosynthetic pathways to maize, such as sorghum, millet, and sugar cane, could potentially benefit from the approach used in this study, leading to improvements in photosynthetic efficiency and yield.

"This promising technology is one of several being used to enhance photosynthesis in crop plants," said David Stern, a professor at BTI and lead author of the study. "By continuing to explore the intricacies of Rubisco assembly and its regulation, we can improve this part of a much-needed toolkit for enhancing photosynthesis across a wide range of crops."

As food security continues to remain a pressing issue and the impacts of climate change intensify, the need for more productive and adaptable crops has never been greater. This research highlights the transformative potential of plant science-based solutions in addressing global challenges, exemplifying BTI's commitment to shaping a future where agriculture thrives, biodiversity is preserved, and humanity benefits from a healthier, more sustainable world.

This work was supported by the intramural research program of the U.S. Department of Agriculture, National Institute of Food and Agriculture, Physiology of Agricultural Plants, Accession No. 1022304.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240528114342.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Florida fossil porcupine solves a prickly dilemma 10-million years in the making | ScienceDaily
There's a longstanding debate simmering among biologists who study porcupines. There are 16 porcupine species in Central and South America, but only one in the United States and Canada. DNA evidence suggests North America's sole porcupine belongs to a group that originated 10 million years ago, but fossils seem to tell a different story. Some paleontologists think they may have evolved just 2.5 million years ago, at the beginning of the ice ages.


						
A new study published in the journal Current Biology claims to have reconciled the dispute, thanks to an exceptionally rare, nearly complete porcupine skeleton discovered in Florida. The authors reached their conclusion by studying key differences in bone structure between North and South American porcupines, but getting there wasn't easy. It took an entire class of graduate and undergraduate students and several years of careful preparation and study.

"Even for a seasoned curator with all the necessary expertise, it takes an incredible amount of time to fully study and process an entire skeleton," said lead author Natasha Vitek. While studying as a doctoral student at the Florida Museum of Natural History, Vitek teamed up with vertebrate paleontology curator Jonathan Bloch to create a college course in which students got hands-on research experience by studying porcupine fossils.

Ancient radiation gave rise to world's largest rodents

Porcupines are a type of rodent, and their ancestors likely originated in Africa more than 30 million years ago. Their descendants have since wandered into Asia and parts of Europe by land, but their journey to South America is a particularly defining event in the history of mammals. They crossed the Atlantic Ocean -- likely by rafting -- when Africa and South America were much closer together than they are today. They were the first rodents to ever set foot on the continent, where they evolved into well-known groups like guinea pigs, chinchillas, capybaras and porcupines.

Some took on giant proportions. There were lumbering, rat-like animals up to five feet long, equipped with a tiny brain that weighed less than a plum. Extinct relatives of the capybara grew to the size of cows.

Porcupines remained relatively small and evolved adaptations for life in the treetops of South America's lush rainforests. Today, they travel through the canopy with the aid of long fingers capped with blunt, sickle-shaped claws perfectly angled for gripping branches. Many also have long, prehensile tails capable of bearing their weight, which they use while climbing and reaching for fruit.




Despite their excellent track record of getting around, South America was a dead end for many millions of years. A vast seaway with swift currents separated North and South America, and most animals were unable to cross -- with a few notable exceptions.

Beginning about 5 million years ago, the Isthmus of Panama rose above sea level, cutting off the Pacific from the Atlantic. This land bridge became the ancient equivalent of a congested highway a few million years later, with traffic flowing in both directions.

Prehistoric elephants, saber-toothed cats, jaguars, llamas, peccaries, deer, skunks and bears streamed from North America to South. The reverse trek was made by four different kinds of ground sloths, oversized armadillos, terror birds, capybaras and even a marsupial.

The two groups met with radically different fates. Those mammals migrating south did fairly well; many became successfully established in their new tropical environments and survived to the present. But nearly all lineages that ventured north into colder environments have gone extinct. Today, there are only three survivors: the nine-banded armadillo, the Virginia opossum and the North American porcupine.

New fossils catch evolution in the act

Animals that traveled north had to contend with new environments that bore little resemblance to the ones they left behind. Warm, tropical forests gave way to open grasslands, deserts and cold deciduous forests. For porcupines, this meant coping with brutal winters, fewer resources and coming down from the trees to walk on land. They still haven't quite gotten the hang of the latter; North American porcupines have a maximum ground speed of about 2 mph.




South American porcupines are equipped with a menacing coat of hollow, overlapping quills, which offer a substantial amount of protection but do little to regulate body temperature. North American porcupines replaced these with a mix of insulating fur and long, needle-like quills that can be raised when they feel threatened. They also had to modify their diet, which changed the shape of their jaw.

"In winter, when their favorite foods are not around, they will bite into tree bark to get at the softer tissue underneath. It's not great food, but it's better than nothing," Vitek said. "We think this type of feeding selected for a particular jaw structure that makes them better at grinding."

They also lost their prehensile tails. Although North American porcupines still like climbing, it's not their forte. Museum specimens often show evidence of healed bone fractures, likely caused by falling from trees.

Many of these traits can be observed in fossils. The problem is there aren't many fossils to go around. According to Vitek, most are either individual teeth or jaw fragments, and researchers often lump them in with South American porcupines. Those that are considered to belong to the North American group lack the critical features that would provide paleontologists with clues to how they evolved.

So when Florida Museum paleontologist Art Poyer found an exquisitely preserved porcupine skeleton in a Florida limestone quarry, they were well aware of its significance.

"When they first brought it in, I was amazed," said Bloch, senior author of the study. "It is so rare to get fossil skeletons like this with not only a skull and jaws, but many associated bones from the rest of the body. It allows for a much more complete picture of how this extinct mammal would have interacted with its environment. Right away we noticed that it was different from modern North American porcupines in having a specialized tail for grasping branches."

By comparing the fossil skeleton with bones from modern porcupines, Bloch and Vitek were confident they could determine its identity. But the amount of work this would require was more than one person could do on their own in a short amount of time. So they co-created a paleontology college course, in which the only assignment for the entire semester was studying porcupine bones.

"It's the kind of thing that could only be taught at a place like the Florida Museum, where you have both collections and enough students to study them," Vitek said. "We focused on details of the jaw, limbs, feet and tails. It required a very detailed series of comparisons that you might not even notice on the first pass."

The results were surprising. The fossil lacked the reinforced bark-gnawing jaws and possessed a prehensile tail, making it appear more closely related to South American porcupines. But, Vitek said, other traits bore a stronger similarity to North American porcupines, including the shape of the middle ear bone as well as the shapes of the lower front and back teeth.

With all the data combined, analyses consistently provided the same answer. The fossils belonged to an extinct species of North American porcupine, meaning this group has a long history that likely began before the Isthmus of Panama had formed. But questions remain as to how many species once existed in this group or why they went extinct.

"One thing that isn't resolved by our study is whether these extinct species are direct ancestors of the North American porcupine that is alive today," Vitek said. "It's also possible porcupines got into temperate regions twice, once along the Gulf Coast and once out west. We're not there yet."

Jennifer Hoeflich, Isaac Magallanes, Sean Moran, Rachel Narducci, Victor Perez, Jeanette Pirlo, Mitchell Riegler, Molly Selba, Maria Vallejo-Pareja, Michael Ziegler, Michael Granatosky and Richard Hulbert of the Florida Museum of Natural History are also authors on the paper.
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Secrets of sargassum: Scientists advance knowledge of seaweed causing chaos in the Caribbean and West Africa | ScienceDaily
Researchers have been working to track and study floating sargassum, a prolific seaweed swamping Caribbean and West African shorelines, and causing environmental and economic harm.


						
The stranded seaweed blocks fishing boats; threatens tourism; disrupts turtle nesting sites, reefs and mangroves, and releases toxic gas, which impacts human health and damages electrical equipment.

First reported by Christopher Columbus in the 15th century, floating mats of sargassum have long been present in the North Atlantic. However, since 2011, a floating population has established between West Africa and South America, and increased in size to form "the great Atlantic sargassum belt" -- a 9,000km-long macroalgal bloom, visible from space and estimated to weigh 35 million tons.

The massive blooms of sargassum are thought to be down to nutrient pollution and warming seas, and vast quantities of the seaweed end up in landfill each year.

The research team, from the Universities of York and Southampton, alongside colleagues from the University of the West Indies in Jamaica and Barbados, set out to learn more about sargassum's biomass composition in order to unlock its potential to be used to produce sustainable products.

While the seaweed is an abundant biomass, its possible uses are limited due to its high arsenic content.

First author of the study Dr Carla Machado, a research associate in the Department of Biology, said: "The small quantities of sargassum that used to wash ashore in the Caribbean provided a habitat for turtles, crabs and fish and contributed to beach formation as it decomposed, but the vast sargassum blooms of the past decade are a global problem that will continue to grow and have a major impact in the affected countries.




This research project has brought together international researchers specialising in biomass composition and satellite imaging to track, sample and study sargassum, providing crucial new knowledge of this little-understood macroalgae."

For a biomass to be utilised, it needs to be consistent in its composition; this ensures it can be processed efficiently and behave predictably during production.

The results of the study showed that, overall, the biochemical composition of sargassum is consistent throughout the year. The researchers tested different processing methods for the seaweed, including shade-drying or freezing, and found the protein content of the seaweed stayed the same. However, the method of processing did affect levels of other components such as alginate, which can be processed for many applications, including biomaterials.

The researchers collected samples of sargassum in Jamaica throughout 2021, which coincided with the April 2021 eruption of La Soufriere on the Caribbean island of Saint Vincent.

Using drift patterns, the authors calculated that the sargassum samples they collected in August 2021 would have spent approximately 50 days exposed to ash from the eruption.

They found that seaweed that had likely been in contact with volcanic ash contained less arsenic, but had accumulated other elements including nickel and zinc.




Lead author of the study, Dr Thierry Tonon from the Department of Biology at the University of York said: "Understanding sargassum's response to environmental conditions is crucial for unlocking its biology and potential value.

"With the great sargassum belt also receiving additional nutrients from Sahara dust that blows across the Atlantic, huge quantities of the seaweed washing up on coastlines looks set to become the new normal."

There is much more work to be done to increase understanding about sargassum and how it is going to behave in years to come, the researchers say. This will provide a body of evidence that could inform an international response to the problems it poses to people and the environment and transform it into something useful.

Professor Robert Marsh from the University of Southampton said: "The sargassum beaching around Jamaica in late summer 2021 carried distinct traces of the volcanic ash that settled upon it around 4 months earlier, just to the east of St Vincent; this novel 'volcanic tag' confirmed that sargassum arrives each summer at Jamaican beaches after a months-long journey drifting with currents from the central tropical Atlantic."

Professor Hazel A. Oxenford from the University of the West Indies said: "Volcanic ash collected in my garden from the St Vincent eruption was used to determine its chemical signature. Being able to detect those components in sargassum after it travelled more than 1,700 km across the Caribbean to Jamaica was exciting. It confirmed our predicted transport pathway for sargassum, showed that the seaweed lives for at least 4 months and demonstrates the marine connectivity across the region."

Professor Mona Webber from the University of the West Indies added: "It is very important for Caribbean Islands being affected by the sargassum inundation to be able to benefit from its valorization. Understanding how the sargassum we collect in Jamaica has changed en route to our shores and factors that could affect especially the arsenic content, will propel us towards safe use of the algal biomass."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240527202625.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Environment News
          
          	
            Sections
          
          	
            Strange &amp; ...
          
        

      

      Society News

      Top stories featured on ScienceDaily's Science & Society, Business & Industry, and Education & Learning sections.


      
        Menstrual periods are arriving earlier for younger generations, especially among racial minority and lower-income individuals
        The average age at menarche -- the first menstrual period -- has been decreasing among younger generations in the U.S., especially those belonging to racial minorities and lower socioeconomic statuses, according to a new study. It also found that the average time it takes for the menstrual cycle to become regular is increasing.

      

      
        Risky path to meeting climate targets for Stockholm
        The Swedish capital Stockholm aims to capture more carbon dioxide than is emitted by 2030. Therefore, the city is investing in new technology at a combined heat and power plant. But it is a strategy that has been adopted without sufficient discussion of the risks.
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Menstrual periods are arriving earlier for younger generations, especially among racial minority and lower-income individuals | ScienceDaily
The average age at menarche -- the first menstrual period -- has been decreasing among younger generations in the U.S., especially those belonging to racial minorities and lower socioeconomic statuses, according to a new study led by researchers at Harvard T.H. Chan School of Public Health. It also found that the average time it takes for the menstrual cycle to become regular is increasing.


						
The study will be published on May 29 in JAMA Network Open. It is the latest publication from the Apple Women's Health Study, a longitudinal study of menstrual cycles, gynecological conditions, and overall women's health conducted by Harvard Chan School, the National Institute of Environmental Health Sciences, and Apple.

"Our findings can lead to a better understanding of menstrual health across the lifespan and how our lived environment impacts this critical vital sign," said co-principal investigator Shruthi Mahalingaiah, assistant professor of environmental, reproductive, and women's health at Harvard Chan School.

While previous studies have shown trends towards earlier menarche over the past five decades, data has been limited on how these trends present within different racial groups and socioeconomic statuses. Additionally, few studies have had sufficient data to identify any trends regarding time to menstrual cycle regularity.

The researchers used the Apple Women's Health Study's large, diverse dataset to fill this research gap. Participants who enrolled in the study between November 2018 and March 2023 -- 71,341 in total -- self-reported the age at which they first began menstruating and their race and socioeconomic status. The researchers divided the participants into five age brackets: born between 1950-1969, 1970-1979, 1980-1989, 1990-1999, and 2000-2005. Ages of menarche were defined as early (younger than 11 years old), very early (younger than 9), and late (ages 16 and above). A subset of participants (61,932) self-reported the time it took for their menstrual cycle to become regular and were divided into five categories: up to two years, between three and four years, longer than five years, hasn't become regular, or became regular with use of hormones. Another subset (9,865) provided their body mass index (BMI) at their age of menarche.

The study found that as birth year increased (meaning younger participants), average age at menarche decreased and time from menarche to menstrual cycle regularity increased. Among participants born from 1950-1969, the average age at menarche was 12.5 years, and the rates of early and very early menarche were 8.6% and 0.6%, respectively. Among participants born from 2000-2005, the average age of menarche was 11.9 years, and the rates of early and very early menarche were 15.5% and 1.4%, respectively. Across the two groups, the percentage of participants who reached menstrual cycle regularity within two years of menarche decreased from 76% to 56%. The researchers observed that these trends were present among all sociodemographic groups but were most pronounced among the participants who identified as Black, Hispanic, Asian, or mixed race, and who rated themselves as belonging to a low socioeconomic status.

The findings showed that BMI at age of menarche could explain part of the trend toward periods starting earlier -- in other words, that childhood obesity, a risk factor for early puberty and a growing epidemic in the U.S., could be a contributing factor to earlier menarche. Other possible factors that might explain the trend include dietary patterns, psychological stress and adverse childhood experiences, and environmental factors such as endocrine-disrupting chemicals and air pollution.




"Continuing to investigate early menarche and its drivers is critical," said corresponding author Zifan Wang, postdoctoral research fellow in Harvard Chan School's Department of Environmental Health. "Early menarche is associated with higher risk of adverse health outcomes, such as cardiovascular disease and cancer. To address these health concerns -- which our findings suggest may begin to impact more people, with disproportionate impact on already disadvantaged populations -- we need much more investment in menstrual health research."

The authors noted some limitations to the study, including that it relies heavily on retrospective self-reporting.

Other Harvard Chan School authors included Gowtham Asokan, Jukka-Pekka Onnela, Michelle Williams, Russ Hauser, and Brent Coull.

The study was made possible by funding from Apple, Inc. and the National Institutes of Health (grant Z01ES103333).
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Risky path to meeting climate targets for Stockholm | ScienceDaily
The Swedish capital Stockholm aims to capture more carbon dioxide than is emitted by 2030. Therefore, the city is investing in new technology at a combined heat and power plant. But it is a strategy that has been adopted without sufficient discussion of the risks, says researchers at Linkoping university, Sweden.


						
"Stockholm has a very ambitious climate policy. But there's also been a kind of resignation. This new technology has appeared to offer the promise of a solution. And that's perhaps why there's been no critical discussion at all," says researcher Alexander Olsson at the Department of Thematic Studies -- Environmental Change at Linkoping University.

The energy utility Stockholm Exergi is investing in new technology to capture carbon dioxide from the combined heat and power plant Vartaverket. Potentially, 800,000 tons could be removed per year and stored in the bedrock. Since the heat and power plant is fired by biofuel, this would mean that carbon dioxide is removed from circulation. These so-called negative emissions can then be offset against other emissions that politicians deem impossible to remove. The end result would be that Stockholm's net emissions would be zero or even negative. But there are many uncertainties.

Together with colleagues at the Department of Thematic Studies -- Environmental Change, Alexander Olsson has interviewed thirteen politicians and officials in Stockholm to hear their reasoning about the opportunities and risks. They have also analysed debates held in the municipal council from 2015 to 2023. Their conclusions are presented in an article in Energy Research & Social Science.

One thing is clear, according to the researchers. Neither in interviews nor in the debate transcripts is there any serious questioning of the path set out to meet the climate targets, which are to a large extent based on substantial negative emissions at Vartaverket. There seems to be a lack of an alternative plan.

"This means that Stockholm's climate targets are entirely dependent on this facility and the ability to store carbon dioxide. There is no plan B. it's a very, very risky portfolio, to put it in financial terms," says Alexander Olsson.

According to the researchers, the local decision-makers feel that much of climate policy and emissions is beyond their scope of influence. The thought of being able to make large amounts of carbon dioxide disappear through their own decisions thus appeals to the decision-makers. The opportunity to be at the forefront of technology and to be a role model for other cities is also appealing.




