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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.


      
        Researchers harness blurred light to 3D print high quality optical components
        Researchers have developed a new 3D printing method called blurred tomography that can rapidly produce microlenses with commercial-level optical quality. The new method may make it easier and faster to design and fabricate a variety of optical devices.

      

      
        AI advancements make the leap into 3D pathology possible
        Researchers present Tripath: new, deep learning models that can use 3D pathology datasets to make clinical outcome predictions. The research team imaged curated prostate cancer specimens, using two 3D high-resolution imaging techniques. The models were then trained to predict prostate cancer recurrence risk on volumetric human tissue biopsies. By comprehensively capturing 3D morphologies from the entire tissue volume, Tripath performed better than pathologists and outperformed deep learning model...

      

      
        Robotic system feeds people with severe mobility limitations
        Researchers have developed a robotic feeding system that uses computer vision, machine learning and multimodal sensing to safely feed people with severe mobility limitations, including those with spinal cord injuries, cerebral palsy and multiple sclerosis.

      

      
        Generative AI that imitates human motion
        Walking and running is notoriously difficult to recreate in robots. Now, a group of researchers has overcome some of these challenges by creating an innovative method that employs central pattern generators -- neural circuits located in the spinal cord that generate rhythmic patterns of muscle activity -- with deep reinforcement learning. The method not only imitates walking and running motions but also generates movements for frequencies where motion data is absent, enables smooth transition mov...

      

      
        Rapid oyster reef restoration gives hope for repairing the sea
        After a century of functional extinction on the Australian mainland, a Flat oyster reef has been successfully restored along a metropolitan Adelaide coastline.

      

      
        Saturated soils could impact survival of young trees planted to address climate change
        New research has looked into the potential effects of increased rainfall in regions being earmarked for expansion of temperate rainforests. Amid global calls for more trees to be planted as part of efforts to combat climate change, this study highlights the importance of factoring in soil conditions when looking at where and how to create the temperate rainforests of the future.

      

      
        Discover optimal conditions for mass production of ultraviolet holograms
        Scientists delve into the composition of nanocomposites for ultraviolet metasurface fabrication.

      

      
        Astrophysicists discover a novel method for hunting the first stars
        A recent study has discovered a novel method for detecting the first-generations stars, known as Population III (Pop III) stars, which have never been directly detected. These potential discoveries about Pop III stars hold the promise of unlocking the secrets of the universe's origin and providing a deeper understanding of the remarkable journey from the primordial cosmos to the world we inhabit today.

      

      
        Fluidic systems resembling blood vascular tissues: Artificial blood vessels and biomedicine
        Nature has consistently inspired engineering applications. Recently, a group of researchers drew new inspirations from the vascular network and developed a new type of fluidic system named VasFluidics.

      

      
        An epigenome editing toolkit to dissect the mechanisms of gene regulation
        A recent study led to the development of a powerful epigenetic editing technology. The system unlocks the ability to precisely program chromatin modifications at any specific position in the genome, to understand their causal role in transcription regulation. This innovative approach will help to investigate the role of chromatin modifications in many biological processes, and to program desired gene activity responses, which may prove useful in disease settings.

      

      
        How biological aging clocks tick
        Aging clocks can measure the biological age of humans with high precision. Biological age can be influenced by environmental factors such as smoking or diet, thus deviating from the chronological age that is calculated using the date of birth. The precision of these aging clocks suggests that the aging process follows a program. Scientists have now discovered that aging clocks actually measure the increase in stochastic changes in cells.

      

      
        'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones
        Researchers lay out the need for design safety protocols that prevent the emerging 'digital afterlife industry' causing social and psychological harm.

      

      
        Chemists produce new-to-nature enzyme containing boron
        Chemists created an enzyme with boronic acid at its reactive center. This approach can produce more selective reactions with boron, and allows the use of directed evolution to improve its catalytic power.

      

      
        Neuropathy very common, underdiagnosed
        Neuropathy, the nerve damage that causes pain and numbness in the feet and hands and can eventually lead to falls, infection and even amputation, is very common and underdiagnosed, according to a new study.

      

      
        New insight into genesis of spina bifida
        Spina bifida is the most common structural disorder of the human nervous system. The causes are largely unknown, but a new study points to a link involving a chromosomal microdeletion -- and also underscores the value of folic acid as a preventive measure.

      

      
        'Wraparound' implants represent new approach to treating spinal cord injuries
        A tiny, flexible electronic device that wraps around the spinal cord could represent a new approach to the treatment of spinal injuries, which can cause profound disability and paralysis. A team of engineers, neuroscientists and surgeons developed the devices and used them to record the nerve signals going back and forth between the brain and the spinal cord. Unlike current approaches, the new devices can record 360-degree information, giving a complete picture of spinal cord activity.

      

      
        Strengthening CAR-T therapy to work against solid tumors
        Researchers have shown that a breakthrough therapy for treating blood cancers can be adapted to treat solid tumors -- an advance that could transform cancer treatment. The promising findings involve CAR-T cell therapy, which supercharges the immune system to identify and attack cancer cells.

      

      
        Exercise, new drug class recommended for management of hypertrophic cardiomyopathy
        Experts released a new clinical guideline for effectively managing individuals diagnosed with hypertrophic cardiomyopathy (HCM). The guideline reiterates the importance of collaborative decision-making with patients who have HCM and provides updated recommendations for the most effective treatment pathways for adult and pediatric patients.

      

      
        Heavy snowfall and rain may contribute to some earthquakes
        Episodes of heavy snowfall and rain likely contributed to a swarm of earthquakes over the past several years in northern Japan, researchers find. Their study shows climate conditions could initiate some earthquakes.

      

      
        Human activity is making it harder for scientists to interpret oceans' past
        New research shows human activity is significantly altering the ways in which marine organisms are preserved, with lasting effects that can both improve and impair the fossil record.

      

      
        Teens who view their homes as more chaotic than their siblings have poorer mental health in adulthood
        Adolescents who view their households as more unstructured, disorganized, or hectic than their siblings develop more mental health and behavioral problems in early adulthood, according to new research.

      

      
        A tailored vaccine could one day treat eczema in children
        New research suggests a 'tailored vaccine' might hold the key to treating bacteria-driven flares of eczema in children. The team has taken several leaps forward in understanding how the immune response works in cases of eczema driven by the common, troublesome Staphylococcus aureus bacterium, and in doing so they have identified new cellular targets for a vaccine.

      

      
        New study finds AI-generated empathy has its limits
        Conversational agents (CAs) such as Alexa and Siri are designed to answer questions, offer suggestions -- and even display empathy. However, new research finds they do poorly compared to humans when interpreting and exploring a user's experience.

      

      
        Climate resilience strategies in urban, rural areas
        Local decision-makers looking for ways to reduce the impact of heat waves on their communities have a valuable new capability at their disposal: a new study on vegetation resilience. Scientists completed a study of how well vegetation survived extreme heat events in both urban and rural communities across the country in recent years. The analysis informs pathways for climate mitigation, including ways to reduce the effect of urban heat islands.

      

      
        Pore pressure diffusion led to microseismicity at Illinois basin carbon sequestration site
        Pore pressure diffusion generated by carbon dioxide injected underground at a carbon storage site in the Illinois Basin is the likely cause of hundreds of microearthquakes that took place at the site between 2011 and 2012, according to a new analysis.

      

      
        Possible atmosphere surrounding rocky exoplanet
        Researchers may have detected atmospheric gases surrounding 55 Cancri e, a hot rocky exoplanet 41 light-years from Earth. This is the best evidence to date for the existence of any rocky planet atmosphere outside our solar system.

      

      
        Rock steady: Study reveals new mechanism to explain how continents stabilized
        Ancient, expansive tracts of continental crust called cratons have helped keep Earth's continents stable for billions of years, even as landmasses shift, mountains rise and oceans form. A new mechanism may explain how the cratons formed some 3 billion years ago, an enduring question in the study of Earth's history.

      

      
        New guidelines for depression care emphasize patient-centred approach
        Psychiatrists and mental health professionals have a new standard for managing major depression, thanks to refreshed clinical guidelines.

      

      
        Children sleep problems associated with psychosis in young adults
        Children who experience chronic lack of sleep from infancy may be at increased risk of developing psychosis in early adulthood, new research shows.

      

      
        Iron fingerprints in nearby active galaxy
        After starting science operations in February, Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) studied the monster black hole at the center of galaxy NGC 4151.

      

      
        Researchers say future is bright for treating substance abuse through mobile health technologies
        Despite the high prevalence of substance abuse and its often devastating outcomes, especially among disadvantaged populations, few Americans receive treatment for substance use disorders. However, the rise of mobile health technologies can make treatments more accessible.

      

      
        Damaging impact of heat waves on vital organs
        Researchers have found evidence of the molecular causes of the damaging impact heat stress causes on the gut, liver and brain in the elderly. These findings point to the potential of developing precise prognostic and therapeutic interventions.

      

      
        New record holder for smallest dispersers of ingested seeds: Woodlice
        Even bugs as small as woodlice can disperse seeds they eat, setting a new record for smallest animal recorded to do so. The discovery underscores the crucial yet often overlooked role that small invertebrates play in ecosystems.

      

      
        An adjuvant made in yeast could lower vaccine cost and boost availability
        Adjuvants make vaccines more effective, though one of the best is an expensive extract from the soap bark tree. To lower the cost and avoid the laborious extraction process from bark, synthetic biologists introduced 38 separate genes into yeast to recreate the synthesis of the active molecule, a complex chemical, QS-21, that has a terpene core and numerous sugars. This may be the longest biosynthetic pathway ever inserted into yeast.

      

      
        Disorder improves battery life
        What determines the cycle life of batteries? And, more importantly, how can we extend it? An international research team has discovered that local disorder in the oxide cathode material increases the number of times Li-ion batteries can be charged and discharged.

      

      
        New target for potential leukemia therapy
        Investigators discovered that a subset of myeloid and lymphoid leukemias depend on a molecular complex called PI3Kgamma for survival. The study provides both mechanistic and preclinical evidence supporting the rapid initiation of clinical trials for patients with acute myeloid leukemia (AML) to test an existing medicine that inhibits the complex, called eganelisib, both alone and in combination with the most used AML chemotherapy, cytarabine.

      

      
        Faster approach for starting extended-release naltrexone to treat opioid use disorder shown effective
        Starting people with opioid use disorder on extended-release, injectable naltrexone (XR-naltrexone) within five to seven days of seeking treatment is more effective than the standard treatment method of starting within 10-15 days, but requires closer medical supervision, according to results from a clinical trial. The findings suggest that this rapid treatment protocol could make XR-naltrexone more viable as a treatment option for opioid use disorder, which continues to take lives at an alarming ...

      

      
        Marine bacteria team up to produce a vital vitamin
        Two species of marine bacteria from the North Sea have established an unusual and sometimes destructive relationship to produce the important vitamin B12. The team's experiments show that the two microbial species have developed a coordinated strategy to obtain the scarce but essential vitamin.

      

      
        More than 321,000 U.S. children lost a parent to drug overdose from 2011 to 2021
        An estimated 321,566 children in the United States lost a parent to drug overdose from 2011 to 2021, according to a new study. The rate of children who experienced this loss more than doubled during this period, from approximately 27 to 63 children per 100,000. The highest number of affected children were those with non-Hispanic white parents, but communities of color and tribal communities were disproportionately affected.

      

      
        Childhood maltreatment responsible for up to 40 percent of mental health conditions
        A study has found the widespread impact of child abuse and neglect, with analysis suggesting they cause nearly half of common mental conditions. Researchers say childhood maltreatment should be treated as a public health priority.