It is then tempting to ignore the fact that the technology may not work as intended or that implementation may be delayed. There are no ready-made solutions for how the carbon dioxide is to be transported and disposed of, or answers as to how large quantities can be taken care of. In addition, there are major environmental risks associated with the planned interim storage of carbon dioxide at the port of Vartahamnen close to the city. Almost none of this is mentioned in the interviews or in the debates.

In the light of the promise offered by the new technology, alternative measures risk appearing less important. For example, the researchers note that Stockholm's previous initiative to use biochar to store carbon dioxide has been diminished. There is also a risk that the discussion about which emissions can be influenced locally will be forgotten. For example, Stockholm wants to build a new plant for waste incineration. This would lead to increased carbon dioxide emissions, but it is not identified as a problem by the interviewed decision-makers, which may be due to the high hopes placed on capture at Vartaverket. It is easy to sit back, because the problem seems to be solved.

The researchers' advice is to set separate targets for how much carbon dioxide is to be captured and how much emissions are to be reduced from waste incineration and traffic. They say that this would make clearer which measures work and which do not. The targets should also be complemented by a risk analysis that looks at the likelihood that a measure will be successful. This would bring to light the need for alternative methods.

"We don't think things improve by not being critical. We believe that criticism is an important part of a democratic process, and that decisions will be better if there's a broader debate," says Alexander Olsson.

The study has been funded by the Swedish Energy Agency and Formas.
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More than just social media use may be causing depression in young adults, study shows | ScienceDaily
Over the past few decades, there has been a significant increase in the prevalence of depression in adolescents and young adults -- and a simultaneous uptick in the inclusion of technology and social media in everyday life. However, it is unclear how exactly social media use and depression are associated and relate to other behaviors, such as physical activity, green space exposure, cannabis use and eveningness (the tendency to stay up late).


						
In a study published May 15 in the International Journal of Mental Health and Addiction, a team of researchers, led by experts at Johns Hopkins Children's Center, investigated the association among social media use, depression and other health-related behaviors of young adults over time.

"Research shows that when social media use is high, depression is also high. But the question is -- is that because social media caused that person to be depressed? Or is it because people who are depressed tend to also use social media more, and spend less time exercising and being in green spaces? That is what we wanted to understand," says Carol Vidal, M.D., Ph.D., M.P.H., the first author of the study, a child and adolescent psychiatrist at Johns Hopkins Children's Center and an assistant professor of psychiatry and behavioral sciences at the Johns Hopkins University School of Medicine.

In their study, 376 young adults in Canada (82.4% women) were asked to complete three online questionnaires between May 2021 and January 2022. At each point, participants self-reported depressive symptoms based on the Patient Health Questionnaire (PHQ-9) -- a nine-item scale that is commonly used to measure depression -- as well as social media use, greenspace exposure, physical activity and cannabis use.

The researchers found that most study participants had at least mild depressive symptoms. Findings showed that participants who had higher social media use tended to be more depressed, and people who were more depressed also tended to use social media more. However, researchers found that social media use did not cause an increase or decrease in depressive symptom levels over time.

"We found that if you tended to be a person who was depressed, you were a person also spending more time on social media," explains Vidal.

Researchers also found that higher levels of social media use and higher levels of depressive symptoms were associated with lower levels of green space exposure. In addition, cannabis use and higher eveningness were also associated with higher depressive levels.

The study authors say these results show social media use and depression are associated, but do not provide evidence that greater social media use predicts an increase in depressive symptoms over time. The team also says these findings indicate people who suffer from depression should be cautious about the amount of time they spend on social media and should be encouraged to incorporate other healthy habits into their lifestyle.

"Being indoors and not exercising, staying up late and using cannabis has its risks," says Vidal. "It is important for providers to educate patients and for parents to instill healthy habits in their kids -- having a balance of moderate social media use and other outdoor activities and exercise is what people should strive for in today's digital age."

Vidal and other investigators believe there are many aspects to social media, and there are important next steps to learn more about its impact on the mental health of people of all ages, including younger children and adolescents.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529144126.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Quality over quantity for screen time -- study | ScienceDaily
It is what we are looking at, rather than how much time we are spending our time online that influences our health and wellbeing, according to a major new report.


						
The study, published in the journal World Psychiatry, is a comprehensive examination of the latest scientific evidence on screen time and mental health, carried out by an international research team.

The authors emphasise the importance of taking an individualised and multi-dimensional approach to how the Internet affects mental health, cognition and social functioning. Content that may be relatively harmless to some users may be damaging to a different demographic, such as the impact photos promoting unrealistic body shapes may have on people vulnerable to eating disorders or low self-esteem.

The report addresses a range of impacts that an increased online presence has on wellbeing, tackling issues such as 'fear of missing out', how behaviours and viewpoints are manipulated through social media, isolation, social comparisons, and the effects on the body such as increased sedentary behaviour.

Co-author Lee Smith, Professor of Public Health at Anglia Ruskin University (ARU), said: "Take two scenarios: In the first, a young person is accruing a total of four hours per day online, through constantly engaging with distracting notifications whenever they appear on screen, and then scrolling endless streams of short-form media which can be algorithmically geared towards their vices or insecurities. This could result in reduced concentration on important tasks, or cause body image issues or low self-esteem.

"In the second scenario, there is an older adult spending the exact same four hours per day online, but instead using this time to foster new social relationships and access educational content, providing benefits for their wellbeing and even brain functioning. Here, we can see very different outcomes arise from the exact same amount of time spent online."

This emerging evidence of how the online world can influence our social functioning and brain health can be used to begin developing more concrete guidelines and strategies for helping people to maximise the benefits, and minimise the risks, of their own individual 'online lives'.

Senior Author, Dr Josh A. Firth from University of Leeds explained: "Right now, lots of the guidelines and recommendations around internet usage have focused on limiting the amount of time we spend online.

"While there is common sense in reducing our digital device usage to ensure time for healthy 'real world' activities, we are now able to describe how the consequences of our digital device usage are determined by things far beyond just time spent online."

Professor Smith added: "Through drawing together the latest evidence from neuroscience, populational health and psychological studies, this report is able to describe how the positive or negative effects of internet usage for an individual can be influenced by simple things like age and sociodemographic status, along with complex factors around the actual nature of individuals' 'online lives'."
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Health risk from global warming predictor of city climate action during COVID-19, study finds | ScienceDaily
Cities around the world were more likely to maintain climate action and enact 'green recovery' long-term plans after the pandemic if local decision-makers were more alert to the health risks of climate change, a new global study has shown.


						
The health benefits of tackling climate change, such as cleaner air and more access to green spaces, were key drivers in city officials' decisions to continue with climate plans despite funding shortfalls caused by the COVID-19 crisis.

Overall, the study showed that enduring and ambitious climate action during the pandemic was more common in cities in the Global South than in Europe or North America, despite greater funding challenges.

Officials in these cities were also more likely to employ successful practices such as partnering with other cities to strengthen climate action plans, or with businesses to bolster sustainability initiatives.

Study first author Dr Tanya O'Garra, from the Centre from Environmental Policy at Imperial College London, and Middlesex University, said: "Nearly 60% of people live in cities worldwide, which can be economically beneficial for them, but city-dwellers are increasingly vulnerable to multiple crises caused by pandemics, conflict and climate change itself.

"City leaders often pave the way with ambitious climate action until calls to tackle these other threats can draw funds away from their climate goals. Because these major challenges are so intertwined, this leaves their populations more vulnerable to all risks.

"If we find out how city officials can maintain action in the face of such challenges, we can help large populations, especially the poorest and most vulnerable to these interconnected risks, avoid the most serious consequences of climate change."

The research, conducted by researchers in Canada, Germany, the Netherlands, the United States and the UK, is published in the journal Nature Cities.




Driving climate action

The team analysed survey data provided by city officials on the Carbon Disclosure Platform (CDP) from 2021, and other sources, to assess how 793 cities globally responded to the COVID-19 crisis in terms of their climate actions, funding and green recovery efforts.

While they found that in the short term, the majority of city decision-makers kept up their climate commitments, green recovery plans were set up in only 43% of cities, suggesting the remainder of the cities are not investing in longer-term climate plans.

Many previous studies of local city-based climate plans have focused on North America and Europe, but in this study 48% of the cities assessed were in the Global South. The results show that, in general, decision-makers for Global South cities have higher ambition in climate action and promoted more green recovery efforts despite facing greater funding shortfalls than cities in Europe and North America.

The team identified two broad reasons underlying city officials' commitments to climate action. The first is exposure to environmental stress: in cities where citizens experience more climate-related issues (for example, climate hazards like floods or droughts, or persistent issues like air pollution) officials are more motivated to pursue sustained climate action.

The second was early engagement with climate and sustainability: the more that city officials had already engaged in addressing climate and sustainability issues (for example, by joining climate networks, or by aligning economic development with sustainability), the more likely these issues had become embedded in city policies, processes and interactions, making them more likely to continue even under a crisis scenario.




Measuring motivations

The team are now conducting in-depth interviews with city planning and administration officials in a selection of the cities. Preliminary interviews with officials in Kochi, India, confirmed the credit for their resilience was due to many of the factors the team had identified in the data.

For example, interviewees identified the benefits of existing coordination between state and local bodies and engagement with different stakeholders in planning, including academics, entrepreneurs, civil society organizations and the public.

They noted that the pandemic also led to an increased focus on climate action in the city, which has also occurred after other natural disasters.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240529143624.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Wild megalopolis: Study shows unexpected pockets of biodiversity pepper Los Angeles | ScienceDaily
UCLA biologists have some good news and some bad news for lovers of urban wildlife in Los Angeles. The good news? Unexpected pockets of biodiversity pepper the city. The bad news? It will be a challenge to elevate the level of overall biodiversity of the city. Of all the major taxonomic groups studied, only snails and slugs are 'easy' to find in Los Angeles, probably because of the abundance of landscaping, gardens and irrigation.


						
The research points toward ways Angelenos -- and people elsewhere -- can make their city more hospitable not only to urban-tolerant species such as coyotes, but also to species that usually avoid cities, such as wrentits, a small songbird.

"Los Angeles should rightly pat itself on the back for attracting and supporting mountain lions, most notably, the late, great P-22," said Joseph Curti, a doctoral candidate in ecology and evolutionary biology and lead author of a new study published in the journal PLOS One. "Our study highlights additional native species that are present within even the most urbanized areas of the city."

The research was conducted with Los Angeles as part of the LA City Biodiversity Index, a tool designed to monitor progress toward L.A.'s Green New Deal goal: no net loss of native biodiversity by 2050. The index assesses what's happening to habitats and how various habitats connect, as well as how well the city is engaging with students and the larger community regarding biodiversity and how it's working to protect endangered species through action plans and policies.

In the city's LA Biodiversity Index Baseline Report, Los Angeles received 37 out of 110 possible points. In general, the greater the urban intensity, the fewer native wild species lived there. This metric was designed to be reevaluated every three years, so the city can track measures to attract urban biodiversity.

"This work provides the foundational data and maps needed for the city and Angelenos to proactively create habitat for biodiversity," said co-author Michelle Barton, an environmental manager for the city of Los Angeles. "Over time, we hope to see that initiatives that create new habitat support not just urban tolerant species, but also our urban avoider species."

Using observations logged by the public on the iNaturalist app, the UCLA-led prong of the project evaluated the response of 510 native species within a 124-mile radius of Los Angeles to urban intensity, as indicated by the amount of noise, light and impervious surfaces.




Not surprisingly, the regions of greatest diversity were in areas that bordered hills and mountain ranges or in affluent neighborhoods with ample green spaces. But UCLA researchers also discovered isolated refuges in the heart of the city where some species flourished. Twenty-spotted lady beetles and house wrens, for example, abound in the Dodger Stadium parking lot. Downtown's Pershing Square supports mourning doves, Vaux's swifts, gopher snakes and exotic streaktails, a type of fly that feeds on aphids.

The authors focused on 12 taxonomic groups that are accurately detected and logged by community scientists on iNaturalist:
    	amphibians and reptiles
    	bees and wasps
    	birds
    	butterflies and moths
    	dragonflies and damselflies
    	grasshoppers, locusts and crickets
    	hoverflies
    	lady beetles
    	leafhoppers
    	mammals
    	snails and slugs
    	spiders

The researchers selected observations of animals that were native to the study area, that had a natural history typical for other members of their taxonomic group, and mapped the observations on a quarter-mile grid across the city. They calculated the relationship of a given species to the three measures of urban intensity (noise, light impervious surfaces) and calculated the community-wide average of these species-level responses to urban intensity for each quarter-mile grid cell throughout the city. The scores were intended to assess how well the species fared in the city relative to other species and place them within a continuum of urban tolerance, from most to least avoidant.

For example, data published by previous researchers show that many species of urban raptors, such as Cooper's hawks and red-shouldered hawks, do pretty well in response to urban intensification and increase nesting in urban areas. But some urban raptors, such as American kestrels, decrease nesting in response to increased urban intensification.

Looking at the response to urban intensity as a continuum instead allowed the researchers to understand the responses of species at a finer resolution. For example, red-shouldered hawks had a high score of 0.19 and Coopers hawks had a fairly high score of 0.11, but kestrels had a lower score of -0.03. The scores reveal that while both hawk species are doing relatively well, the Cooper's hawks favor the city somewhat less, and kestrels tend to avoid the city. The findings support and add nuance to the earlier research.

"Now we have a sense of not only urban tolerant/urban avoidant, but the degree to which each species is responding to our measures of urban intensity," Curti said. "This allows us to better understand the species and their relationship to the urban environment."

The city of Los Angeles provides a list of ways in which people can promote biodiversity in their neighborhoods, including:
    	Plant native plants. Those specific areas can be found at Calscape, the California Native Plant Society's website.
    	Create a habitat in your yard by avoiding excessive pruning in the spring and leaving leaves in your yard in the fall, retaining tree snags and other deadwood, which provide habitat for many species.
    	Remove artificial light sources from your home at night.
    	Do not spray herbicides/pesticides around your home.

People should also consider keeping their feline friends indoors because research has established that cats are major predators of birds and other small animals, Curti said.
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Marine Protected Areas don't line up with core habitats of rare migratory fish, finds new research | ScienceDaily
62% of Marine Protected Areas (MPAs) designated to protect rare migratory fish species are outside of their core habitats, according to a new modelling study. The findings are published in the British Ecological Society's Journal of Applied Ecology.


						
A team of researchers in France from the "Pole MIAME" that gathers diadromous fish experts from multiple research institutions (OFB, INRAE, Institut Agro and UPPA) have developed a new modelling approach that accurately predicts core and unsuitable habitats of rare and data-poor diadromous fish (fish which migrate between marine and freshwater), such as threatened shads and the IUCN red-listed 'critically endangered' European eel.

The researchers found that 62% of MPAs which are specifically meant to protect diadromous fish species, don't overlap with the core habitats of the fish modelled in the study.

In fact, only 55% of the modelled core habitats of diadromous fish fell within any MPAs, and of these protected areas, only had half had specific measures to protect the species.

When looking at individual species, the researchers found that less than 30% of the endangered Mediterranean twaite shad (Alosa agone) core habitat was within MPAs.

Although other species such as European eel and European smelt had around 70% of their core habitats within MPAs, only 9% of these MPAs have specific measures to protect the European eel, and none had specific measures to protect European smelt.

Dr Sophie Elliott at the Game and Wildlife Conservation Trust (previously at Institute Agro in France) and lead author of the study, said "Given the sharp decline in diadromous fish which was noted just last week by The Living Planet Index (LPI) for migratory freshwater fishes 2024 update, it is a surprise more isn't being done to protect these species.




"We found that existing Marine Protected Areas with and without measures to protect listed diadromous fish across France, England, Belgium, and the Netherlands are not adequately protecting them despite a number of these fish being protected."

Dr Anthony Acou, at the French Biodiversity Agency and Patrinat, in charge of diadromous fish evaluation for the EU MSFD (Marine Strategy Framework Directive), and a co-author of the study, added that "Due to a lack of data on rare species, spatial protective measures are often implemented with little understanding of the species distribution and habitat ('the rare species paradox')."

Dr Laurent Beaulaton, also at the French Biodiversity Agency, and a co-author said "We hope that our 'Combined Model for Accurate Prediction' methodological framework can help improve accurate rare species distribution modelling for reliable biodiversity assessments, meaning conservation measures can be targeted in specific areas that protect rare and poorly detected species while also minimising conservation impacts on human activity."

The researchers tested their newly developed modelling approach on diadromous fish because very little is known about their at-sea life history stage and there is no existing model of their distribution.

These types of fish are also sensitive to anthropogenic pressures. Dr Sophie Elliott explained that "Diadromous fish species are particularly threatened because they are subject to terrestrial, freshwater, and marine pressures such as agricultural and pollutant runoffs, habitat destruction, barriers to migration, fishing, bycatch, and climate change. These barriers cumulate through their life cycle as they travel between their freshwater and marine habitats."

To test the accuracy of their new modelling approach, the researchers collated an unprecedented amount of data on fisheries-dependent and independent data within eastern Atlantic and Mediterranean waters, focussing on 11 rare and data-poor diadromous fish including the European eel, European flounder, smelt and three species of shad and the thinlip mullet. They then compared the predicted core and unsuitable habitats for the fish against 89 OSPAR and habitat Directive MPAs found in these waters.

The researchers would now like to see their modelling approach expanded to larger areas across the Northeast Atlantic and look closer at habitat types. "The next step is to better characterise at-sea functional habitats (migratory corridor, nursery area, refuge area) of the different species. But for that additional data are needed..." added Dr Etienne Rivot, a population modelling expert at DECOD (Ecosystem Dynamics and Sustainability), L'Institut Agro, INRAE, Ifremer, and a co-author of the study.