      

      
        Stilling the quantum dance of atoms
        Researchers have discovered a way to stop the quantum dance of atoms 'seen' by electrons in carbon-based organic molecules. This development will help improve the performance of light emitting molecules used in displays and bio-medical imaging.

      

      
        How psychedelic drugs interact with serotonin receptors to potentially produce therapeutic benefits
        Researchers have shed valuable light on the complex mechanisms by which a class of psychedelic drugs binds to and activates serotonin receptors to produce potential therapeutic effects in patients with neuropsychiatric disorders such as depression and anxiety.

      

      
        Scientists find ancient, endangered lamprey fish in Queensland, 1400 km north of its previous known range
        Scientists have confirmed the identity of an unusual, ancient and Endangered species of fish that is living in the coastal rivers of Queensland, about 1400 km north of where it was previously known to live.

      

      
        Acceptance of animals in urban environments
        How do city residents feel about animals in their immediate surroundings? A recent study shows how different the acceptance of various wild animals in urban areas is. Important factors are the places where the animals are found and their level of popularity -- squirrels and ladybugs come out on top here. The results have important implications for urban planning and nature conservation.

      

      
        Pressure to be 'perfect' causing burnout for parents, mental health concerns for their children
        Is the status of 'perfect parent' attainable? Researchers leading a national dialogue about parental burnout say 'no,' and a new study finds that pressure to try to be 'perfect' leads to unhealthy impacts on both parents and their children.

      

      
        Limited adaptability makes freshwater bacteria vulnerable to climate change
        Freshwater bacteria with small genomes frequently undergo prolonged periods of adaptive stagnation. Based on genomic analyses of samples from European lakes, researchers uncovered specific evolutionary strategies that shape these bacteria's lifestyles. Understanding the evolutionary dynamics of aquatic microbial communities is key to safeguarding ecosystem services.

      

      
        Gene linked to learning difficulties has direct impact on learning and memory
        A gene previously linked to intellectual disability has been found to regulate learning and memory in mice.

      

      
        'Mathematical microscope' reveals novel, energy-efficient mechanism of working memory that works even during sleep
        Researchers have discovered a mechanism that creates memories while reducing metabolic cost, even during sleep. This efficient memory occurs in a part of the brain that is crucial for learning and memory, and where Alzheimer's disease begins.

      

      
        Natural compounds that selectively kill parasites
        An international team has found a family of natural compounds with potential as new and more effective treatments for parasitic worms. The compounds stall the unique metabolic process that worms use to survive in the human gut.

      

      
        THC lingers in breastmilk with no clear peak point
        When breastfeeding mothers in a recent study used cannabis, its psychoactive component THC showed up in the milk they produced. The research also found that, unlike alcohol, when THC was detected in milk there was no consistent time when its concentration peaked and started to decline. Importantly, the researchers discovered that the amount of THC they detected in milk was low -- they estimated that infants received an average of 0.07 mg of THC per day. For comparison, a common low-dose edible co...
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Researchers harness blurred light to 3D print high quality optical components | ScienceDaily
Canadian researchers have developed a new 3D printing method called blurred tomography that can rapidly produce microlenses with commercial-level optical quality. The new method may make it easier and faster to design and fabricate a variety of optical devices.


						
"We purposely added optical blurring to the beams of light used for this 3D printing method to manufacture precision optical components," said Daniel Webber from the National Research Council of Canada. "This enables production of optically smooth surfaces."

In Optica, Optica Publishing Group's journal for high-impact research, these researchers demonstrate the new method by using it to make a millimeter-sized plano-convex optical lens with an imaging performance similar to a commercially available glass lens. They also show that the method can produce optical components that are ready to use in just 30 minutes.

"We anticipate this method to be valuable for cost-effective and swift prototyping of optical components due to the affordability of the tomographic 3D printer and the materials used," said Webber. "Also, the inherent freeform nature of tomographic 3D printing could enable optical designers to simplify designs by replacing multiple standard optics with printed optics that have complex shapes."

Smoothing out the edges

Tomographic volumetric additive manufacturing is a relatively new manufacturing approach that uses projected light to solidify a light-sensitive resin in specific areas. It allows an entire part to be printed at once without any support structures. However, existing tomographic methods cannot directly print imaging-quality lenses because the pencil-like beams used cause striations that lead to small ridges on the component's surface. Although post-processing steps can be used to create smooth surfaces, these approaches add time and complexity, which takes away the rapid prototyping advantage associated with tomographic printing.

"Fabrication of optical components is costly due to the stringent technical specifications needed for a functioning lens, as well as the complex and time-consuming process of manufacturing," said Dr. Webber. "Blurred tomography can be used to make freeform designs in a low-cost manner. As the technology matures, it could allow much quicker prototyping for new optical devices, which would be useful for anyone from commercial manufacturers to garage-based inventors."

Creating tiny lenses




To test the new method, the researchers first created a simple plano-convex lens and showed that it had an imaging resolution comparable to a commercial glass lens with the same physical dimensions. It also exhibited a micron-scale form error, sub-nanometer surface roughness and a point spread function close to the glass lens.

They also made a 3x3 array of microlenses using blurred tomography and compared it to an array printed with conventional tomographic 3D printing. They found that it was not possible to image a business card with the array printed with conventional means due to large surface roughness, but it could be done with the array printed with blurred tomography. Additionally, the researchers demonstrated overprinting of a ball lens onto an optical fiber, which was previously only possible using an additive manufacturing technique known as two-photon polymerization.

They are now working to improve component accuracy by optimizing the light patterning method and by incorporating material parameters into the printing process. They also want to introduce automation of the printing time to make the system sufficiently robust for commercial use.