The researchers also highlight that the modelling approach could be used for other protected, threatened and usually rare species, particularly for species where protected areas have been put in place for their conservation.
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Wind farms are cheaper than you think -- and could have prevented Fukushima, says global review | ScienceDaily
Offshore wind could have prevented the Fukushima disaster, according to a review of wind energy led by the University of Surrey.


						
The researchers found that offshore turbines could have averted the 2011 nuclear disaster in Japan by keeping the cooling systems running and avoiding meltdown. The team also found that wind farms are not as vulnerable to earthquakes.

Suby Bhattacharya, Professor of Geomechanics at the University of Surrey's Department of Civil and Environmental Engineering, said:

"Wind power gives us plentiful clean energy -- now we know that it could also make other facilities safer and more reliable. The global review finds that greener really is cheaper -- thanks to falling construction costs and new ways to reduce wind turbines' ecological impact."

One of the report's starkest findings was that new wind farms can produce energy over twice as cheaply as new nuclear power stations.

The lifetime cost of generating wind power in the UK has fallen dramatically, from PS160/MWh to PS44/MWh. This includes all the costs of planning, building, operating and decommissioning the wind farm over its entire life.

By comparison, the UK Government agreed to pay PS92.50/MWh for energy produced at Hinkley Point C nuclear power station.

Professor Bhattacharya said:

"What makes wind so attractive is that the fuel is free -- and the cost of building turbines is falling. There is enough of it blowing around the world to power the planet 18 times over. Our report shows the industry is ironing out practical challenges and making this green power sustainable, too."

Although less power is generated in calmer conditions, the electricity generated could be stored in batteries -- as planned for the Ishikari project off the coast of Hokkaido, Japan. Or it could be used to produce hydrogen from seawater -- giving us the fuel of the future.
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Improved refrigeration could save nearly half of the 1.3 billion tons of food wasted each year globally | ScienceDaily
About a third of the food produced globally each year goes to waste, while approximately 800 million people suffer from hunger, according to the U.N.'s Food and Agriculture Organization.


						
A new University of Michigan study concludes that nearly half of the food waste, about 620 million metric tons, could be eliminated by fully refrigerated food supply chains worldwide.

At the same time, fully refrigerated supply chains, or "cold chains," could cut food waste-related emissions of climate-warming greenhouse gases by 41% globally, according to the study published online May 28 in the peer-reviewed journal Environmental Research Letters.

Sub-Saharan Africa and South and Southeast Asia have the greatest potential for reductions in both food losses and related emissions through increased cold-chain implementation, according to the study.

South and Southeast Asia could see a 45% reduction in food losses and a 54% decrease in associated emissions under an optimized refrigeration scenario. Sub-Saharan Africa has tremendous opportunities for both food loss (47%) and emissions (66%) reductions under optimized refrigeration conditions, the study shows.

And in many situations, developing more localized, less industrialized "farm-to-table" food supply chains may yield food savings comparable to optimized cold chains, according to the study.

"I was surprised to find the scale of our opportunity for reducing food loss and waste globally," said study lead author Aaron Friedman-Heiman, a master's student at U-M's School for Environment and Sustainability and Ross School of Business. "Approximately half of the roughly 1.3 billion tons of food that goes to waste annually can be solved through food supply-chain optimization."

The other author is Shelie Miller, a professor at U-M's School for Environment and Sustainability and at the College of Engineering.




Food losses produce an estimated 8% of human-caused greenhouse gas emissions. The new U-M study focuses on food losses in the post-harvest to retail stages of the food supply chain and does not address on-farm or at-home losses.

The study accounts for the greenhouse gases emitted during food production. It does not include emissions tied to refrigeration or other supply-chain operations and does not include emissions from food waste in landfills.

The study, funded in part by Carrier Global Corp., found that:
    	The greatest opportunity to improve food losses in less industrialized economies is the supply chain between the farm and the consumer. But in North America, Europe and other more industrialized regions, most food loss happens at the household level, so cold chain improvements would not have a major impact on total food losses.
    	Reinforcing previous research, the U-M study highlights the importance of meat-related food losses. While the amount of fruit and vegetable losses is much higher, by weight, throughout the world, the climate-related emissions associated with meat losses are consistently greater than those associated with any other food type -- due mainly to the high greenhouse gas intensity of meat production.
    	Unlike previous studies of this topic, the U-M researchers compared the benefits of globalized, technologically advanced food-supply chains with those of localized "farm-to-table" food systems. "Hyper-localized food systems resulted in lower food losses than optimized global, refrigerated supply chains," Friedman-Heiman said. "The results help quantify the value of maintaining and supporting local food chains."

For the study, the researchers built a food-loss estimation tool to assess how improved access to the cold chain could impact food loss and its associated greenhouse gas emissions for seven food types in seven regions. They used data from the U.N. Food and Agriculture Organization and other sources.

By modeling food losses at each stage of the supply chain, the study highlights where the cold chain can be optimized to reduce food losses and emissions. The researchers analyzed the effects of moving from the current state of inconsistent and variable-quality cold chains throughout the world to an optimized system, defined as one with high-quality refrigeration across all stages.

The study estimates that poor cold-chain infrastructure could be responsible for up to 620 million metric tons of global food loss annually, resulting in emissions of 1.8 billion tons of carbon dioxide equivalents, the equivalent of 28% of U.S. annual greenhouse gas emissions.




The researchers say their adaptable, easy-to-use tool will be of use to anyone involved in the food supply chain, including farmers, grocery retailers, government officials and nongovernmental organizations.

"Although cold chain infrastructure is rapidly increasing worldwide, an optimized cold chain will likely develop at different rates and in different ways across the globe," Miller said. "This analysis demonstrates that while increased refrigeration should lead to improvements in both food loss and greenhouse gas emissions associated with food loss, there are important tradeoffs associated with cold chain improvements by food type and region."

She said Investment decisions will need to be prioritized to maximize the desired outcomes and impacts. For example, if an NGO's top priority is ending hunger, then cold-chain upgrades that provide the greatest overall food-loss reductions may best meet that objective.

But organizations that prioritize climate action may choose to focus on reducing meat losses specifically, rather than total food losses.

The study found that meat accounts for more than 50% of food loss-related greenhouse gas emissions, despite accounting for less than 10% of global food losses by weight. Optimized refrigeration of meat could result in the elimination of more than 43% of emissions associated with meat loss, according to the study.

The researchers emphasize that the actual amount of greenhouse gas emissions savings will depend on the efficiency of cold-chain technologies and the carbon intensity of local electrical grids, since climate emissions associated with refrigeration can be significant.

The U-M study was supported by the U.S. National Science Foundation and by Carrier Global Corp., a global leader in intelligent climate and energy solutions.
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Pharmacists prove effective, less costly care option for minor illnesses | ScienceDaily
Greater use of pharmacists to treat minor illnesses could potentially save millions of dollars in health care costs, according to new research led by Washington State University. The findings also indicate a way to improve healthcare access by expanding availability of pharmacists' clinical services including prescribing medications, amid an ongoing shortage of primary care providers.


						
The study found that care for a range of minor health issues -- including urinary tract infections, shingles, animal bites and headaches -- costs an average of about $278 less when treated in pharmacies compared to patients with similar conditions treated at "traditional sites" of primary care, urgent care or emergency room settings. Follow-ups with pharmacy patients showed that almost all their illnesses had resolved after the initial visit with a pharmacist.

Notably, if all of the illnesses in the three-year study that were treated at a traditional site of care had been treated by community pharmacists, it would have saved an estimated $23 million in health care expenses.

"The findings show that pharmacists, especially in the outpatient community setting, are a viable solution to part of our patient access to care problem in our state and country," said lead author Julie Akers, a WSU pharmacy researcher. "Pharmacists are trained and qualified to do this work, and unfortunately in many settings, highly underutilized. And they could have a huge impact on how fast patients access care, which can minimize the complexity and the progression of their condition."

For this study, published in the journal ClinicoEconomics and Outcomes Research, Akers' research team analyzed data of nearly 500 patients who received care from 175 pharmacists at 46 pharmacies across the state of Washington from 2016 to 2019. The team also followed up with the patients 30 days after their pharmacy visits to assess treatment effectiveness. They then compared these cases with insurance data of patients from the same time period with conditions of the same type and level who had sought care at a doctor's office, urgent care facility or emergency room.

The researchers found that for almost every minor illness in the study, pharmacy care was not only effective but cost much less, sometimes dramatically so. For instance, the study found that for an uncomplicated case of urinary tract infection, normally treated with antibiotics, a first visit to an emergency room cost on average $963, a primary care physician's office, $121 -- at the pharmacy, the average was $30.

The study was conducted by a team of pharmacy researchers in coordination with an advisory board of physicians. The findings highlight the advantages of expanding the physician-pharmacist collaboration that allows some pharmacists to directly prescribe medications.




Washington state was the first in the nation to enact the "prescribing authority" in 1979 which enables a licensed prescriber such as a physician to delegate a pharmacist to prescribe and administer certain drugs.

As part of their education, pharmacists are trained in clinical evaluation of common illnesses, and as Akers pointed out, they already regularly make recommendations for conditions that can be treated with over-the-counter medications. The prescribing authority allows them to take their current practice to the next level if over-the-counter medicines are not enough.

Pharmacists also often refer patients to different providers for conditions that are complex, need further testing or cannot be resolved through medication alone. For less serious conditions, this study shows that pharmacists with prescribing authority can help fill a gap in care, especially in rural areas or at times of the day when there are few options available, Akers said.

"We've seen over time, more and more patients struggle to get access to care," she said. "Over the past couple of decades, we've seen inappropriate use of urgent cares and emergency departments for things that really didn't need go to that level of service."

There is more work to do to be able to expand this treatment at pharmacies, Akers added. This includes creating greater public awareness, so people expect this type of service at pharmacies as they now do with vaccinations. Pharmacies also need to address the financial sustainability of providing these expanded patient care services, and Akers hopes the team's next project will involve helping pharmacies transition to medical billing, which could greatly increase access to care for patients without the ability to pay out of pocket for care.

The current study was supported by a grant from the National Association of Chain Drug Stores Foundation. Additional co-authors include Jennifer Miller, Linda MacLean, Bidisha Mandal and Clark Hogan of WSU as well as Brandy Seignemartin of Idaho State University.
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'Lean In' messages can lower women's motivation to protest gender inequality | ScienceDaily
Women in leadership are often told to "Lean In," designed to be motivational messaging demonstrating that they are more confident, strategic and resilient to setback. However, new research indicates that such "lean in" messaging can hinder women's motivation to protest gender equality.


						
Popularised in a book by American technology executive Sherly Sandberg, the "Lean In" solution to gender inequality advises women that demonstrating personal resilience and perseverance in the face of setbacks is key to career advancement. Now, a new study led by the University of Exeter, Bath Spa University and the Australian National University has found that while such messages may provide inspiration for some, they can also reduce women's likelihood to protest gender discrimination. This effect could actually be hindering gender equality progress.

Published in Psychology of Women Quarterly, the study involved four experiments, Researchers examined women's motivation to protest gender inequality after exposure to "Lean In" messages promoting individual resilience. All the experiments were in the UK and involved more than 1,100 women who were either undergraduate students or employed women with university degrees. Women read about gender inequality, and then either read about resilience as key to promoting advancement (in line with "lean in" messaging), or participated in activities to build their own resilience by learning how to set flexible goals and maintain confidence.

The research found:
    	In three of four experiments, women in "Lean In" conditions were less willing to be part of protest action over gender inequality compared to those in a control condition who were not exposed to "Lean In" messages.
    	In two of the experiments, this effect occurred because women in "Lean In" conditions were less likely to believe that gender discrimination would affect their career prospects.
    	In one, this effect occurred because women in "Lean In" conditions also felt less angry about ongoing gender inequality.

Authors say the findings of this research highlight an unintended consequence of 'Lean In' messages and related individual resilience training for women that is offered as a remedy for gender inequality in the workplace -- that it can undermine women's recognition of, and willingness to protest about, the root causes of gender inequality: discrimination.

Lead author, Dr Renata Bongiorno, who conducted the studies while at the University of Exeter and is now Senior Lecturer in Psychology at Bath Spa University, said: "The popularity of the 'Lean In' movement speaks to the challenges women continue to face due to gender discrimination in the workplace.

"Women are understandably looking for ways to advance their careers despite the disproportionate setbacks they continue to experience compared to men.




"While the 'Lean In' solution offered by Sheryl Sandberg can feel empowering, a lack of individual resilience or perseverance is not the cause of women's poorer career progress.

"The messages lead to women assuming that gender discrimination will be less of a barrier to their career advancement. This false belief is concerning for progress because it is reducing women's willingness to protest the real causes of gender inequality.

"Progress and gains for women have historically been achieved through collective protest over gender discriminatory practices and policies, including pregnancy discrimination, a lack of affordable childcare, and workplace sexual harassment.

"Finding ways to effectively challenge these ongoing barriers should be a focus for feminism because they are the real causes of gender inequality in career outcomes."
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Close to 1 in 2 surveyed say they would use air taxis in the future | ScienceDaily
A study by researchers from Nanyang Technological University, Singapore (NTU Singapore) has found that Singaporeans are open to ride air taxis, which are small autonomous aircraft that carry passengers over short distances. Through a study of 1,002 participants, the NTU Singapore team found that almost half (45.7 per cent) say they intend to use this mode of transport when it becomes available, with over one-third (36.2 per cent) planning to do so regularly.


						
According to the findings published online in the journal Technology in Society in April, the intention to take autonomous air taxis is associated with factors such as trust in the AI technology deployed in air taxis, hedonic motivation (the fun or pleasure derived from using technology), performance expectancy (the degree to which users expect that using the system will benefit them), and news media attention (the amount of attention paid to news about air taxis).

Air taxis and autonomous drone services are close to becoming a reality: China's aviation authority issued its first safety approval certification last year to a Chinese drone maker for trial operations, and in Europe, authorities are working to certify air taxis safe to serve passengers at the Paris Olympics this year.

For Singapore, which is looking to become a base for air taxi companies1, the study findings could help the sector achieve lift-off, said the research team from NTU's Wee Kim Wee School of Communication and Information (WKWSCI) led by Professor Shirley Ho. Professor Ho, who is also NTU's Associate Vice President for Humanities, Social Sciences & Research Communication, said: "Even though air taxis have yet to be deployed in Singapore, close to half of those surveyed said they would be keen to take one. Singapore aims to become base for air taxi firms[1]; CAAS working with regional counterparts on guidelines, CNA 2 air taxis in the future. This signifies a positive step forward for a nascent technology. Our study represents a significant step forward in understanding the factors that influence one's intention to take air taxis. Insights into the public perception of air taxis will enable policymakers and tech developers to design targeted interventions that encourage air taxi use as they look to build up an air taxi industry in Singapore."

The study aligns with NTU's goal of pursuing research aligned with national priorities and with the potential for significant intellectual and societal impact, as articulated in the NTU 2025 five-year strategic plan.

How the study was conducted 

To gauge the public perception of air taxis, the NTU WKWSCI team surveyed 1,002 Singaporeans and permanent residents, drawing on a validated model[2] that measures technology acceptance and use and the factors driving this behaviour.




Participants were asked to score on a five-point scale in response to various statements about factors such as their trust in the AI system used in air taxis, their attention to news reports on air taxis, their perceived ease of use and usefulness of air taxis, as well as their attitudes and intention to take air taxis in the future.

The scores for each participant were then tabulated and used in statistical analyses to find out how these factors related to the participant's intention to take air taxis.

"Generally positive" sentiment about air taxis

Upon tabulating the scores, the researchers found that sentiments around air taxis are generally positive among the participants. Almost half (45.7 per cent) said they intend to use this mode of transport when it becomes available. Close to four in 10 (36.2 per cent) said they plan to do so regularly.

Close to six in 10 (57 per cent) thought taking air taxis would be fun, and 53 per cent said they were excited about taking air taxis.

Six in 10 (60.9 per cent) agreed that taking air taxis would help to get things done more quickly, and 61.2 per cent believed that it would increase productivity.




Half the participants also trusted the competency of the AI technology used in air taxis, and the AI engineers building the technology. Five in 10 (52.9 per cent) agreed that the AI system in air taxis would be competent and effective at helping to transport people.

Factors that predict air taxi use

Upon conducting statistical analyses on the survey data, the researchers found that the following factors directly impacted participants' intention to take air taxis:
    	news media attention;
    	trust in the AI system used in air taxis;
    	attitude towards air taxis;
    	performance expectancy;
    	hedonic motivation;
    	price value;
    	social influence;
    	habit (the perception that taking air taxis could become a habit).

These findings suggest that when Singaporeans consider whether they would use autonomous air taxis, not only do they value the practical aspects of the technology, but also how much they can trust the AI system, said NTU WKWSCI's PhD student Justin Cheung, a co-author of the study.

Surprisingly, habit was the most robust predictor of people's intention to use air taxis, despite the relatively smaller number of participants who agreed that taking the vehicles would become a habit for them, he said. This suggests that while the user base for autonomous passenger drones may be small, it could be a loyal one, he added.

Another robust predictor of use intention was attention to news media. In addition, the researchers found that news media attention could shape intentions to use air taxis and attitudes towards them by influencing trust in the AI systems, as well as the engineers who develop the AI systems behind air taxis.

Prof Ho said: "When technologies are yet to be deployed in the public sphere, news media offers the main and, in many instances, the only source of information for members of the public. Our findings suggest that policymakers could leverage positive news media reporting when introducing air taxis to shape public perceptions and thereby use intention."

Credibility affects trust in media reports on AI technology

These findings build on a study authored by Prof Ho and WKWSCI research fellow Goh Tong Jee. Published online in journal Science Communication in May, the study identified considerations that could affect the public's trust in media organisations, policymakers and tech developers that introduce AI in autonomous vehicles (AVs).

Through six focus group discussions with 56 drivers and non-drivers, the researchers found that media credibility is a foundation upon which the public would evaluate the trustworthiness of media organisations.

The focus group discussion participants said they would consider qualities such as balance, comprehensiveness, persuasiveness and objectivity of media organisations when assessing their ability to create quality content.

The researchers also found that non-drivers raised more qualities than drivers regarding trust in media organisations. The researchers attributed this observation to the enthusiasm non-drivers could have over the prospective use of AVs, which drove the non-drivers' tendency to seek information.

Some qualities raised only by non-drivers during the focus group discussions include a media organisation's ability to spur discussions on whether AV is a need or a want. Another consideration is a media organisation's ability to create varied content.

Non-drivers also shared their expectations that media organisations should be transparent and reveal "unflattering" information in the public's interest during crises, even if it means affecting the reputation of policymakers or tech developers.

The findings from these two studies reaffirm the need for accurate and balanced reporting on AVs such as air taxis, due to the role news media can play in shaping public perception, and the public's expectations of media organisations, said Prof Ho.

Prof Ho added: "The two studies highlight the importance for media organisations to translate emerging scientific evidence accurately to facilitate informed decision-making. Given the speed at which innovative technologies emerge in the age of digitalisation, accurate science communication has never been more crucial."

Notes;

[1]Singapore aims to become base for air taxi firms; CAAS working with regional counterparts on guidelines, CNA

[2] This model, called the Unified Theory of Acceptance and Use of Technology 2, is a validated technology acceptance model that aims to explain user intentions to use an information system and subsequent usage behaviour.
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Stress bragging may make you seem less competent, less likable at work | ScienceDaily
While work is occasionally stressful for everyone, some people wear stress as a badge of honor. They're taking one for the team and want to tell you all about it.


						
New research from the University of Georgia Terry College of Business found people who brag about their stress levels are seen as less competent and less likable by their co-workers.

"This is a behavior we've all seen, and we all might be guilty of at some point," said Jessica Rodell, lead author of the study and a professor of management in UGA's Terry College of Business. "When I was wondering about why people do this, I thought maybe we are talking about our stress because we want to prove we're good enough. We found out that often backfires."

In an initial survey, 360 participants compared statements from imaginary co-workers who just returned from a conference. Participants rated their imaginary co-worker on likability, competence and the likelihood they would help the co-worker at work.

In the survey, the stress-bragging colleague described the conference as "just one more thing on my full plate. And I was already stressed to the max ... you have no idea the stress that I am under."

Participants rated that person as significantly less likable and less competent than someone who said work had been stressful or who just talked about how great the conference was. Participants also said they would be less likely to help the complaining co-worker if they were overburdened at work.

"People are harming themselves by doing this thing they think is going to make them look better to their colleagues," Rodell said.




Rodell's team found similar results when surveying an additional 218 real-life employees about their experiences with stress braggarts. But the researchers also found employees with co-workers who stress brag often reported higher levels of personal stress and burnout.

Bragging about stress creates the perception that chronic high-stress levels are an expected and normal part of the work culture, Rodell said.

"When somebody is constantly talking about and bragging about their stress, it makes it seem like it is a good thing to be stressed," Rodell said. "It just spills over onto the co-worker next to them. They wind up feeling more stressed, which leads to higher burnout or withdrawal from their work. Think of it as this spiraling contagious effect from one person to the next."

Equally important, Rodell said, was what they didn't find. People who discussed their stress levels in passing or employees perceived as being stressed didn't generate the same ill will from their coworkers. And they didn't stress their co-workers out.

"It's not the being stressed part that's a problem," she said. "We found that if I perceive you as stressed, I actually see you as more competent."

The takeaway for employees is to think twice before boasting about their heavy workload or overloaded schedule, Rodell said.

"If you genuinely feel stressed, it's OK to find the right confidant to share with and talk about it," she said. "But be mindful that it is not a badge of honor to be bragged about -- that will backfire.

It might be more important for managers to recognize the behavior, Rodell said.

"It's not benign," she added. "It not only harms the bragging co-worker. If employees see somebody bragging about their stress, it will have a spillover effect that can have bigger implications for the workplace."
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AI poised to usher in new level of concierge services to the public | ScienceDaily
Concierge services built on artificial intelligence have the potential to improve how hotels and other service businesses interact with customers, a new paper suggests.


						
In the first work to introduce the concept, researchers have outlined the role an AI concierge, a technologically advanced assistant, may play in various areas of the service sector as well as the different forms such a helper might embody.

Their paper envisions a virtual caretaker that, by combining natural language processing, behavioral data and predictive analytics, would anticipate a customer's needs, suggest certain actions, and automate routine tasks without having to be explicitly commanded to do so.

Though such a skilled assistant is still years away, Stephanie Liu, lead author of the paper and an associate professor of hospitality management at The Ohio State University, and her colleagues drew insight from several contemporary fields, including service management, psychology, human-computer interaction and ethics research, to detail what opportunities and challenges might arise from having an AI concierge manage human encounters.

"The traditional service industry uses concierges for high-end clients, meaning that only a few people have access to them," Liu said. "Now with the assistance of AI technology, everybody can have access to a concierge providing superior experiences."

On that premise, the benefits of incorporating AI into customer service are twofold: It would allow companies to offer around-the-clock availability and consistency in their operations as well as improve how individuals engage with professional service organizations, she said.

Moreover, as the younger workforce gravitates to more tech-oriented jobs and global travel becomes more common, generative AI could be an apt solution to deal with the escalating demands of evolving hospitality trends, said Liu.




"The development of AI technology for hotels, restaurants, health care, retail and tourism has a lot of potential," she said.

The paper was published recently in the Journal of Service Management.

Despite the social and economic benefits associated with implementing such machines, how effective AI concierges may be at completing a task is dependent on both the specific situation and the type of interface consumers use, said Liu.

There are four primary forms a smart aide might take, each with distinctive attributes that would provide consumers with different levels of convenience, according to Liu.

The first type is a dialogue interface that uses only text or speech to communicate, such as ChatGPT, a conversational agent often used to make inquiries and garner real-time assistance. Many of these interactive devices are already used in hotels and medical buildings for contactless booking or to connect consumers with other services and resources.

The second is a virtual avatar that employs a vivid digital appearance and a fully formed persona to foster a deeper emotional connection with the consumer. This method is often utilized for telehealth consultations and online learning programs.




The third iteration is a holographic projection wherein a simulated 3D image is brought into the physical world. According to the paper, this is ideally suited for scenarios where the visual impact is desired, but physical assistance itself is not necessary.

The paper rounds out the list by suggesting an AI concierge that would present as a tangible, or touchable robot. This form would offer the most human-like sensory experiences and would likely be able to execute multiple physical tasks, like transporting heavy luggage.

Some international companies have already developed these cutting-edge tools for use in a limited capacity. One robotic concierge, known as Sam, was designed to aid those in senior living communities by helping them check in, make fall risk assessments and support staff with non-medical tasks. Another deployed at South Korea's Incheon International Airport helped consumers navigate paths to their destination and offered premier shopping and dining recommendations.

Yet as advanced computing algorithms become more intertwined in our daily lives, industry experts will likely have to consider consumer privacy concerns when deciding when and where to implement these AI systems. One way to deal with these issues would be to create the AI concierge with limited memory or other safewalls to protect stored personal data, such as identity and financial information, said Liu.

"Different companies are at different stages with this technology," said Liu. "Some have robots that can detect customers' emotions or take biometric inputs and others have really basic ones. It opens up a totally different level of service that we have to think critically about."

What's more, the paper notes that having a diversity of concierge options available for consumers to choose from is also advantageous from a mental health standpoint.

Because AI is viewed as having less agency than their human counterparts, it might help mitigate psychologically uncomfortable service situations that could arise because of how consumers feel they might be perceived by a human concierge. This reduced apprehension regarding the opinion of a machine may encourage heightened comfort levels and result in more favorable responses about the success of the AI concierge, said Liu.

Ultimately, there's still much multidisciplinary testing to be done to ensure these technologies can be applied in a widespread and equitable manner. Liu adds that future research should seek to determine how certain design elements, such as the perceived gender, ethnicity or voice of these robotic assistants, would impact overall consumer satisfaction.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Chicken feathers to deliver chemotherapy drugs and repair enzymes
        A new method of drug delivery using proline, an amino acid found in chicken feathers and skin tissue, could be used to limit the side effects of chemotherapy and repair important enzymes, new research suggests.

      

      
        Acute sense of touch helps hummingbirds hover near a flower without bumping into it
        Hummingbird flight mechanics have been well studied but far less is known about how their sense of touch helps them sip nectar from a flower without bumping into it. Most of what scientists know about how touch is processed in the brain comes from studies on mammals, but bird brains are very different from mammal brains. New research shows that touch and air pressure on the wings and legs activate specific clusters of neurons in two regions of the forebrain to create a map of their body, which ma...

      

      
        Moon orbiting 'dinky' asteroid is actually two tiny moons stuck together
        The moon orbiting the asteroid Dinkinesh is actually two tiny moons stuck together. Collectively called 'Selam,' the two moonlets bring new insight into the complex processes behind planetary formation and evolution.

      

      
        The case of the missing black holes
        Researchers have applied the well-understood and highly verified quantum field theory, usually applied to the study of the very small, to a new target, the early universe. Their exploration led to the conclusion that there ought to be far fewer miniature black holes than most models suggest, though observations to confirm this should soon be possible. The specific kind of black hole in question could be a contender for dark matter.

      

      
        Electrochromic films -- like sunglasses for your windows?
        Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red...

      

      
        Orchids support seedlings through 'parental nurture' via shared underground fungal networks
        Orchid plants nurture their seedlings via an underground fungal network, new research has revealed.

      

      
        Public have no difficulty getting to grips with an extra thumb, study finds
        Researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects. The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

      

      
        Why do Dyeing poison frogs tap dance?
        The toe tapping behavior of various amphibians has long attracted attention from researchers and pet owners. Despite being widely documented, the underlying functional role is poorly understood. In a new paper, researchers demonstrate that Dyeing poison frogs modulate their taps based on specific stimuli.

      

      
        What are the risks of hydrogen vehicles in tunnels?
        A team has analyzed the risk and damage potential of hydrogen vehicles in tunnels and derived recommendations. Their conclusion? Any damage would be extensive, but its occurrence is unlikely.

      

      
        How killifish embryos use suspended animation to survive over 8 months of drought
        The African turquoise killifish lives in ephemeral ponds in Zimbabwe and Mozambique. To survive the annual dry season, the fish's embryos enter a state of extreme suspended animation or 'diapause' for approximately 8 months. Now, researchers have uncovered the mechanisms that enabled the killifish to evolve this extreme survival state.

      

      
        Close to 1 in 2 surveyed say they would use air taxis in the future
        Through a study of 1,002 participants, scientists have found that almost half (45.7 per cent) say they intend to use air taxis when they become available, with over one-third (36.2 per cent) planning to do so regularly. According to the findings, the intention to take autonomous air taxis is associated with factors such as trust in the AI technology deployed in air taxis, hedonic motivation (the fun or pleasure derived from using technology), performance expectancy (the degree to which users expe...

      

      
        Florida fossil porcupine solves a prickly dilemma 10-million years in the making
        An exceptionally rare fossilized porcupine skeleton discovered in Florida has allowed researchers to trace the evolutionary history for one of North America's rarest mammals.

      

      
        Echidnapus identified from an 'Age of Monotremes'
        Australian researchers have found evidence of the oldest known platypus and a new species, dubbed 'echidnapus', which has a platypus-like anatomy alongside features that more closely resemble an echidna.

      

      
        AI headphones let wearer listen to a single person in a crowd, by looking at them just once
        Engineers have developed an artificial intelligence system that lets someone wearing headphones look at a person speaking for three to five seconds to 'enroll' them. The system then plays just the enrolled speaker's voice in real time, even as the pair move around in noisy environments.

      

      
        Entomologist sheds light on 250-year-old mystery of the German cockroach
        Entomologists have solved the 250-year-old origin puzzle of the most prevalent indoor urban pest insect on the planet: the German cockroach. The team's research findings, representing the genomic analyses of over 280 specimens from 17 countries and six continents, show that this species evolved some 2,100 years ago from an outdoor-living species in Asia.

      

      
        Caterpillars can detect their predators by the static electricity they emit
        Caterpillars respond defensively to electric fields similar to those emitted by their natural predators, scientists have found.

      

      
        Imperceptible sensors made from 'electronic spider silk' can be printed directly on human skin
        Researchers have developed a method to make adaptive and eco-friendly sensors that can be directly and imperceptibly printed onto a wide range of biological surfaces, whether that's a finger or a flower petal.

      

      
        Key role of plant-bacteria communication for the assembly of a healthy plant microbiome supporting sustainable plant nutrition
        In an interdisciplinary study, researchers discovered that symbiotic bacteria communicate with legume plants through specific molecules and that this communication influences which bacteria grow near the plant roots. The findings provide insights into how plants and soil bacteria form beneficial partnerships for nutrient uptake and resilience. These results are a step towards understanding how communication between plants and soil bacteria can lead to specific beneficial associations providing pl...

      

      
        Birth of universe's earliest galaxies observed for first time
        Researchers have now seen the formation of three of the earliest galaxies in the universe, more than 13 billion years ago. The sensational discovery contributes important knowledge about the universe.

      

      
        Psychedelic drug-induced hyperconnectivity in the brain helps clarify altered subjective experiences
        A new study shows that the use of psilocybin, a compound found in the widely known 'magic mushrooms,' initiates a pattern of hyperconnectivity in the brain linked to the ego-modifying effects and feelings of oceanic boundlessness. The findings help explain the so-called mystical experiences people report during the use of psychedelics and are pertinent to the psychotherapeutic applications of psychedelic drugs to treat psychiatric disorders such as depression.
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Chicken feathers to deliver chemotherapy drugs and repair enzymes | ScienceDaily
A new method of drug delivery using proline, an amino acid found in chicken feathers and skin tissue, could be used to limit the side effects of chemotherapy and repair important enzymes, new research suggests.


						
Published in the journal Chem, researchers have designed a cage (a box made of single molecules) from biologically compatible peptides, short amino acids that form the basis of proteins. These cages can house drugs of different sizes and transport them in the body with high levels of precision.

The negative side effects associated with chemotherapy, such as hair loss and nerve damage, are a result of 'off-site toxicity', where the treatment kills healthy cells surrounding tumours as well as the tumour itself. By creating a nano-sized cage to house the drug and carry it into the tumour before releasing it, this effect can be channelled more directly to the tumour, shielding healthy cells.

The cage can be tuned to different sizes, enabling different payloads of drugs. This flexible structure allows for chemotherapy drugs, antibiotics, and antivirals to potentially be delivered. Previously, cages of this kind could only be made using hydrocarbon molecules found in tar, which can often be toxic to humans.

This structure, researchers believe, also opens the door for faulty enzymes to be replaced within the body, which has previously not been possible. Historically, enzymes, which are composed of proteins and perform important functions in the body, could only have their activities blocked by drugs. The blocking of this functionality would then have an impact in the body, like reducing inflammation. Now, the cages could replace this function which may lay the groundwork for a new form of treatment.

Principal author Dr Charlie McTernan, Lecturer in Chemistry at King's College London and Group Leader at the Francis Crick Institute, said "What we've created is essentially a biologically compatible molecular teabag. We can fill this teabag, or cage made from widely available proline and collagen, with several different medicines and deliver them in a much more targeted way than we could before."

"In time, we hope that this could mean that we can limit the hair loss, nausea, and other unpleasant side effects of chemotherapy. We might even be able to repair malfunctioning enzymes that have an influence on the development of cancer. The best part is we can do this sustainably and at scale."

Proline is very straight and rigid in shape, while also being soluble in water, which makes it uniquely suited for drug delivery, as water makes up roughly 60% of the human body. By binding the peptide to small amounts of metal such as palladium, the researchers could create a tuneable structure they could rapidly increase or decrease in size.

As proline and collagen are widely available and don't rely on chains of hydrocarbons like previous methods, the team hope to sustainably scale up their current production in the lab.
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Acute sense of touch helps hummingbirds hover near a flower without bumping into it | ScienceDaily
Hummingbirds seem like a marvel of nature and engineering: a living creature that can hover near a flower with surgical precision. How do they do this?


						
Though hummingbirds' flight mechanics have been well studied, far less is known about how their sense of touch helps these tiny, energetic birds sip nectar from a flower without bumping into it. Most of what scientists know about how touch is processed in the brain comes from studies on mammals, but bird brains are very different from mammal brains.

UCLA-led research published in Current Biology shows that hummingbirds create a 3D map of their body when neurons in two specific spots of the forebrain fire -- as gusts of air touch feathers on the leading edge of their wings and skin of their legs. Receptors on their bill, face and head also work toward this end. The air pressure's intensity, influenced by factors including proximity to an object, is picked up by nerve cells at the base of the feathers and in the leg skin and transmitted to the brain, which gauges the body's orientation relative to an object.

Zebra finches, also studied by the researchers, have the same general organization with slightly less sensitivity in some areas than hummingbirds, suggesting that these areas help with highly specialized hummingbird flight dynamics. The work adds to knowledge of how animals perceive and navigate in their worlds and can help identify ways to treat them more humanely.

Humans produce a tactile map of the body that progresses from the toes at the center of the brain, down to the legs, back and a much larger area that represents touch to the face and hands. These areas, used for touching and touch tasks, are enlarged in the human brain.

"In mammals, we know that touch is processed across the outer surface of the forebrain in the cortex," said Duncan Leitch, corresponding author and a professor of integrative biology at UCLA. "But birds have a brain without a layered cortex structure, so it was a wide-open question how touch is represented in their brains. We showed exactly where different kinds of touch activate specific neurons in these regions and how touch is organized in their forebrains."

Previous studies in which birds were injected with dye showed their brains have one region in the forebrain to process touch to the face and head, and one for touch anywhere else on the body. In owls, for example, touch centers that typically correspond to face touch are devoted solely to talons. But since hummingbirds live very different lives than owls, it didn't seem likely this would hold true for them.