"Tomographic 3D printing is a rapidly maturing field that is finding use in many application areas," said Webber. "Here, we leverage the intrinsic advantages of this 3D printing method to fabricate millimeter-sized optical components. In doing so, we have added to the repertoire of optical manufacturing techniques a rapid and low-cost alternative that could potentially have an impact in future technologies."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240509110855.htm
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AI advancements make the leap into 3D pathology possible | ScienceDaily
Human tissue is intricate, complex and, of course, three dimensional. But the thin slices of tissue that pathologists most often use to diagnose disease are two dimensional, offering only a limited glimpse at the tissue's true complexity. There is a growing push in the field of pathology toward examining tissue in its three-dimensional form. But 3D pathology datasets can contain hundreds of times more data than their 2D counterparts, making manual examination infeasible.


						
In a new study, researchers from Mass General Brigham and their collaborators present Tripath: new, deep learning models that can use 3D pathology datasets to make clinical outcome predictions. In collaboration with the University of Washington, the research team imaged curated prostate cancer specimens, using two 3D high-resolution imaging techniques. The models were then trained to predict prostate cancer recurrence risk on volumetric human tissue biopsies. By comprehensively capturing 3D morphologies from the entire tissue volume, Tripath performed better than pathologists and outperformed deep learning models that rely on 2D morphology and thin tissue slices. Results are published in Cell.

While the new approach needs to be validated in larger datasets before it can be further developed for clinical use, the researchers are optimistic about its potential to help inform clinical decision making.

"Our approach underscores the importance of comprehensively analyzing the whole volume of a tissue sample for accurate patient risk prediction, which is the hallmark of the models we developed and only possible with the 3D pathology paradigm," said lead author Andrew H. Song, PhD, of the Division of Computational Pathology in the Department of Pathology at Mass General Brigham.

"Using advancements in AI and 3D spatial biology techniques, Tripath provides a framework for clinical decision support and may help reveal novel biomarkers for prognosis and therapeutic response," said co-corresponding author Faisal Mahmood, PhD, of the Division of Computational Pathology in the Department of Pathology at Mass General Brigham.

"In our prior work in computational 3D pathology, we looked at specific structures such as the prostate gland network, but Tripath is our first attempt to use deep learning to extract sub-visual 3D features for risk stratification, which shows promising potential for guiding critical treatment decisions," said co-corresponding author Jonathan Liu, PhD, at the University of Washington.

Disclosures: Song and Mahmood are inventors on a provisional patent that corresponds to the technical and methodological aspects of this study. Liu is a co-founder and board member of Alpenglow Biosciences, Inc., which has licensed the OTLS microscopy portfolio developed in his lab at the University of Washington.

Funding: Authors report funding support from the Brigham and Women's Hospital (BWH) President's Fund, Mass General Hospital (MGH) Pathology, the National Institute of General Medical Sciences (R35GM138216), Department of Defense (DoD) Prostate Cancer Research Program (W81WH-18-10358 and W81XWH-20-1-0851), the National Cancer Institute (R01CA268207), the National Institute of Biomedical Imaging and Bioengineering (R01EB031002), the Canary Foundation, the NCI Ruth L. Kirschstein National Service Award (T32CA251062), the Leon Troper Professorship in Computational Pathology at Johns Hopkins University, UKRI, mdxhealth, NHSX, and Clarendon Fund.
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Robotic system feeds people with severe mobility limitations | ScienceDaily
Cornell researchers have developed a robotic feeding system that uses computer vision, machine learning and multimodal sensing to safely feed people with severe mobility limitations, including those with spinal cord injuries, cerebral palsy and multiple sclerosis.


						
"Feeding individuals with severe mobility limitations with a robot is difficult, as many cannot lean forward and require food to be placed directly inside their mouths," said Tapomayukh "Tapo" Bhattacharjee, assistant professor of computer science in the Cornell Ann S. Bowers College of Computing and Information Science and senior developer behind the system. "The challenge intensifies when feeding individuals with additional complex medical conditions."

A paper on the system, "Feel the Bite: Robot-Assisted Inside-Mouth Bite Transfer using Robust Mouth Perception and Physical Interaction-Aware Control," was presented at the Human Robot Interaction conference, held March 11-14, in Boulder, Colorado. It received a Best Paper Honorable Mention recognition, while a demo of the research team's broader robotic feeding system received a Best Demo Award.

A leader in assistive robotics, Bhattacharjee and his EmPRISE Lab have spent years teaching machines the complex process by which we humans feed ourselves. It's a complicated challenge to teach a machine -- everything from identifying food items on a plate, picking them up and then transferring it inside the mouth of a care recipient.

"This last 5 centimeters, from the utensil to inside the mouth, is extremely challenging," Bhattacharjee said.

Some care recipients may have very limited mouth openings, measuring less than 2 centimeters, while others experience involuntary muscle spasms that can occur unexpectedly, even when the utensil is inside their mouth, Bhattacharjee said. Further, some can only bite food at specific locations inside their mouth, which they indicate by pushing the utensil using their tongue, he said.

"Current technology only looks at a person's face once and assumes they will remain still, which is often not the case and can be very limiting for care recipients," said Rajat Kumar Jenamani, the paper's lead author and a doctoral student in the field of computer science.




To address these challenges, researchers developed and outfitted their robot with two essential features: real-time mouth tracking that adjusts to users' movements, and a dynamic response mechanism that enables the robot to detect the nature of physical interactions as they occur, and react appropriately. This enables the system to distinguish between sudden spasms, intentional bites and user attempts to manipulate the utensil inside their mouth, researchers said.

The robotic system successfully fed 13 individuals with diverse medical conditions in a user study spanning three locations: the EmPRISE Lab on the Cornell Ithaca campus, a medical center in New York City, and a care recipient's home in Connecticut. Users of the robot found it to be safe and comfortable, researchers said.

"This is one of the most extensive real-world evaluations of any autonomous robot-assisted feeding system with end-users," Bhattacharjee said.