Leitch and co-authors at Royal Veterinary College and the University of British Columbia were able to observe neurons firing in real time by placing electrodes on hummingbirds and finches, and touching them gently with cotton swabs or puffs of air. A computer amplified the signals from the electrodes and converted them to sound for easier analysis.

The experiments confirmed that touch for the head and body is mapped in different regions of the forebrain and showed for the first time that air pressure activates specific clusters of neurons in these regions. Examination of the wings showed a network of nerve cells that likely sent a signal to the brain when activated by puffs of air on the feathers.

The researchers found particularly large clusters of brain cells that reacted to stimulation of the edges of wings, which they think help the birds adjust flight in a nuanced way. They also discovered that the feet are acutely sensitive to touch and this touch had a large representation in the brain, presumably to help with perching. The researchers speculate these areas may be even larger in parrots and other birds that use their feet to grasp and move objects.

In their study, the researchers identified receptive fields on the birds, in which a touch would trigger a neuron to fire. In hummingbirds, some of these fields -- especially on the bill, face and head -- were very small, meaning they could sense the lightest touch. Zebra finches had the same but larger receptive fields, suggesting these regions in finches are not quite as sensitive and  probably of greater relevance to hummingbirds that rely on constant, steady precision flight.

"Hummingbirds were often reacting to the slightest thresholds we could give them," Leitch said.

Learning more about how diverse animals map touch across their body could lead to advances in technologies that use sensors to move about or perform a task, such as prosthetic limbs or autonomous devices. But improvements to animal welfare are perhaps a more immediate outcome of the research.

"If we can understand how animals perceive their sense of touch, we can develop practices that are less disturbing to them," Leitch said.
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Moon orbiting 'dinky' asteroid is actually two tiny moons stuck together | ScienceDaily
When NASA's Lucy spacecraft flew past its first official target Dinkinesh in November 2023, researchers discovered that the asteroid -- known as "Dinky" -- was not alone in space. A satellite asteroid, which the team named "Selam," was orbiting Dinky. As Lucy sent more data back to Earth, the researchers discovered something surprising: Selam was not just one moon, it was a contact binary -- or two moons melded together.


						
The Lucy team, which includes University of Maryland Professor of Astronomy and Geology Jessica Sunshine, detailed the unexpected finding in a paper published in the journal Nature on May 29, 2024. The researchers noted that the unusual arrangement challenges existing theories about how asteroids and other celestial bodies formed over time and provides additional insight into the internal structure, dynamics and evolutionary history of both Dinky and Selam.

"There's a lot more complexity in these small bodies than we originally thought," said Sunshine, a co-author of the paper. "With the additional observations taken by the spacecraft, we were able to better analyze features such as Dinkinesh's rotation speed and Selam's orbit pattern. We also have a better understanding of what materials they're possibly made of, bringing us a step closer to learning just how terrestrial bodies are created."

Images taken by the Lucy spacecraft revealed a trough on Dinkinesh where about a quarter of the asteroid broke off from its main body, a ridge that formed after the asteroid's structural failure and the contact binary now known as Selam (which was named after the child counterpart of the Lucy hominin fossil discovered in 1974). The team theorized that Dinky's fast spinning motion -- boosted by the uneven reflection of sunlight off the asteroid's surface -- caused it to shed and eject rocky debris into orbit. Some of the debris could have aggregated to form Selam, while another portion of the fragments rained back down on Dinky as boulders and created the ridges photographed by the Lucy spacecraft.

"One of the things that's critical to understanding how planets like Earth got here is understanding how objects behave when they hit each other, and to understand that we need to understand their strength," said lead scientist Hal Levison of Southwest Research Institute, Boulder, Colorado, principal investigator for the Lucy mission. "Basically, the planets formed when [smaller objects like asteroids] orbiting the Sun ran into each other. Whether objects break apart when they hit or stick together has a lot to do with their strength and internal structure."

The team deduced that Dinky likely had some internal strength, which allowed it to maintain most of its form.

Just how Dinky's unusual dual moons formed remains a mystery, but Sunshine said that the team's findings open the door to comparative studies with similar celestial bodies.




"I'm personally very excited to compare the Didymos binary system with this one, especially as they appear to share many similarities such as size, general shape and possibly composition despite being in totally different parts of the solar system," explained Sunshine, who was also on NASA's DART research team and helped detail the DART spacecraft's successful deflection of Didymos' small moon called Dimorphos.

"The Didymos binary system is located in a near-Earth environment while the Dinkinesh system is located much farther away from Earth in the main asteroid belt," she added. "They have very different features but we think they may have undergone similar processes to become what we know of them today."

Dinkinesh and its satellite are the first two of 11 asteroids that Lucy plans to explore over its 12-year journey. After skimming the inner edge of the main asteroid belt, Lucy heads back toward Earth for a gravity assist in December 2024. That close flyby will propel the spacecraft back through the main asteroid belt, where it will observe asteroid Donaldjohanson in April 2025, and then move on to observe the Trojan asteroids in 2027.

"Our ultimate goal is to understand the formation of celestial bodies," Sunshine said. "How do planets form? How was Earth formed? We know that big planets are formed by smaller bodies, so studying these little asteroids lets us see how materials behave and interact on a smaller scale. With Dinky and the other asteroids we're flying by, we're laying the groundwork for understanding how planets are made."
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The case of the missing black holes | ScienceDaily
Researchers at the Research Center for the Early Universe (RESCEU) and Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU, WPI) at the University of Tokyo have applied the well-understood and highly verified quantum field theory, usually applied to the study of the very small, to a new target, the early universe. Their exploration led to the conclusion that there ought to be far fewer miniature black holes than most models suggest, though observations to confirm this should soon be possible. The specific kind of black hole in question could be a contender for dark matter.


						
The study of the universe can be a daunting thing, so let's make sure we're all on the same page. Though details are fuzzy, the general consensus amongst physicists is that the universe is about 13.8 billion years old, began with a bang, expanded rapidly in a period called inflation, and somewhere along the line went from being homogenous to containing detail and structure. Most of the universe is empty, but despite this, it appears to be significantly heavier than can be explained by what we can see -- we call this discrepancy dark matter, and no one knows what this might be, but evidence is building that it might be black holes, specifically old ones.

"We call them primordial black holes (PBH), and many researchers feel they are a strong candidate for dark matter, but there would need to be plenty of them to satisfy that theory," said graduate student Jason Kristiano. "They are interesting for other reasons too, as since the recent innovation of gravitational wave astronomy, there have been discoveries of binary black hole mergers, which can be explained if PBHs exist in large numbers. But despite these strong reasons for their expected abundance, we have not seen any directly, and now we have a model which should explain why this is the case."

Kristiano and his supervisor, Professor Jun'ichi Yokoyama, presently the director of Kavli IPMU and RESCEU, have extensively explored the various models for PBH formation, but found that the leading contenders do not align with actual observations of the cosmic microwave background (CMB), which is sort of like a leftover fingerprint from the Big Bang explosion marking the beginning of the universe. And if something disagrees with solid observations, it either cannot be true or can only paint part of a picture at best. In this case, the team used a novel approach to correct the leading model of PBH formation from cosmic inflation so it better aligns with current observations and could be further verified with upcoming observations by terrestrial gravitational wave observatories around the world.

"At the beginning, the universe was incredibly small, much smaller than the size of a single atom. Cosmic inflation rapidly expanded that by 25 orders of magnitude. At that time, waves traveling through this tiny space could have had relatively large amplitudes but very short wavelengths. What we have found is that these tiny but strong waves can translate to otherwise inexplicable amplification of much longer waves we see in the present CMB," said Yokoyama. "We believe this is due to occasional instances of coherence between these early short waves, which can be explained using quantum field theory, the most robust theory we have to describe everyday phenomena such as photons or electrons. While individual short waves would be relatively powerless, coherent groups would have the power to reshape waves much larger than themselves. This is a rare instance of where a theory of something at one extreme scale seems to explain something at the opposite end of the scale."

If, as Kristiano and Yokoyama suggest, early small-scale fluctuations in the universe do affect some of the larger-scale fluctuations we see in the CMB, it might alter the standard explanation of coarse structures in the universe. But also, given we can use measurements of wavelengths in the CMB to effectively constrain the extent of corresponding wavelengths in the early universe, it necessarily constrains any other phenomena that might rely on these shorter, stronger wavelengths. And this is where the PBHs come back in.

"It is widely believed that the collapse of short but strong wavelengths in the early universe is what creates primordial black holes," said Kristiano. "Our study suggests there should be far fewer PBHs than would be needed if they are indeed a strong candidate for dark matter or gravitational wave events."

At the time of writing, the world's gravitational wave observatories, LIGO in the U.S., Virgo in Italy and KAGRA in Japan, are in the midst of an observation mission which aims to observe the first small black holes, likely PBHs. In any case, the results should offer the team solid evidence to help them refine their theory further.
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Electrochromic films -- like sunglasses for your windows? | ScienceDaily
Advances in electrochromic coatings may bring us closer to environmentally friendly ways to keep inside spaces cool. Like eyeglasses that darken to provide sun protection, the optical properties of these transparent films can be tuned with electricity to block out solar heat and light. Now, researchers in ACS Energy Letters report demonstrating a new electrochromic film design based on metal-organic frameworks (MOFs) that quickly and reliably switch from transparent to glare-diminishing green to thermal-insulating red.


						
Hongbo Xu and colleagues used MOFs in their electrochromic film because of the crystalline substances' abilities to form thin films with pore sizes that can be customized by changing the length of the organic ligand that binds to the metal ion. These features enable improved current flow, more precise control over colors and durability. In demonstrations, Xu's MOF electrochromic film took 2 seconds to switch from colorless to green with an electric potential of 0.8 volts, and 2 seconds to switch to dark red with 1.6 V. The film maintained the green or red color for 40 hours when the potential dropped, unless a reverse voltage was applied to return the film to its transparent state. The film also performed reliably through 4,500 cycles of switching from colored to clear. With further optimization, the researchers say their tunable coatings could be used in smart windows that regulate indoor temperatures, as well as in smaller scale intelligent optical devices and sensors.

In addition to Xu's MOF-based electrochromic film, several other research groups have reported electrochromic coating designs, including a UV-blocking but visually transparent radiative cooling film, a colorful plant-based film that gets cooler when exposed to sunlight, and a temperature-responsive film that turns darker in cold weather and lighter when it's hot.
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Orchids support seedlings through 'parental nurture' via shared underground fungal networks | ScienceDaily

A new study, led by researchers from the University of Sheffield in collaboration with The University of Manchester, provides the first evidence that early stage orchid seedlings germinate and thrive near to adult plants due to a kind of parental nurture using underground fungal networks.

Scientists investigated the idea that fungal networks, known as mycorrhizal networks, act as a direct pathway for established orchid plants to share recently produced sugars with developing seedlings.

Professor Katie Field, co-author of the study and Professor of Plant-Soil Processes at the University of Sheffield's School of Biosciences, said: "Our results support the idea that some orchids engage in a form of 'parental nurture' with their seedlings. By supplying early stage seedlings with essential nutrients via shared fungal connections, the parent orchids give the seedlings an advantage over neighbouring plants that are competing for the same resources.

"This finding is exciting because why these orchids are often found in clumps, despite their seeds being wind dispersed, has been a puzzle for hundreds of years."

The study focused on the Common Spotted Orchid and its fungal partner, Ceratobasidium cornigerum. Researchers created a system where mature, green orchids were connected to developing, chlorophyll-free seedlings through a fungal network grown on agar.

The mature plants were then exposed to a special form of carbon dioxide that could be tracked within the system.




Here's how it worked:
    	Green orchid plants were connected to developing seedlings through the fungal network.
    	The green plants were then exposed to a special form of carbon dioxide that could be tracked within the system.
    	After a period of time, the researchers analysed both the seedlings and the fungal network to see where the labelled carbon ended up.

The results were clear, the seedlings were accumulating the labelled carbon, indicating they were being supported by the adult plants. By tracking the movement of carbon, the study showed that the mature orchids were indeed sharing their recently produced sugars with the seedlings through the fungal network.

Sir David Read, Emeritus Professor of Plant Sciences from the University of Sheffield and lead author of the study, said: "Whereas the seeds of most plants, for example legumes (peas, beans) and grasses (rice, corn, wheat) are fully provisioned with food reserves by their parent plants, the so-called dust seeds of orchids receive insufficient reserves from the parents to develop on their own.

"They are instead produced in their millions by each individual parent orchid plant from which they are dispersed, by wind, to the surrounding environment. Even Charles Darwin was puzzled by this strategy, suggesting that while it should enable the seeds of an individual orchid plant to be so widely distributed that within a few years it could colonise the whole world. He observed that their failure to do so 'could not be understood at this time'.

"What is now revealed is that the belowground development of these essentially reserve-free seeds can be supported by photosynthetically produced sugars that are transported to them from mature plants growing above ground through a shared mycelium of symbiotic fungi."

Results of the study, published in New Phytologist, show the amount of carbon transferred seemed to depend on the environment. When the fungus had access to a richer food source (oatmeal agar), less carbon was transferred to the seedling. This suggests that the strength of the demand from the seedlings may influence the flow of nutrients through the network.

This research has important implications for understanding orchid ecology and conservation efforts. By recognising the importance of fungal connections, scientists can develop better strategies for protecting these unique and often threatened plants.

Next steps are to research this theory in the natural habitat that the orchids are found in and to look at whether this applies to other species.
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Public have no difficulty getting to grips with an extra thumb, study finds | ScienceDaily
Cambridge researchers have shown that members of the public have little trouble in learning very quickly how to use a third thumb -- a controllable, prosthetic extra thumb -- to pick up and manipulate objects.


						
The team tested the robotic device on a diverse range of participants, which they say is essential for ensuring new technologies are inclusive and can work for everyone.

An emerging area of future technology is motor augmentation -- using motorised wearable devices such as exoskeletons or extra robotic body parts to advance our motor capabilities beyond current biological limitations.

While such devices could improve the quality of life for healthy individuals who want to enhance their productivity, the same technologies can also provide people with disabilities new ways to interact with their environment.

Professor Tamar Makin from the Medical Research Council (MRC) Cognition and Brain Sciences Unit at the University of Cambridge said: "Technology is changing our very definition of what it means to be human, with machines increasingly becoming a part of our everyday lives, and even our minds and bodies.

"These technologies open up exciting new opportunities that can benefit society, but it's vital that we consider how they can help all people equally, especially marginalised communities who are often excluded from innovation research and development. To ensure everyone will have the opportunity to participate and benefit from these exciting advances, we need to explicitly integrate and measure inclusivity during the earliest possible stages of the research and development process."

Dani Clode, a collaborator within Professor Makin's lab, has developed the Third Thumb, an extra robotic thumb aimed at increasing the wearer's range of movement, enhancing their grasping capability and expanding the carrying capacity of the hand. This allows the user to perform tasks that might be otherwise challenging or impossible to complete with one hand or to perform complex multi-handed tasks without having to coordinate with other people.




The Third Thumb is worn on the opposite side of the palm to the biological thumb and controlled by a pressure sensor placed under each big toe or foot. Pressure from the right toe pulls the Thumb across the hand, while the pressure exerted with the left toe pulls the Thumb up toward the fingers. The extent of the Thumb's movement is proportional to the pressure applied, and releasing pressure moves it back to its original position.

In 2022, the team had the opportunity to test the Third Thumb at the annual Royal Society Summer Science Exhibition, where members of the public of all ages were able to use the device during different tasks. The results are published today in Science Robotics.

Over the course of five days, the team tested 596 participants, ranging in age from three to 96 years old and from a wide range of demographic backgrounds. Of these, only four were unable to use the Third Thumb, either because it did not fit their hand securely, or because they were unable to control it with their feet (the pressure sensors developed specifically for the exhibition were not suitable for very lightweight children).

Participants were given up to a minute to familiarise themselves with the device, during which time the team explained how to perform one of two tasks.

The first task involved picking up pegs from a pegboard one at a time with just the Third Thumb and placing them in a basket. Participants were asked to move as many pegs as possible in 60 seconds. 333 participants completed this task.

The second task involved using the Third Thumb together with the wearer's biological hand to manipulate and move five or six different foam objects. The objects were of various shapes that required different manipulations to be used, increasing the dexterity of the task. Again, participants were asked to move as many objects as they could into the basket within a maximum of 60 seconds. 246 participants completed this task.




Almost everyone was able to use the device straightaway. 98% of participants were able to successfully manipulate objects using the Third Thumb during the first minute of use, with only 13 participants unable to perform the task.

Ability levels between participants were varied, but there were no differences in performance between genders, nor did handedness change performance -- despite the Thumb always being worn on the right hand. There was no definitive evidence that people who might be considered 'good with their hands' -- for example, they were learning to play a musical instrument, or their jobs involved manual dexterity -- were any better at the tasks.

Older and younger adults had a similar level of ability when using the new technology, though further investigation just within the older adults age bracket revealed a decline in performance with increasing age. The researchers say this effect could be due to the general degradation in sensorimotor and cognitive abilities that are associated with ageing and may also reflect a generational relationship to technology.

Performance was generally poorer among younger children. Six out of the 13 participants that could not complete the task were below the age of 10 years old, and of those that did complete the task, the youngest children tended to perform worse compared to older children. But even older children (aged 12-16 years) struggled more than young adults.

Dani said: "Augmentation is about designing a new relationship with technology -- creating something that extends beyond being merely a tool to becoming an extension of the body itself. Given the diversity of bodies, it's crucial that the design stage of wearable technology is as inclusive as possible. It's equally important that these devices are accessible and functional for a wide range of users. Additionally, they should be easy for people to learn and use quickly."