The team's robot is a multi-jointed arm that holds a custom-built utensil at the end that can sense the forces being applied on it. The mouth tracking method -- trained on thousands of images featuring various participants' head poses and facial expressions -- combines data from two cameras positioned above and below the utensil. This allows for precise detection of the mouth and overcomes any visual obstructions caused by the utensil itself, researchers said. This physical interaction-aware response mechanism uses both visual and force sensing to perceive how users are interacting with the robot, Jenamani said.

"We're empowering individuals to control a 20-pound robot with just their tongue," he said.

He cited the user studies as the most gratifying aspect of the project, noting the significant emotional impact of the robot on the care recipients and their caregivers. During one session, the parents of a daughter with schizencephaly quadriplegia, a rare birth defect, witnessed her successfully feed herself using the system.




"It was a moment of real emotion; her father raised his cap in celebration, and her mother was almost in tears," Jenamani said.

While further work is needed to explore the system's long-term usability, its promising results highlight the potential to improve care recipients' level of independence and quality of life, researchers said.

"It's amazing," Bhattacharjee said, "and very, very fulfilling."

Paper co-authors are: Daniel Stabile, M.S. '23; Ziang Liu, a doctoral student in the field of computer science; Abrar Anwar of the University of South California, and Katherine Dimitropoulou of Columbia University.

This research was funded primarily by the National Science Foundation.
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Generative AI that imitates human motion | ScienceDaily
Walking and running is notoriously difficult to recreate in robots. Now, a group of researchers has overcome some of these challenges by creating an innovative method that employs central pattern generators -- neural circuits located in the spinal cord that generate rhythmic patterns of muscle activity -- with deep reinforcement learning. An international group of researchers has created a new approach to imitating human motion through combining central pattern generators (CPGs) and deep reinforcement learning (DRL). The method not only imitates walking and running motions but also generates movements for frequencies where motion data is absent, enables smooth transition movements from walking to running, and allows for adapting to environments with unstable surfaces.


						
Details of their breakthrough were published in the journal IEEE Robotics and Automation Letters on April 15, 2024.

We might not think about it much, but walking and running involves inherent biological redundancies that enable us to adjust to the environment or alter our walking/running speed. Given the intricacy and complexity of this, reproducing these human-like movements in robots is notoriously challenging.

Current models often struggle to accommodate unknown or challenging environments, which makes them less efficient and effective. This is because AI is suited for generating one or a small number of correct solutions. With living organisms and their motion, there isn't just one correct pattern to follow. There's a whole range of possible movements, and it is not always clear which one is the best or most efficient.

DRL is one way researchers have sought to overcome this. DRL extends traditional reinforcement learning by leveraging deep neural networks to handle more complex tasks and learn directly from raw sensory inputs, enabling more flexible and powerful learning capabilities. Its disadvantage is the huge computational cost of exploring vast input space, especially when the system has a high degree of freedom.

Another approach is imitation learning, in which a robot learns by imitating motion measurement data from a human performing the same motion task. Although imitation learning is good at learning on stable environments, it struggles when faced with new situations or environments it hasn't encountered during training. Its ability to modify and navigate effectively becomes constrained by the narrow scope of its learned behaviors.

"We overcame many of the limitations of these two approaches by combining them," explains Mitsuhiro Hayashibe, a professor at Tohoku University's Graduate School of Engineering. "Imitation learning was used to train a CPG-like controller, and, instead of applying deep learning to the CPGs itself, we applied it to a form of a reflex neural network that supported the CPGs."

CPGs are neural circuits located in the spinal cord that, like a biological conductor, generate rhythmic patterns of muscle activity. In animals, a reflex circuit works in tandem with CPGs to provide adequate feedback that allows them to adjust their speed and walking/running movements to suit the terrain.




By adopting the structure of CPG and its reflexive counterpart, the adaptive imitated CPG (AI-CPG) method achieves remarkable adaptability and stability in motion generation while imitating human motion.

"This breakthrough sets a new benchmark in generating human-like movement in robotics, with unprecedented environmental adaptation capability," adds Hayashibe "Our method represents a significant step forward in the development of generative AI technologies for robot control, with potential applications across various industries."

The research group comprised members from Tohoku University's Graduate School of Engineering and the Ecole Polytechnique Federale de Lausanne, or the Swiss Federal Institute of Technology in Lausanne.
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Rapid oyster reef restoration gives hope for repairing the sea | ScienceDaily
After a century of functional extinction on the Australian mainland, a Flat oyster reef has been successfully restored along a metropolitan Adelaide coastline.


						
Research by University of Adelaide marine scientists has revealed that the astonishing ecological recovery occurred within two and a half years of the reef being constructed, providing hope for the future of marine ecosystems around the world.

"In late 2020, 14 limestone boulder reefs were constructed along the busiest coastline in South Australia, and it took just two and a half years for the habitat to become a thriving marine metropolis," says Dr Dominic McAfee of the University of Adelaide's School of Biological Sciences.

"The rate of recovery of this particular restoration shows that even heavily degraded marine systems can retain a latent resilience that enables us to achieve rapid environmental recoveries through effective restoration efforts."

With no functional Flat oyster reef ecosystems on the Australian mainland, Dr McAfee's research team used local rocky reef ecosystems and Australia's sole remaining Flat oyster reef, located in Tasmania, as reference models.

"At the restored reef, we have observed densities of restored native adult Flat oysters that exceeded densities observed on the Tasmanian natural reef," says Dr McAfee.

"Communities of macroinvertebrates on the reef restoration represented approximately 60 per cent of the biodiversity observed on healthy rocky reef reference systems, while ecological functions, such as filter feeding, are demonstrably increasing.




"The rate of recovery of this benthic ecosystem demonstrates the latent resilience of degraded oyster communities and the capacity for effective marine restorations to achieve rapid ecological recoveries."

While oyster reefs were once common along Australia's southern coastline and created temperate reef ecosystems, they have become increasingly rare around the world.