Co-author Lucy Dowdall, also from the MRC Cognition and Brain Science Unit, added: "If motor augmentation -- and even broader human-machine interactions -- are to be successful, they'll need to integrate seamlessly with the user's motor and cognitive abilities. We'll need to factor in different ages, genders, weight, lifestyles, disabilities -- as well as people's cultural, financial backgrounds, and even likes or dislikes of technology. Physical testing of large and diverse groups of individuals is essential to achieve this goal."

There are countless examples of where a lack of inclusive design considerations has led to technological failure:
    	Automated speech recognition systems that convert spoken language to text have been shown to perform better listening to white voices over Black voices.
    	Some augmented reality technologies have been found to be less effective for users with darker skin tones.
    	Women face a higher health risk from car accidents, due to car seats and seatbelts being primarily designed to accommodate 'average' male-sized dummies during crash testing.
    	Hazardous power and industrial tools designed for a right-hand dominant use or grip have resulted in more accidents when operated by left-handers forced to use their non-dominant hand.

This research was funded by the European Research Council, Wellcome, the Medical Research Council and Engineering and Physical Sciences Research Council.
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Why do Dyeing poison frogs tap dance? | ScienceDaily
The toe tapping behavior of various amphibians has long attracted attention from researchers and pet owners. Despite being widely documented, the underlying functional role is poorly understood. In a new paper, researchers demonstrate that Dyeing poison frogs modulate their taps based on specific stimuli.


						
Dyeing poison frogs, Dendrobates tinctorius, have been shown to tap their posterior toes in response to a range of prey sizes, from small fruit flies to large crickets. In the present study, the researchers hypothesized that if the tapping has a role in feeding, the frogs would adjust their behavior in response to different environmental cues.

To test their hypothesis, the researchers recorded the frogs under varying conditions. "I used the slow-motion camera on my iPhone to take minute-long videos of the frogs tapping. Afterwards, I went back to each video and counted the number of taps on each foot and how long they were visible since they were often hidden behind a leaf or the frog itself. I used those two numbers to get a "taps per minute" on each foot and added them up," said Thomas Parrish, a former undergraduate student in the Fischer lab (GNDP), and the first author on the paper.

The researchers first tested whether the frogs tapped their toes more when they were feeding. To do so, the researchers fed the terrariums with half a teaspoon of fruit flies and recorded their hunting.

"We already knew the answer to this, but it was great to see that the tapping increased in the presence of the prey," said Eva Fischer, an assistant professor of integrative biology. "We wanted to ask 'Why?' and we wondered whether it had a function in prey capture or it was just a excitatory response like how dogs wag their tails because they are excited."

The researchers then used different surfaces to see whether the tapping behavior changed when the frogs could see the prey but not feed on it. They placed the fruit flies in small, clear Petri dishes in the frogs' home and measured the rate of toe tapping. They found that the frogs had an average of 50 taps/minute when they couldn't access the flies compared to 166 taps/minute when they fed on free-moving flies.

"The idea was that if they're excited, we might see something different based on whether they can catch the flies," Fisher said. "These results suggested that since they kept trying to eat in both cases, the tapping was not just out of excitement."

The researchers wondered, then, whether the toe taps were a form of vibrational signaling where the frogs used it as a way to startle or distract the prey before they fed. They used four different surfaces to test this question: soil, leaf surfaces, gel, and glass.




"Soil and leaves are natural substances, but soil is not very responsive while leaves are. On the other hand, gels are responsive and glass is not, but they are both unnatural surfaces to frogs," Fischer said.

They found that while the tap rate differed depending on the surface, with leaves being the highest at 255 taps/minute and glass the lowest at 64 taps/minute, there was no difference in the total number of feeding attempts or success.

"Although we saw that the frogs ate in every context, it was exciting to see that they changed their behavior based on what they're standing on," Fischer said. "We were surprised, however, that we didn't see a difference in how successful they were at eating. It's possible that the experiment is like sending them to a buffet instead of what happens in the forest where the tapping may help in stirring the prey."

The researchers are now hoping to understand what other stimuli might trigger this behavior. "Although we've conclusively shown that it is important in feeding, it could also be important in other contexts. For example, we have seen that the frogs tap more when there are other frogs nearby, so there may be a social aspect to it," Fischer said.

They are also interested in studying the underlying biomechanical aspects of the muscles. "It would be cool to look at the anatomy and see how the muscles work," Fischer said. "Ultimately, we could ask whether all frogs can tap their toes if they have the right muscles or whether there's something special about the anatomy of poison frogs."
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What are the risks of hydrogen vehicles in tunnels? | ScienceDaily
In addition to electric vehicles, hydrogen-powered vehicles are also seen as an alternative to conventionally powered vehicles. However, an increase in the number of such cars with fuel cells (fuel cell electric vehicles -- FCEVs) would also result in completely new hazard scenarios, especially in tunnels. In the HyTRA project, Graz University of Technology (TU Graz) has investigated what types of incidents involving hydrogen-powered vehicles in tunnels are realistic, what dangers arise for people and the tunnel structure, and what measures can be taken to minimise these risks. The project was funded by the Austrian Research Promotion Agency (FFG), the Federal Ministry for Climate Protection, Environment, Energy, Mobility, Innovation and Technology (BMK) and ASFINAG.


						
Low probability of occurrence, high damage potential

There is virtually no empirical data on real accidents involving hydrogen-powered vehicles in tunnels due to their low traffic share to date. Therefore, only a rough estimate of the probability of occurrence could be made based on experience with gas-powered vehicles, which indicated a low probability. In comparison, the potential extent of damage was analysed in great detail on the basis of experiments from the EU HyTunnel-CS project, which ended in 2022. Due to the high energy density of hydrogen and the high pressure at which it is stored, FCEVs have a very high damage potential.

According to the current standard, hydrogen is stored in cars at a pressure of 700 bar and in lorries and buses at 350 bar. If damage occurs to a tank, a great deal of energy is quickly released; if hydrogen catches fire, it burns at temperatures of over 2000 degrees Celsius. Although the tanks are very robust and well protected against mechanical impact, they cannot withstand a rear-end collision with a lorry. This scenario should therefore be avoided as far as possible.

Three hazard scenarios

The most likely outcome of an accident involving an FCEV is that there will be no significant impact from the hydrogen. However, three different hazard scenarios can occur in the event of serious accidents. In the first case, the thermal pressure relief device (TPRD) is triggered when the pressure rises as a result of a thermal impact (e.g. vehicle fire), releasing the hydrogen from the tank in a controlled jet. This keeps the pressure at a certain level and prevents the tank from rupturing. If the discharged hydrogen ignites -- which can easily happen when mixed with air -, the flame is directed towards the ground. Nevertheless, it remains dangerous because hydrogen burns without colour or odour, but the danger zone is limited. If the TPRD fails, the tank can explode, creating a blast wave that spreads through the entire tunnel. Up to approx. 30 metres there is a risk of death, up to approx. 300 metres there is a risk of serious internal injuries such as bleeding to the lungs, and further away there is still a risk of ruptured eardrums.

The third scenario is the least likely. It occurs when the hydrogen is released without being ignited. As the lightest element in the periodic table, hydrogen rises and collects in a cloud under the tunnel ceiling. If there is an ignition source there (e.g. hot lamps or an electrical impulse starting a fan), a hydrogen cloud explosion follows, which also causes a blast wave.

Less speed and sufficient distance

"Our investigations have shown that although the hazard scenarios involving hydrogen vehicles are relatively unlikely, they harbour great potential for damage. Modern hydrogen tanks are built so safely that a lot has to go wrong for the hydrogen to escape," says Daniel Fruhwirt from the Institute of Thermodynamics and Sustainable Propulsion Systems. "In addition, the transport infrastructure in Austrian tunnels probably fulfils the strictest requirements in Europe. Since we only have one operator for all motorway and highway tunnels, the safety level is also very homogeneous. In terms of infrastructure, there is hardly any risk of damage to the tunnel structure, but accidents would be dangerous for people."

To minimise the risks, Daniel Fruhwirt and his project team have recommended several measures. Stricter speed limits that are monitored with section control, precise distance controls that signal to drivers when they are following too closely, and speed limits that are displayed earlier in traffic jams so that the speed is already low enough when arriving at the end of the jam to cause only minor damage in the event of a rear-end collision. "What has already been implemented in most EU member states as a result of the serious events at the end of the 1990s and early 2000s, is that all tunnels on motorways and highways with a length of more than 500 metres are twin-tube tunnels and are generally no longer used for bi-directional traffic. This reduces the risk considerably," explains Daniel Fruhwirt.
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How killifish embryos use suspended animation to survive over 8 months of drought | ScienceDaily
The African turquoise killifish lives in ephemeral ponds in Zimbabwe and Mozambique. To survive the annual dry season, the fish's embryos enter a state of extreme suspended animation or "diapause" for approximately 8 months. Now, researchers have uncovered the mechanisms that enabled the killifish to evolve this extreme survival state. They report May 30 in the journal Cell that although killifish evolved diapause less than 18 million years ago, they did so by co-opting ancient genes that originated more than 473 million years ago. Through comparative analysis, the team showed that similar specialized gene expression patterns are also employed by other animals -- including the house mouse -- during diapause.


						
"The whole program is like day and night -- there is life in the normal state and life in the diapause state, and the way this happened was by reshuffling or re-wiring the regulatory region of a whole set of genes," says senior author and molecular biologist Anne Brunet of Stanford University.

African turquoise killifish mature faster than any other vertebrate species, and adults live for only around 6 months, even in captivity. The fish reproduce rapidly before their watery homes disappear, but their embryos remain behind in the dry mud, ready to hatch when the next year's rains come. Embryonic diapause also occurs in other vertebrate species, including fish, reptiles, and some mammals, but killifish diapause is remarkably extreme because it lasts for such an extended period (8 months on average and up to 2 years in the lab) and because killifish embryos enter suspended animation much later in development than other animals.

"It's roughly in the middle of development, and many organs are already formed by that stage -- they have a developing brain and a heart which stops beating in diapause and then starts again," says first author Param Priya Singh of the University of California, San Francisco. "Killifish are the only vertebrate species that we know of that can undergo diapause so late in development."

To understand diapause evolution, the team first characterized the gene expression of the African turquoise killifish (Nothobranchius furzeri) during different developmental stages. They focused on duplicated copies of genes called "paralogs," because gene duplication is one of the primary mechanisms by which new genes originate and specialize. Overall, the researchers identified 6,247 paralog pairs that exhibited specialized gene expression patterns during diapause. Surprisingly, they estimated that most of the diapause-specialized genes were "very ancient" paralogs, having originated more than 473 million years ago.

"Even though diapause evolved relatively recently, the genes that are specialized in diapause are really ancient," said Brunet. "We found that most of the genes that specialize for diapause in killifish are very ancient paralogs, which means that they were duplicated in the common ancestor of all vertebrates."

Since diapause also occurs in some other species of killifish, the researchers compared gene expression between embryos of the African turquoise killifish, the South American killifish (Austrofundulus limnaeus), which also undergoes diapause, and two killifish species that do not undergo diapause, the red-striped killifish (Aphyosemion striatum)and lyretail killifish (Aphyosemion austral).




They found significant overlap in gene expression patterns between the African turquoise and South American killifish, which evolved diapause independently of each other, but not in the two non-diapausing species. Likewise, the researchers found significant correlation in the gene expression patterns of house mouse (Mus musculus) embryos during diapause and showed that diapause-specialized genes in mice also have very ancient origins.

"This suggests that the same mechanisms that enable diapause have been repeatedly co-opted for the evolution of diapause across distantly related species," says Singh.

Next, the researchers explored how these diapause-specialized genes are regulated in the killifish. They identified several key transcription factors that control the altered gene expression patterns seen during diapause, including REST and FOXO3, which are known to be expressed during hibernation (a different form of suspended animation) in mammals. Notably, several of these regulatory genes are involved in lipid metabolism, which has a distinctive profile during diapause.

"One of the key elements of diapause is this special lipid metabolism," said Brunet. "During diapause, they seem to have much higher levels of triglycerides and very long chain fatty acids, which are forms of storage and also perhaps aid with long-term protection of the organism's membranes."

The researchers plan to continue investigating how different species regulate diapause and to dig deeper into the role of lipid metabolism during diapause and other types of suspended animation.

"It's such a complex state that I think we are just scratching the surface," said Singh. "We want to go deeper into specific aspects of how lipid metabolism is regulated during diapause, and we are also interested in examining the role of specific cell types during diapause."
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Close to 1 in 2 surveyed say they would use air taxis in the future | ScienceDaily
A study by researchers from Nanyang Technological University, Singapore (NTU Singapore) has found that Singaporeans are open to ride air taxis, which are small autonomous aircraft that carry passengers over short distances. Through a study of 1,002 participants, the NTU Singapore team found that almost half (45.7 per cent) say they intend to use this mode of transport when it becomes available, with over one-third (36.2 per cent) planning to do so regularly.


						
According to the findings published online in the journal Technology in Society in April, the intention to take autonomous air taxis is associated with factors such as trust in the AI technology deployed in air taxis, hedonic motivation (the fun or pleasure derived from using technology), performance expectancy (the degree to which users expect that using the system will benefit them), and news media attention (the amount of attention paid to news about air taxis).

Air taxis and autonomous drone services are close to becoming a reality: China's aviation authority issued its first safety approval certification last year to a Chinese drone maker for trial operations, and in Europe, authorities are working to certify air taxis safe to serve passengers at the Paris Olympics this year.

For Singapore, which is looking to become a base for air taxi companies1, the study findings could help the sector achieve lift-off, said the research team from NTU's Wee Kim Wee School of Communication and Information (WKWSCI) led by Professor Shirley Ho. Professor Ho, who is also NTU's Associate Vice President for Humanities, Social Sciences & Research Communication, said: "Even though air taxis have yet to be deployed in Singapore, close to half of those surveyed said they would be keen to take one. Singapore aims to become base for air taxi firms[1]; CAAS working with regional counterparts on guidelines, CNA 2 air taxis in the future. This signifies a positive step forward for a nascent technology. Our study represents a significant step forward in understanding the factors that influence one's intention to take air taxis. Insights into the public perception of air taxis will enable policymakers and tech developers to design targeted interventions that encourage air taxi use as they look to build up an air taxi industry in Singapore."

The study aligns with NTU's goal of pursuing research aligned with national priorities and with the potential for significant intellectual and societal impact, as articulated in the NTU 2025 five-year strategic plan.

How the study was conducted 

To gauge the public perception of air taxis, the NTU WKWSCI team surveyed 1,002 Singaporeans and permanent residents, drawing on a validated model[2] that measures technology acceptance and use and the factors driving this behaviour.




Participants were asked to score on a five-point scale in response to various statements about factors such as their trust in the AI system used in air taxis, their attention to news reports on air taxis, their perceived ease of use and usefulness of air taxis, as well as their attitudes and intention to take air taxis in the future.

The scores for each participant were then tabulated and used in statistical analyses to find out how these factors related to the participant's intention to take air taxis.

"Generally positive" sentiment about air taxis

Upon tabulating the scores, the researchers found that sentiments around air taxis are generally positive among the participants. Almost half (45.7 per cent) said they intend to use this mode of transport when it becomes available. Close to four in 10 (36.2 per cent) said they plan to do so regularly.

Close to six in 10 (57 per cent) thought taking air taxis would be fun, and 53 per cent said they were excited about taking air taxis.

Six in 10 (60.9 per cent) agreed that taking air taxis would help to get things done more quickly, and 61.2 per cent believed that it would increase productivity.




Half the participants also trusted the competency of the AI technology used in air taxis, and the AI engineers building the technology. Five in 10 (52.9 per cent) agreed that the AI system in air taxis would be competent and effective at helping to transport people.

Factors that predict air taxi use

Upon conducting statistical analyses on the survey data, the researchers found that the following factors directly impacted participants' intention to take air taxis:
    	news media attention;
    	trust in the AI system used in air taxis;
    	attitude towards air taxis;
    	performance expectancy;
    	hedonic motivation;
    	price value;
    	social influence;
    	habit (the perception that taking air taxis could become a habit).

These findings suggest that when Singaporeans consider whether they would use autonomous air taxis, not only do they value the practical aspects of the technology, but also how much they can trust the AI system, said NTU WKWSCI's PhD student Justin Cheung, a co-author of the study.

Surprisingly, habit was the most robust predictor of people's intention to use air taxis, despite the relatively smaller number of participants who agreed that taking the vehicles would become a habit for them, he said. This suggests that while the user base for autonomous passenger drones may be small, it could be a loyal one, he added.

Another robust predictor of use intention was attention to news media. In addition, the researchers found that news media attention could shape intentions to use air taxis and attitudes towards them by influencing trust in the AI systems, as well as the engineers who develop the AI systems behind air taxis.

Prof Ho said: "When technologies are yet to be deployed in the public sphere, news media offers the main and, in many instances, the only source of information for members of the public. Our findings suggest that policymakers could leverage positive news media reporting when introducing air taxis to shape public perceptions and thereby use intention."

Credibility affects trust in media reports on AI technology

These findings build on a study authored by Prof Ho and WKWSCI research fellow Goh Tong Jee. Published online in journal Science Communication in May, the study identified considerations that could affect the public's trust in media organisations, policymakers and tech developers that introduce AI in autonomous vehicles (AVs).

Through six focus group discussions with 56 drivers and non-drivers, the researchers found that media credibility is a foundation upon which the public would evaluate the trustworthiness of media organisations.

The focus group discussion participants said they would consider qualities such as balance, comprehensiveness, persuasiveness and objectivity of media organisations when assessing their ability to create quality content.

The researchers also found that non-drivers raised more qualities than drivers regarding trust in media organisations. The researchers attributed this observation to the enthusiasm non-drivers could have over the prospective use of AVs, which drove the non-drivers' tendency to seek information.

Some qualities raised only by non-drivers during the focus group discussions include a media organisation's ability to spur discussions on whether AV is a need or a want. Another consideration is a media organisation's ability to create varied content.