"Destructive human activities, like seafloor dredging, which razes entire marine communities, have turned seafloors into structurally simplified habitats with little settlement substrata or localised adult oysters to seed recovery," says Dr McAfee.

"Globally, 85 per cent of oyster reefs have been lost, and on many coastlines these ecosystems were near obliterated."

The reefs are particularly important for the function oysters play in the ecosystem.

"Oysters are ecological superheroes that function like trees in a forest or coral in tropical seas," says Dr McAfee.

"They provide habitat for many other marine animals, boost fish production, protect shorelines from stormy seas, and even clean the water with their filter feeding."

Dr McAfee says the results of this project will have implications for lost oyster-reef ecosystems around the country.

"We've lost oyster reefs over thousands of kilometres of Australian coastline. This rapid recovery shows we can bring them back rapidly and can serve as a template for other projects on how to bring these reefs back," Dr McAfee says.
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Saturated soils could impact survival of young trees planted to address climate change | ScienceDaily
The saturated soil conditions predicted to result from increased rainfall in the UK's upland regions could have a knock-on effect on the ambition to create more woodland in the fight against climate change, a new study has found.


						
Researchers from the University of Plymouth have spent a number of years exploring how temperate rainforests could be an effective nature-based solution to some of the planet's greatest challenges.

They have also shown that the UK's uplands could in future see significantly more annual rainfall than is currently being predicted in national climate models.

In new research, they found that higher soil water levels within areas such as Dartmoor, the Lake District and the Scottish Highlands could have a significant impact on the survival rates of both acorns and juvenile oak saplings.

Published in the journal Forest Ecology and Management, it is the first study to highlight the importance of factoring in soil conditions when looking at where and how to create the temperate rainforests of the future.

Dr Thomas Murphy, Lecturer in Environmental Sciences at the University of Plymouth, is the study's lead author. He said: "In recent years, there have been increasing calls to plant more trees as part of the global effort to combat climate change. Restoration and expansion of temperate rainforests, which are a globally rare ecosystem, is seen as one of the potential solutions. But with our previous work also predicting an increase in future rainfall we wanted to know if the woodlands we create will support naturally colonising trees in future. Our results show that higher water levels within soils directly contribute to reduced survival of both acorns and young oak trees. We believe it provides landowners, land managers and policy makers with important information as to which species might work in particular locations to support more resilient future rainforests."

For the study, researchers planted acorns from English oaks (Quercus robur) in containers with four soil states, from completely flooded to low saturation where the water level was 220mm below the acorn.




The acorns did not survive in the flooded soils, but survival rates improved gradually - 43% at high saturation, 77% at medium saturation, and 83% at low saturation - as the water level dropped.

The surviving seedlings also exhibited reduced root:shoot ratio, leaf photosynthesis, and a lower likelihood of late season shoot growth in soils of higher saturation.

In a concurrent field experiment, juvenile English oak and Sessile oak (Quercus petraea) saplings were planted in a region of Dartmoor that is seasonally waterlogged and frequented by grazing livestock.

In these tests, the English oaks exhibited greater shoot growth and leaf photosynthesis than its close relation in areas where the soil was more saturated.

The researchers, including environmental scientists and ecologists, say the results highlight the need for better understanding of soil influence on tree development.

Dr Murphy added: "There has been extensive talk about how larger trees respond to the effects of climate change. But these results show we need to factor in the response of young trees as well, especially if they are being envisioned as an integral part of the solution. By examining their response to conditions now, while also thinking about what these locations are going to be like in 50 years' time, we can better understand the right trees for the right locations, and hopefully make these woodlands more resilient in the long-term."
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Discover optimal conditions for mass production of ultraviolet holograms | ScienceDaily
Professor Junsuk Rho from the Department of Mechanical Engineering, Chemical Engineering, and Electrical Engineering, Hyunjung Kang and Nara Jeon, PhD candidates, from Department of Mechanical Engineering and Dongkyo Oh, a PhD student, from the Department of Mechanical Engineering at Pohang University of Science and Technology (POSTECH) successfully conducted a thorough quantitative analysis. Their aim is to determine the ideal printing material for crafting ultraviolet metasurfaces. Their findings featured in the journal Microsystems & Nanoengineering on April 22.


						
Metasurfaces, these ultra-thin optical devices, possess the remarkable ability to control light down to a mere nanometer thickness. Metasurfaces have consistently been the subject of research as a pivotal technology for the advancement of next-generation displays, imaging, and biosensing. Their reach extends beyond visible light, delving into the realms of infrared and ultraviolet light.

Nanoimprint lithography is a technology in metasurface production, akin to a stamp generating numerous replicas from a single mold. This innovative technique promises affordable and large-scale manufacturing of metasurfaces, paving the way for their commercial viability. However, the resin utilized as the printing material suffers from a drawback -- a low refractive index, hindering efficient light manipulation. To tackle this challenge, researchers are actively exploring nanocomposites, integrating nanoparticles into the resin to boost its refractive index. Yet, the efficacy of this approach depends on various factors such as nanoparticle type and solvent choice, necessitating a systematic analysis for optimal metasurface performance.

In their research, the team meticulously designed experiments to evaluate the impact of nanoparticle concentration and solvent selection on pattern transfer and UV metaholograms. Specifically, they manipulated the concentration of zirconium dioxide (ZrO2), a nanocomposite renowned for its effectiveness in UV metahologram production, ranging from 20% to 90%. The findings showed that the highest pattern transfer efficiency was attained at an 80% concentration level.

Moreover, when combining ZrO2 at an 80% concentration with various solvents such as methylisobutyl ketone, methyl ethyl ketone, and acetone for metahologram realization, the conversion efficiency soared in the ultraviolet spectrum (325 nm), reaching impressive levels of 62.3%, 51.4%, and 61.5%, respectively. This research marks a significant milestone by establishing an optimal metric for achieving metaholograms specifically tailored for the ultraviolet domain, as opposed to the visible range, while also pioneering the development of new nanocomposites.

Professor Junsuk Rho from POSTECH remarked, "The use of titanium dioxide (TiO2) and silicon (Si) nanocomposites instead of ZrO2 expands the applicability to visible and infrared light." He expressed expectation by stating, "Our future research endeavors will focus on refining the preparation conditions for optimal nanocomposites, thus propelling the advancement, application and expansion of optical metasurface fabrication technology."

The research was conducted with support from the STEAM Research Program, the RLRC Program, and the Nano-materials Source Technology Development Project of the National Research Foundation of Korea and the Ministry of Science and ICT, the Alchemist Project of Ministry of Trade, Industry and Energy and the Korea Planning & Evaluation Institute of Industrial Technology, and the N.EX.T IMPACT of POSCO Holdings.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240509110801.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astrophysicists discover a novel method for hunting the first stars | ScienceDaily
A recent study led by the research group of Professor Jane Lixin DAI of the Department of Physics at The University of Hong Kong (HKU) has discovered a novel method for detecting the first-generations stars, known as Population III (Pop III) stars, which have never been directly detected. The research has been widely acknowledged by the international astronomy community with a highlight from the Space Telescope Science Institute, which operates several NASA telescopes. These potential discoveries about Pop III stars hold the promise of unlocking the secrets of the universe's origin and providing a deeper understanding of the remarkable journey from the primordial cosmos to the world we inhabit today. Their findings have recently been published in The Astrophysical Journal Letters.


						
Shortly after the Universe began with the Big Bang, the first stars, composed mainly of hydrogen and helium, began to form. The properties of these first-generation stars, Pop III, are very different from stars like our own Sun or even the ones that are forming today. They were tremendously hot, gigantic in size and mass, but very short-lived. Pop III stars are the first factories to synthesise most elements heavier than hydrogen and helium around us today. They are also very important for forming later generations of stars and galaxies. However, there have not been convincing direct detections of Pop III stars up to now, as these stars formed in the early universe are very far away and way too faint for any of our telescopes on the ground or in space.

For the first time, HKU scientists discovered a novel method for detecting these first stars in the early Universe. A recent study led by the research group of Professor Jane Lixin DAI of the Department of Physics at HKU proposed that a Pop III star can be torn apart into pieces by tidal force if it wanders into the vicinity of a massive black hole. In such a tidal disruption event (TDE), the black hole feasts on the stellar debris and produces very luminous flares. The researchers investigated the complex physical process involved and demonstrated that these flares can shine across billions of light years to reach us today. Most importantly, they have found that the unique signatures of these TDE flares can be used to identify the existence of Pop III stars and gain insights into their properties.

"As the energetic photons travel from a very faraway distance, the timescale of the flare will be stretched due to the expansion of the Universe. These TDE flares will rise and decay over a very long period of time, which sets them apart from the TDEs of solar-type stars in the nearby Universe," said Professor Jane Dai, principal investigator and the corresponding author of the project. "Interestingly, not only are the timescales of the flares are stretched, so is their wavelength. The optical and ultraviolet light emitted by the TDE will be transferred to infrared emissions when reaching the Earth." Dr Rudrani KAR CHOWDHURY, Postdoctoral Fellow of the Department of Physics at HKU and the first author of the paper, further added.

What makes the discovery more exciting is that two NASA flagship missions, the recently launched James Webb Space Telescope (JWST) and the upcoming Nancy Grace Roman Space Telescope (Roman), have the capability to observe such infrared emissions from great distances. Professor Priya NATARAJAN of the Department of Astronomy and Physics at Yale University and a co-author of the paper mentioned, "Roman's unique capabilities of simultaneously being able to observe a large area of the sky and peeking deep into early Universe makes it a promising probe for detecting these Pop III TDE flares, which would in turn serve as an indirect discovery of Pop III stars." Ms Janet CHANG, a PhD student at the Department of Physics at HKU and co-author of the paper, added, "We expect that a few dozens of these events will be detected by Roman every year if the right observation strategy is pursued." With these findings in mind, the next decade presents significant potential for identifying these distinct sources, leading to exciting revelations about Pop III stars and unraveling the mysteries of the universe's inception.
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Fluidic systems resembling blood vascular tissues: Artificial blood vessels and biomedicine | ScienceDaily
The fluidic system can modulate fluid compositions via spatially-different reactions between fluids and channel walls, something that has not yet been realised in traditional fluidic systems. This work was conducted by the research team of Professor Anderson Ho Cheung Shum's Microfluidics and Soft Matter Team in the Department of Mechanical Engineering of the Faculty of Engineering. This discovery has been published in Nature Communications, titled "Vascular network-inspired fluidic system (VasFluidics) with spatially functionalisable membranous walls."


						
"The brilliant control over blood compositions in vessels is remarkable and essential, inspiring us to think about how to design new fluidic systems," shared Yafeng Yu, the first author of the research project.

The blood vascular network, a natural fluidic system, inspired the research. "Guided" by the vascular network, Professor Shum's team developed VasFluidics, a fluidic system with functionalisable membrane walls. Similar to blood vessel walls, the walls of VasFluidic channels are thin, soft, and capable of changing liquid compositions via physical or chemical means.

This study demonstrates the power of VasFluidics in fluid processing. After separated channel regions are deposited with solutions or coated with enzymes, some regions of the VasFluidic channels physically allow specific molecules to pass through the channel walls, while some chemically change liquid compositions. The results are reminiscent of glucose adsorption and metabolism processes in the human body.

"VasFluidics is quite different from the traditional fluidic systems. Channel walls of traditional devices are typically impermeable, and cannot work like real tissues to 'communicate' with fluids inside or outside the channel for fluid modulation." Yafeng Yu explained.