Non-drivers also shared their expectations that media organisations should be transparent and reveal "unflattering" information in the public's interest during crises, even if it means affecting the reputation of policymakers or tech developers.

The findings from these two studies reaffirm the need for accurate and balanced reporting on AVs such as air taxis, due to the role news media can play in shaping public perception, and the public's expectations of media organisations, said Prof Ho.

Prof Ho added: "The two studies highlight the importance for media organisations to translate emerging scientific evidence accurately to facilitate informed decision-making. Given the speed at which innovative technologies emerge in the age of digitalisation, accurate science communication has never been more crucial."

Notes;

[1]Singapore aims to become base for air taxi firms; CAAS working with regional counterparts on guidelines, CNA

[2] This model, called the Unified Theory of Acceptance and Use of Technology 2, is a validated technology acceptance model that aims to explain user intentions to use an information system and subsequent usage behaviour.
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Florida fossil porcupine solves a prickly dilemma 10-million years in the making | ScienceDaily
There's a longstanding debate simmering among biologists who study porcupines. There are 16 porcupine species in Central and South America, but only one in the United States and Canada. DNA evidence suggests North America's sole porcupine belongs to a group that originated 10 million years ago, but fossils seem to tell a different story. Some paleontologists think they may have evolved just 2.5 million years ago, at the beginning of the ice ages.


						
A new study published in the journal Current Biology claims to have reconciled the dispute, thanks to an exceptionally rare, nearly complete porcupine skeleton discovered in Florida. The authors reached their conclusion by studying key differences in bone structure between North and South American porcupines, but getting there wasn't easy. It took an entire class of graduate and undergraduate students and several years of careful preparation and study.

"Even for a seasoned curator with all the necessary expertise, it takes an incredible amount of time to fully study and process an entire skeleton," said lead author Natasha Vitek. While studying as a doctoral student at the Florida Museum of Natural History, Vitek teamed up with vertebrate paleontology curator Jonathan Bloch to create a college course in which students got hands-on research experience by studying porcupine fossils.

Ancient radiation gave rise to world's largest rodents

Porcupines are a type of rodent, and their ancestors likely originated in Africa more than 30 million years ago. Their descendants have since wandered into Asia and parts of Europe by land, but their journey to South America is a particularly defining event in the history of mammals. They crossed the Atlantic Ocean -- likely by rafting -- when Africa and South America were much closer together than they are today. They were the first rodents to ever set foot on the continent, where they evolved into well-known groups like guinea pigs, chinchillas, capybaras and porcupines.

Some took on giant proportions. There were lumbering, rat-like animals up to five feet long, equipped with a tiny brain that weighed less than a plum. Extinct relatives of the capybara grew to the size of cows.

Porcupines remained relatively small and evolved adaptations for life in the treetops of South America's lush rainforests. Today, they travel through the canopy with the aid of long fingers capped with blunt, sickle-shaped claws perfectly angled for gripping branches. Many also have long, prehensile tails capable of bearing their weight, which they use while climbing and reaching for fruit.




Despite their excellent track record of getting around, South America was a dead end for many millions of years. A vast seaway with swift currents separated North and South America, and most animals were unable to cross -- with a few notable exceptions.

Beginning about 5 million years ago, the Isthmus of Panama rose above sea level, cutting off the Pacific from the Atlantic. This land bridge became the ancient equivalent of a congested highway a few million years later, with traffic flowing in both directions.

Prehistoric elephants, saber-toothed cats, jaguars, llamas, peccaries, deer, skunks and bears streamed from North America to South. The reverse trek was made by four different kinds of ground sloths, oversized armadillos, terror birds, capybaras and even a marsupial.

The two groups met with radically different fates. Those mammals migrating south did fairly well; many became successfully established in their new tropical environments and survived to the present. But nearly all lineages that ventured north into colder environments have gone extinct. Today, there are only three survivors: the nine-banded armadillo, the Virginia opossum and the North American porcupine.

New fossils catch evolution in the act

Animals that traveled north had to contend with new environments that bore little resemblance to the ones they left behind. Warm, tropical forests gave way to open grasslands, deserts and cold deciduous forests. For porcupines, this meant coping with brutal winters, fewer resources and coming down from the trees to walk on land. They still haven't quite gotten the hang of the latter; North American porcupines have a maximum ground speed of about 2 mph.




South American porcupines are equipped with a menacing coat of hollow, overlapping quills, which offer a substantial amount of protection but do little to regulate body temperature. North American porcupines replaced these with a mix of insulating fur and long, needle-like quills that can be raised when they feel threatened. They also had to modify their diet, which changed the shape of their jaw.

"In winter, when their favorite foods are not around, they will bite into tree bark to get at the softer tissue underneath. It's not great food, but it's better than nothing," Vitek said. "We think this type of feeding selected for a particular jaw structure that makes them better at grinding."

They also lost their prehensile tails. Although North American porcupines still like climbing, it's not their forte. Museum specimens often show evidence of healed bone fractures, likely caused by falling from trees.

Many of these traits can be observed in fossils. The problem is there aren't many fossils to go around. According to Vitek, most are either individual teeth or jaw fragments, and researchers often lump them in with South American porcupines. Those that are considered to belong to the North American group lack the critical features that would provide paleontologists with clues to how they evolved.

So when Florida Museum paleontologist Art Poyer found an exquisitely preserved porcupine skeleton in a Florida limestone quarry, they were well aware of its significance.

"When they first brought it in, I was amazed," said Bloch, senior author of the study. "It is so rare to get fossil skeletons like this with not only a skull and jaws, but many associated bones from the rest of the body. It allows for a much more complete picture of how this extinct mammal would have interacted with its environment. Right away we noticed that it was different from modern North American porcupines in having a specialized tail for grasping branches."

By comparing the fossil skeleton with bones from modern porcupines, Bloch and Vitek were confident they could determine its identity. But the amount of work this would require was more than one person could do on their own in a short amount of time. So they co-created a paleontology college course, in which the only assignment for the entire semester was studying porcupine bones.

"It's the kind of thing that could only be taught at a place like the Florida Museum, where you have both collections and enough students to study them," Vitek said. "We focused on details of the jaw, limbs, feet and tails. It required a very detailed series of comparisons that you might not even notice on the first pass."

The results were surprising. The fossil lacked the reinforced bark-gnawing jaws and possessed a prehensile tail, making it appear more closely related to South American porcupines. But, Vitek said, other traits bore a stronger similarity to North American porcupines, including the shape of the middle ear bone as well as the shapes of the lower front and back teeth.

With all the data combined, analyses consistently provided the same answer. The fossils belonged to an extinct species of North American porcupine, meaning this group has a long history that likely began before the Isthmus of Panama had formed. But questions remain as to how many species once existed in this group or why they went extinct.

"One thing that isn't resolved by our study is whether these extinct species are direct ancestors of the North American porcupine that is alive today," Vitek said. "It's also possible porcupines got into temperate regions twice, once along the Gulf Coast and once out west. We're not there yet."

Jennifer Hoeflich, Isaac Magallanes, Sean Moran, Rachel Narducci, Victor Perez, Jeanette Pirlo, Mitchell Riegler, Molly Selba, Maria Vallejo-Pareja, Michael Ziegler, Michael Granatosky and Richard Hulbert of the Florida Museum of Natural History are also authors on the paper.
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Echidnapus identified from an 'Age of Monotremes' | ScienceDaily

The findings were led by two renowned mammalogists, Honorary Associate of the Australian Museum, Professor Tim Flannery; and Professor Kris Helgen, Chief Scientist and Director of the Australian Museum Research Institute (AMRI).

Found in the Lightning Ridge opal fields, NSW, the opalised jaws date back to the Cenomanian Age of the Cretaceous Period, between 102 million to 96.6 million years ago.

Professor Flannery said the research reveals that 100 million years ago, Australia was home to a diversity of monotremes, of which the platypus and the echidna are the only surviving descendants.

"Today, Australia is known as a land of marsupials, but discovering these new fossils is the first indication that Australia was previously home to a diversity of monotremes. It's like discovering a whole new civilisation," Professor Flannery said.

Chief Scientist and Director of the Australian Museum Research Institute, Professor Kris Helgen, said the three new species demonstrate combinations of features not previously seen before in other living or fossil monotremes. One of the most striking of the new monotremes, Opalios splendens, retains characteristics of the earliest known monotremes, but also some that foreshadow adaptations in the living monotremes, the echidnas and platypus.

"Opalios splendens sits on a place in the evolutionary tree prior to the evolution of the common ancestor of the monotremes we have today. Its overall anatomy is probably quite like the platypus, but with features of the jaw and snout a bit more like an echidna -- you might call it an 'echidnapus'," Professor Helgen said.




"The story of how our egg-laying mammals evolved is 'toothy to toothless' on the oldest monotreme, Teinolophos trusleri, which dates back to Victoria 130 million years ago. What we see at Lightning Ridge is that by 100 million years ago, some of the monotremes still have five molars but some of them are down to three," Professor Helgen said.

Professor Flannery highlighted that today, echidnas have no teeth, and platypuses too are essentially toothless.

"Adult platypus have no teeth, though juveniles have rudimentary molars. Just when and why adult platypus lost their teeth after nearly 100 million years is a mystery we think we have solved. It may have been competition with the Australian water rat, which arrived in Australia within the last 2 million years, which caused platypus to seek out softer, slipperier food best processed with the leathery pads that adults use today," Professor Flannery said.

"What is so unusual about this uniquely Australian story is that in one snapshot we see six different egg-laying mammals living together in Lightning Ridge over 100 million years ago. All of them are holding potential evolutionary destinies that can go off in different directions, and all of them are deep distant ancestors and relatives of the current living monotremes."

Dr Matthew McCurry, Curator of Palaeontology, Australian Museum, said the discovery of three new genera of monotremes helps to piece together their remarkable evolutionary story.

"There are six species of monotremes, including the three newly described here, within the Cenomanian Lightning Ridge fauna of New South Wales making it the most diverse monotreme assemblage on record. Four species are known from a single specimen, suggesting that diversity remains underrepresented. This discovery adds more than 20 per cent to the previously known diversity of monotremes," Dr McCurry said.




"We have very few monotreme fossils, and so finding new fossils can tell us more about where they lived, what they looked like and how changes in the environment influenced their evolution. Every significant monotreme fossil currently known fits into this evolutionary story, from Teinolophos, the tiny shrew-like creature in Antarctica 130 million years ago to the present day," Dr McCurry said.

Co-authors from Museums Victoria Research Institute, Dr Thomas Rich, Senior Curator of Vertebrate Palaeontology, and Honorary Associate Professor Patricia Vickers-Rich AO said these curious, unique and ancient Australian animals still have the power to interest the scientific world.

"The platypus and echidna are iconic Australian species. The discovery of these several new species in one small area suggest that the family tree of the egg laying monotremes is far more complicated than the living platypus and echidna alone suggest," Dr Thomas Rich said.

"As the fieldwork continues in the Mesozoic of Australia, we continue to increase our understanding of how life changed over time. This, to me, is what makes science so exciting," Professor Patricia Vickers-Rich AO said.

The fossils were found by Elizabeth Smith and her daughter Clytie of the Australian Opal Centre in Lightning Ridge, who have spent decades working and searching over the opal fields.

"Opal fossils are rare, but opalised monotreme fossils are infinitely more rare, as there's one monotreme fragment to a million other pieces. We don't know when, or exactly where, they'll turn up," Elizabeth Smith said.

"These specimens are a revelation. They show the world that long before Australia became the land of pouched mammals, marsupials, this was a land of furry egg-layers -- monotremes. It seems that 100 million years ago, there were more monotremes at Lightning Ridge than anywhere else on earth, past or present," Elizabeth said.
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AI headphones let wearer listen to a single person in a crowd, by looking at them just once | ScienceDaily
Noise-canceling headphones have gotten very good at creating an auditory blank slate. But allowing certain sounds from a wearer's environment through the erasure still challenges researchers. The latest edition of Apple's AirPods Pro, for instance, automatically adjusts sound levels for wearers -- sensing when they're in conversation, for instance -- but the user has little control over whom to listen to or when this happens.


						
A University of Washington team has developed an artificial intelligence system that lets a user wearing headphones look at a person speaking for three to five seconds to "enroll" them. The system, called "Target Speech Hearing," then cancels all other sounds in the environment and plays just the enrolled speaker's voice in real time even as the listener moves around in noisy places and no longer faces the speaker.

The team presented its findings May 14 in Honolulu at the ACM CHI Conference on Human Factors in Computing Systems. The code for the proof-of-concept device is available for others to build on. The system is not commercially available.

"We tend to think of AI now as web-based chatbots that answer questions," said senior author Shyam Gollakota, a UW professor in the Paul G. Allen School of Computer Science & Engineering. "But in this project, we develop AI to modify the auditory perception of anyone wearing headphones, given their preferences. With our devices you can now hear a single speaker clearly even if you are in a noisy environment with lots of other people talking."

To use the system, a person wearing off-the-shelf headphones fitted with microphones taps a button while directing their head at someone talking. The sound waves from that speaker's voice then should reach the microphones on both sides of the headset simultaneously; there's a 16-degree margin of error. The headphones send that signal to an on-board embedded computer, where the team's machine learning software learns the desired speaker's vocal patterns. The system latches onto that speaker's voice and continues to play it back to the listener, even as the pair moves around. The system's ability to focus on the enrolled voice improves as the speaker keeps talking, giving the system more training data.

The team tested its system on 21 subjects, who rated the clarity of the enrolled speaker's voice nearly twice as high as the unfiltered audio on average.

This work builds on the team's previous "semantic hearing" research, which allowed users to select specific sound classes -- such as birds or voices -- that they wanted to hear and canceled other sounds in the environment.

Currently the TSH system can enroll only one speaker at a time, and it's only able to enroll a speaker when there is not another loud voice coming from the same direction as the target speaker's voice. If a user isn't happy with the sound quality, they can run another enrollment on the speaker to improve the clarity.

The team is working to expand the system to earbuds and hearing aids in the future.

Additional co-authors on the paper were Bandhav Veluri, Malek Itani and Tuochao Chen, UW doctoral students in the Allen School, and Takuya Yoshioka, director of research at AssemblyAI. This research was funded by a Moore Inventor Fellow award, a Thomas J. Cabel Endowed Professorship and a UW CoMotion Innovation Gap Fund.
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Entomologist sheds light on 250-year-old mystery of the German cockroach | ScienceDaily
A team of international scientists, including Virginia Tech entomologist Warren Booth, have solved the 250-year-old origin puzzle of the most prevalent indoor urban pest insect on the planet: the German cockroach.


						
The team's research findings, representing the genomic analyses of over 280 specimens from 17 countries and six continents, show that this species evolved some 2,100 years ago from an outside species in Asia and were released this week in the Proceedings of the National Academy of Sciences journal.

One may think by its name that its origins are in Germany. But it is not native to any wilderness in that country. In fact, it doesn't seem to have any home in the wild anywhere in the world. To date, populations have never been found outside of structures.

Following its evolution, the German cockroach spread from Southeast Asia, hitchhiking around the world in association with humans. In addition to rapid spread, it evolved a resistance to a variety of insecticides, making it extremely difficult to control using over-the-counter products.

According to Booth, the German cockroach is a major public health issue due to its links to disease spread, the contamination of food, and its role in triggering asthma and allergies.

About Booth

Warren Booth is an associate professor of urban entomology in the Department of Entomology in the College of Agriculture and Life Sciences. He is also an affiliated faculty of the Fralin Life Sciences Institute at Virginia Tech.

His research interests include:
    	Population and evolutionary genomics of indoor urban pest insects
    	Insecticide resistance evolution
    	Influence of socioeconomic disparity on urban pest population dynamics
    	Mitochondrial heteroplasmy and recombination
    	Invasion biology and ecology
    	Urban pest management
    	Urban evolutionary biology/genomics
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Caterpillars can detect their predators by the static electricity they emit | ScienceDaily
Caterpillars respond defensively to electric fields similar to those emitted by their natural predators, scientists at the University of Bristol have found.


						
In the study, published today in the journal PNAS, experts showed that caterpillar hairs move in response to electric fields and are most sensitive to the frequencies that correspond to the wingbeats frequencies of other insects, indicating that their hairs could be tuned to pick up the electrical cues of their predators.

Thesefindings are the first example of static electricity being used as a sensory cue in a predator-prey interaction.

Lead author Dr Sam England explained: "We knew that many animals naturally accumulate static electricity on their bodies as they move around their environment, and that static electricity can push and pull on other charged objects.

"In particular, we knew that the hairs of insects can be moved around by the electric field emitted from statically charged objects, in the same way that a charged-up balloon can move the hair around on your head.

"This made us wonder, what if a prey animal, like a caterpillar, could detect its predators by feeling the electric field coming off of them? Would the static charge of a predator, like a wasp, push and pull on the sensory hairs of a caterpillar enough to inform the caterpillar of the wasp's approach?"

The team measured how much static charge wasps and caterpillars carry by having them pass through a static charge sensor. They then inputted these charge values into computational models to mathematically predict how strong the electric field would be when a wasp approaches a caterpillar on a plant. When the caterpillars responded defensively to these conditions, there were able to use a laser to detect tiny vibrations to investigate whether it was the sensory hairs that were detecting the electricity, by measuring how much they move in response to different frequencies of electric field.




The results of the study are concerning because they show that caterpillars are also sensitive to the frequencies of electric field emitted by powerlines and other electronic equipment. This means that humans may be hindering the ability of animals to detect their predators by filling the environment with electrical 'noise'.

Dr England continued: "I would say it feels quite urgent now to assess whether we are hampering the ability of caterpillars and other animals to detect their predators by introducing a new type of sensory pollution -- electrical noise."

Predator-prey interactions are a matter of life and death and as such they are one of the main drivers of evolution in animals. Almost all animals on land appear to accumulate static charge meaning this static electric sense may be widespread, and the discovery that static electricity plays a role in these ecological interactions stands to open up entirely new dimensions to our understanding of how animals sense each other, and more generally how and why they evolve in certain ways.

Dr England added: "Our study shows that it is possible for terrestrial animals to use static electricity as a predator detection cue.

"This is very likely a widespread ability, especially amongst insects and other small animals like spiders and scorpions.

"This study presents the first example of an animal detecting its predators by sensing the static electricity being emitted by the predator. This unveils a new dimension to predator-prey interactions on land, but also hints at a previously unnoticed way in which we might be negatively impacting wildlife -- by introducing sources of electrical sensory pollution."
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Imperceptible sensors made from 'electronic spider silk' can be printed directly on human skin | ScienceDaily
Researchers have developed a method to make adaptive and eco-friendly sensors that can be directly and imperceptibly printed onto a wide range of biological surfaces, whether that's a finger or a flower petal.


						
The method, developed by researchers from the University of Cambridge, takes its inspiration from spider silk, which can conform and stick to a range of surfaces. These 'spider silks' also incorporate bioelectronics, so that different sensing capabilities can be added to the 'web'.

The fibres, at least 50 times smaller than a human hair, are so lightweight that the researchers printed them directly onto the fluffy seedhead of a dandelion without collapsing its structure. When printed on human skin, the fibre sensors conform to the skin and expose the sweat pores, so the wearer doesn't detect their presence. Tests of the fibres printed onto a human finger suggest they could be used as continuous health monitors.

This low-waste and low-emission method for augmenting living structures could be used in a range of fields, from healthcare and virtual reality, to electronic textiles and environmental monitoring. The results are reported in the journal Nature Electronics.

Although human skin is remarkably sensitive, augmenting it with electronic sensors could fundamentally change how we interact with the world around us. For example, sensors printed directly onto the skin could be used for continuous health monitoring, for understanding skin sensations, or could improve the sensation of 'reality' in gaming or virtual reality application.

While wearable technologies with embedded sensors, such as smartwatches, are widely available, these devices can be uncomfortable, obtrusive and can inhibit the skin's intrinsic sensations.

"If you want to accurately sense anything on a biological surface like skin or a leaf, the interface between the device and the surface is vital," said Professor Yan Yan Shery Huang from Cambridge's Department of Engineering, who led the research. "We also want bioelectronics that are completely imperceptible to the user, so they don't in any way interfere with how the user interacts with the world, and we want them to be sustainable and low waste."

There are multiple methods for making wearable sensors, but these all have drawbacks. Flexible electronics, for example, are normally printed on plastic films that don't allow gas or moisture to pass through, so it would be like wrapping your skin in cling film. Other researchers have recently developed flexible electronics that are gas-permeable, like artificial skins, but these still interfere with normal sensation, and rely on energy- and waste-intensive manufacturing techniques.




3D printing is another potential route for bioelectronics since it is less wasteful than other production methods, but leads to thicker devices that can interfere with normal behaviour. Spinning electronic fibres results in devices that are imperceptible to the user, but without a high degree of sensitivity or sophistication, and they're difficult to transfer onto the object in question.

Now, the Cambridge-led team has developed a new way of making high-performance bioelectronics that can be customised to a wide range of biological surfaces, from a fingertip to the fluffy seedhead of a dandelion, by printing them directly onto that surface. Their technique takes its inspiration in part from spiders, who create sophisticated and strong web structures adapted to their environment, using minimal material.

The researchers spun their bioelectronic 'spider silk' from PEDOT:PSS (a biocompatible conducting polymer), hyaluronic acid and polyethylene oxide. The high-performance fibres were produced from water-based solution at room temperature, which enabled the researchers to control the 'spinnability' of the fibres. The researchers then designed an orbital spinning approach to allow the fibres to morph to living surfaces, even down to microstructures such as fingerprints.

Tests of the bioelectronic fibres, on surfaces including human fingers and dandelion seedheads, showed that they provided high-quality sensor performance while remaining imperceptible to the host.

"Our spinning approach allows the bioelectronic fibres to follow the anatomy of different shapes, at both the micro and macro scale, without the need for any image recognition," said Andy Wang, the first author of the paper. "It opens up a whole different angle in terms of how sustainable electronics and sensors can be made. It's a much easier way to produce large area sensors."

Most high-resolution sensors are made in an industrial cleanroom and require toxic chemicals in a multi-step and energy-intensive fabrication process. The Cambridge-developed sensors can be made anywhere and use a tiny fraction of the energy that regular sensors require.




The bioelectronic fibres, which are repairable, can be simply washed away when they have reached the end of their useful lifetime, and generate less than a single milligram of waste: by comparison, a typical single load of laundry produces between 600 and 1500 milligrams of fibre waste.

"Using our simple fabrication technique, we can put sensors almost anywhere and repair them where and when they need it, without needing a big printing machine or a centralised manufacturing facility," said Huang. "These sensors can be made on-demand, right where they're needed, and produce minimal waste and emissions."

The researchers say their devices could be used in applications from health monitoring and virtual reality, to precision agriculture and environmental monitoring. In future, other functional materials could be incorporated into this fibre printing method, to build integrated fibre sensors for augmenting the living systems with display, computation, and energy conversion functions. The research is being commercialised with the support of Cambridge Enterprise, the University's commercialisation arm.

The research was supported in part by the European Research Council, Wellcome, the Royal Society, and the Biotechnology and Biological Sciences Research Council (BBSRC), part of UK Research and Innovation (UKRI).
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Key role of plant-bacteria communication for the assembly of a healthy plant microbiome supporting sustainable plant nutrition | ScienceDaily
In an interdisciplinary study, researchers discovered that symbiotic bacteria communicate with legume plants through specific molecules and that this communication influences which bacteria grow near the plant roots. The findings provide insights into how plants and soil bacteria form beneficial partnerships for nutrient uptake and resilience. These results are a step towards understanding how communication between plants and soil bacteria can lead to specific beneficial associations providing plants with nutrients.


						
The results in Nature Communications find that symbiotic, nitrogen-fixing bacteria can ensure dominance among soil microbes due to its signalling-based communication with the legume plant host. Researchers discovered that when legumes need nitrogen, they will send out from the roots and into the soil specific molecules that are in turn recognized by the symbiotic bacteria to produce another molecule, the Nod factor which is recognized back by the legume plant. When this mutual recognition was established, the plant will modify the panel of root secreted molecules and by this will affect which soil bacteria can grow in the vicinity of their roots.

Plants like legumes have a special relationship with certain bacteria in the soil. These bacteria help the plants grow in soil that does not have much nitrogen by converting nitrogen from the air into a usable form. Depending on the nitrogen available in the soil, legume plants can be in different states: lacking nitrogen, in a partnership with the bacteria, or using nitrogen from inorganic sources like nitrate.

The symbiosis with nitrogen-fixing bacteria was shown before to affect the rest of microorganisms living around the plant roots. However, it is not always clear how this partnership affects other microbes, and whether it depends on how much nitrogen the plant has.

In the new study, the team found that the communities of bacteria around the roots and in the surrounding soil differ depending on and have predictive power of the plant's nitrogen status. Moreover, it was found that signalling exchange between legume and its symbiont plays a critical role in modulating the profile of root secreted molecules, influencing the assembly of a symbiotic root microbiome.

The results provide valuable insights into the complex interplay between nitrogen nutrition, Nod factor signaling, and root microbiome assembly. The findings emphasize the importance of symbiosis and nitrogen nutrition in shaping plant-bacteria interactions, offering potential applications in agriculture and sustainable plant growth.

This is a clear example of interdisciplinary research, where the expertise in chemistry from Associate Prof. Dr. Marianne Glasius to analyze root exudates, in mathematics from Prof. Dr. Rasmus Waagepetersen to develop predictive models, and plant genetics and microbiome from Prof. Dr. Simona Radutoiu enabled complex causational studies of root-associated bacterial communities. By integrating these diverse fields, the researchers were able to answer key questions about how nitrogen nutrition and symbiosis influence plant-bacteria interactions, providing valuable insights for sustainable agriculture.
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Birth of universe's earliest galaxies observed for first time | ScienceDaily
Using the James Webb Space Telescope, University of Copenhagen researchers have become the first to see the formation of three of the earliest galaxies in the universe, more than 13 billion years ago. The sensational discovery contributes important knowledge about the universe and is now published in the journal Science.


						
For the first time in the history of astronomy, researchers at the Niels Bohr Institute have witnessed the birth of three of the universe's absolute earliest galaxies, somewhere between 13.3 and 13.4 billion years ago.

The discovery was made using the James Webb Space Telescope, which brought these first 'live observations' of formative galaxies down to us here on Earth.

Through the telescope, researchers were able to see signals from large amounts of gas that accumulate and accrete onto a mini-galaxy in the process of being built. While this is how galaxies are formed according to theories and computer simulations, it had never actually been witnessed.

"You could say that these are the first 'direct' images of galaxy formation that we've ever seen. Whereas the James Webb has previously shown us early galaxies at later stages of evolution, here we witness their very birth, and thus, the construction of the first star systems in the universe," says Assistant Professor Kasper Elm Heintz from the Niels Bohr Institute, who led the new study.

Galaxies born shortly after the Big Bang

The researchers estimate the birth of the three galaxies to have occurred roughly 400-600 million years after the Big Bang, the explosion that began it all. While that sounds like a long time, it corresponds to galaxies forming during the first three to four percent of the universe's 13.8-billion-year overall lifetime.




Shortly after the Big Bang, the universe was an enormous opaque gas of hydrogen atoms -- unlike today, where the night sky is speckled with a blanket of well-defined stars.

"During the few hundred million years after the Big Bang, the first stars formed, before stars and gas began to coalesce into galaxies. This is the process that we see the beginning of in our observations," explains Associate Professor Darach Watson.

The birth of galaxies took place at a time in the history of the universe known as the Epoch of Reionization, when the energy and light of some of the first galaxies broke through the mists of hydrogen gas.

It is precisely these large amounts of hydrogen gas that the researchers captured using the James Webb Space Telescope's infrared vision. This is the most distant measurement of the cold, neutral hydrogen gas, which is the building block of the stars and galaxies, discovered by scientific researchers to date.

Adds to the understanding of our origins

The study was conducted by Kasper Elm Heintz, in close collaboration with, among others, research colleagues Darach Watson, Gabriel Brammer and PhD student Simone Vejlgaard from the Cosmic Dawn Center at the University of Copenhagen's Niels Bohr Institute -- a center whose stated goal is to investigate and understand the dawn of the universe. This latest result brings them much closer to doing just that.




The research team has already applied for more observation time with the James Webb Space Telescope, with hopes of expanding upon their new result and learning more about the earliest epoch in the formation of galaxies.

"For now, this is about mapping our new observations of galaxies being formed in even greater detail than before. At the same time, we are constantly trying to push the limit of how far out into the universe we can see. So, perhaps we'll reach even further," says Simone Vejlgaard.

According to the researcher, the new knowledge contributes to answering one of humanity's most basic questions.

"One of the most fundamental questions that we humans have always asked is: 'Where do we come from?'. Here, we piece together a bit more of the answer by shedding light on the moment that some of the universe's first structures were created. It is a process that we'll investigate further, until hopefully, we are able to fit even more pieces of the puzzle together," concludes Associate Professor Gabriel Brammer.

The study was conducted by researchers Kasper E. Heintz, Darach Watson, Gabriel Brammer, Simone Vejlgaard, Anne Hutter, Victoria B. Strait, Jorryt Matthee, Pascal A. Oesch, Pall Jakobsson, Nial R. Tanvir, Peter Laursen, Rohan P. Naidu, Charlotte A. Mason, Meghana Killi, Intae Jung, Tiger Yu-Yang Hsiao, Abdurro'uf, Dan Coe, Pablo Arrabal Haro, Steven L. Finkelstein, & Sune Toft.

The Danish portion of the research is funded by the Danish National Research Foundation and the Carlsberg Foundation.

HOW THEY DID IT

Researchers were able to measure the formation of the universe's first galaxies by using sophisticated models of how light from these galaxies was absorbed by the neutral gas located in and around them. This transition is known as the Lyman-alpha transition.

By measuring the light, the researchers were able to distinguish gas from the newly formed galaxies from other gas. These measurements were only possible thanks to the James Webb Space Telescope's incredibly sensitive infrared spectrograph capabilities.

ABOUT THE EARLY UNIVERSE

The universe began its "life" about 13.8 billion years ago in an enormous explosion -- the Big Bang. The event gave rise to an abundance of subatomic particles such as quarks and electrons. These particles aggregated to form protons and neutrons, which later coalesced into atomic nuclei. Roughly 380,000 years after the Big Bang, electrons began to orbit atomic nuclei, and the simplest atoms of the universe gradually formed.

The first stars were formed after a few hundred million years. And within the hearts of these stars, the larger and more complex atoms that we have around us were formed.

Later, stars coalesced into galaxies. The oldest galaxies known to us were formed about 3-400 million years after the Big Bang. Our own solar system came into being about 4.6 billion years ago -- more than 9 billion years after the Big Bang.
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Psychedelic drug-induced hyperconnectivity in the brain helps clarify altered subjective experiences | ScienceDaily
A new study shows that the use of psilocybin, a compound found in the widely known "magic mushrooms," initiates a pattern of hyperconnectivity in the brain linked to the ego-modifying effects and feelings of oceanic boundlessness. The findings, appearing in Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, published by Elsevier, help explain the so-called mystical experiences people report during the use of psychedelics and are pertinent to the psychotherapeutic applications of psychedelic drugs to treat psychiatric disorders such as depression.


						
The concept of oceanic boundlessness refers to a sense of unity, blissfulness, insightfulness, and spiritual experience often associated with psychedelic sessions.

In one of the first brain imaging studies in psychedelic research, investigators found a specific association between the experiential, psychedelic state and whole-brain dynamic connectivity changes. While previous research has shown increases in static global brain connectivity under psychedelics, the current study shows that this state of hyperconnectivity is dynamic (changing over time) and its transition rate coincides with the feeling of oceanic boundlessness, a hallmark dimension of the psychedelic state.

Lead investigator Johannes G. Ramaekers, PhD, Department of Neuropsychology and Psychopharmacology, Faculty of Psychology and Neuroscience, Maastricht University, says, "Psilocybin has been one of the most studied psychedelics, possibly due to its potential contribution in treating different disorders, such as obsessive-compulsive disorder, death-related anxiety, depression, treatment-resistant depression, major depressive disorder, terminal cancer-associated anxiety, demoralization, smoking, and alcohol and tobacco addiction. What was not fully understood is what brain activity is associated with these profound experiences."

Psilocybin generates profound alterations both at the brain and the experiential level. The brain's tendency to enter a hyperconnected-hyperarousal pattern under psilocybin represents the potential to entertain variant mental perspectives. The findings of the new study illuminate the intricate interplay between brain dynamics and subjective experience under psilocybin, providing insights into the neurophysiology and neuro-experiential qualities of the psychedelic state.

Dr. Ramaekers adds, "Taken together, averaged and dynamic connectivity analyses suggest that psilocybin alters brain function such that the overall neurobiological pattern becomes functionally more connected, more fluid, and less modular."

Previously acquired functional magnetic resonance imaging (fMRI) data were analyzed for two groups of people; one group of 22 individuals received a single dose of psilocybin, the other 27 participants received a placebo. During the drug's peak effects, participants who received psilocybin reported substantial phenomenological changes compared to placebo. Also, brain connectivity analysis showed that a pattern characterized by global region-to-region connectivity was re-appearing across the acquisition time in the psilocybin group, potentially accounting for the variant mental associations that participants experience.




Moreover, this hyperconnected pattern was linked to oceanic boundlessness and unity, which indicates an important mapping between brain dynamics and subjective experience, pointing towards "egotropic effects" (vs hallucinergic) of the drug.

PhD candidate and co-author of the paper Larry Fort, University of Liege, emphasizes: "Psychedelic drugs like psilocybin are often referred to as hallucinogens both scientifically and colloquially. As such, we expected that the hallucinatory dimensions of experience would correlate the highest with psilocybin's hyperconnected pattern. However, hallucinatory experience had a strong, but weaker correlation with this pattern than ego-modifying experiences. This led us to formulate the term 'egotropic' to draw attention to these ego-modifying effects as important, perhaps even more so than their hallucinogenic counterparts."

Editor-in-Chief of Biological Psychiatry: Cognitive Neuroscience and Neuroimaging Cameron S. Carter, MD, University of California Irvine, comments, "This study uses readily available resting state fMRI images acquired after psilocybin ingestion to provide new insights into the neurophysiological mechanisms underlying the subjective and clinical effects of the drug. It sets the stage for future studies using other psychedelic agents to examine whether the dynamic connectivity effects reflect a general mechanism for the therapeutic effects of these compounds.

Lead investigator Athena Demertzi, PhD, Physiology of Cognition, GIGA-CRC In Vivo Imaging Center, University of Liege, adds, "We were pleasantly surprised to learn that the brain pattern of hyperconnected regions was further characterized by lower global signal amplitude, which works as a proxy to heightened cortical arousal. So far, this is the first time that such approximation of arousal levels using fMRI was attempted in psychedelic research. This might be an important correlation as we move towards a full characterization of brain states under psychedelics."

She concludes, "Given the resurgence in research regarding the psychotherapeutic applications of psychedelic drugs, our results are pertinent to understanding how subjective experience under psychedelics influences beneficial clinical outcomes. Is the effect driven by ego-dissolution? By hallucinations? As such, our work exemplifies how the strong inter-relatedness between egotropic effects of moderate dose psilocybin and its hyperconnected brain pattern can inform clinical focus on specific aspects of phenomenology, such as ego-dissolutions. With this information, healthcare professionals may learn how to best engineer psychedelic therapy sessions to produce the best clinical outcomes."
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