The reported technique combines 3D printing and self-assembly of soft materials. The research group prints one liquid within another immiscible liquid, assembling soft membranes on the liquid-liquid interface. Besides microfluidics-related research, Professor Shum's group also focuses on soft material assembly on the liquid interface. The theoretical and experimental basis of soft materials in their previous research paves the way for fabricating VasFluidic devices.

"VasFluidics has promising applications, especially for designing microtubule structures and bioinks. So it has great potential to be combined with cell engineering to develop artificial blood vessel models, which are expected to be used in biomedical applications, such as organ-on-chip and organoids," said Dr Yi Pan, a contributor to this research, previously a PhD student in Professor Shum's group, and currently an Associate Professor of the College of Medicine at the Southwest Jiaotong University.




Dr Wei Guo, another contributor to this research and a Research Assistant Professor in Professor Shum's group, added: "Apart from the scientific merits and potential biomedical applications of this work, it also sparks our imagination. The vascular tissue of the human body, an efficient transport system, has been refined over millions of years of evolution. By demonstrating the potential of synthetic systems like VasFluidics to reconstruct vascular tissue, this research represents a substantial advancement in our efforts to mimic and harness the extraordinary capabilities of nature's most precise and efficient systems."

Professor Shum's team has been focusing on cutting-edge microfluidic techniques to push the envelope in precise (bio)liquid control and efficient (bio)liquid sample analysis. Despite their progress in microfluidics-assisted biomedical applications, the research team refused to just settle on the traditional setups. By exploring and realising the potential of microfluidics for more efficient biofluid processing and analysis, the team realises that new paradigms in designing and fabricating fluidic devices are needed.

"Our long-term goal is to utilise microfluidics to develop ultra-sensitive analysis of human body fluids, to assist precision medicine against diseases, and to benefit human health." Professor Shum said.

Professor Shum foresees that the VasFluidics system will pioneer biomimetic platforms with complex fluid manipulation. "Potential biomedical applications are boundless. Examples are in-vitro modelling of biological fluid mechanics, biomolecule synthesis, drug screening, and disease modelling in organ-on-chips." He said.
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An epigenome editing toolkit to dissect the mechanisms of gene regulation | ScienceDaily
Understanding how genes are regulated at the molecular level is a central challenge in modern biology. This complex mechanism is mainly driven by the interaction between proteins called transcription factors, DNA regulatory regions, and epigenetic modifications -- chemical alterations that change chromatin structure. The set of epigenetic modifications of a cell's genome is referred to as the epigenome.


						
In a study just published in Nature Genetics, scientists from the Hackett Group at EMBL Rome have developed a modular epigenome editing platform -- a system to program epigenetic modifications at any location in the genome. The system allows scientists to study the impact of each chromatin modification on transcription, the mechanism by which genes are copied into mRNA to drive protein synthesis.

Chromatin modifications are thought to contribute to the regulation of key biological processes such as development, response to environmental signals, and disease.

To understand the effects of specific chromatin marks on gene regulation, previous studies have mapped their distribution in the genomes of healthy and diseased cell types. By combining this data with gene expression analysis and the known effects of perturbing specific genes, scientists have ascribed functions to such chromatin marks.

However, the causal relationship between chromatin marks and gene regulation has proved difficult to determine. The challenge lies in dissecting the individual contributions of the many complex factors involved in such regulation -- chromatin marks, transcription factors, and regulatory DNA sequences.

Scientists from the Hackett Group developed a modular epigenome editing system to precisely program nine biologically important chromatin marks at any desired region in the genome. The system is based on CRISPR -- a widely used genome editing technology that allows researchers to make alterations in specific DNA locations with high precision and accuracy.

Such precise perturbations enabled them to carefully dissect cause-and-consequence relationships between chromatin marks and their biological effects. The scientists also designed and employed a 'reporter system', which allowed them to measure changes in gene expression at single-cell level and to understand how changes in the DNA sequence influence the impact of each chromatin mark. Their results reveal the causal roles of a range of important chromatin marks in gene regulation.

For example, the researchers found a new role for H3K4me3, a chromatin mark that was previously believed to be a result of transcription. They observed that H3K4me3 can actually increase transcription by itself if artificially added to specific DNA locations. "This was an extremely exciting and unexpected result that went against all our expectations," said Cristina Policarpi, postdoc in the Hackett Group and leading scientist of the study. "Our data point towards a complex regulatory network, in which multiple governing factors interact to modulate the levels of gene expression in a given cell. These factors include the pre-existing structure of the chromatin, the underlying DNA sequence, and the location in the genome."

Hackett and colleagues are currently exploring avenues to leverage this technology through a promising start-up venture. The next step will be to confirm and expand these conclusions by targeting genes across different cell types and at scale. How chromatin marks influence transcription across the diversity of genes and downstream mechanisms, also remains to be clarified.

"Our modular epigenetic editing toolkit constitutes a new experimental approach to dissect the reciprocal relationships between the genome and epigenome," said Jamie Hackett, Group Leader at EMBL Rome. "The system could be used in the future to more precisely understand the importance of epigenomic changes in influencing gene activity during development and in human disease. On the other hand, the technology also unlocks the ability to program desired gene expression levels in a highly tunable manner. This is an exciting avenue for precision health applications and may prove useful in disease settings."
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How biological aging clocks tick | ScienceDaily
Aging clocks can measure the biological age of humans with high precision. Biological age can be influenced by environmental factors such as smoking or diet, thus deviating from the chronological age that is calculated using the date of birth. The precision of these aging clocks suggests that the aging process follows a programme. Scientists David Meyer and Professor Dr Bjorn Schumacher at CECAD, the Cluster of Excellence Cellular Stress Responses in Aging-Associated Diseases of the University of Cologne, have now discovered that aging clocks actually measure the increase in stochastic changes in cells. The study 'Aging clocks based on accumulating stochastic variation' has been published in Nature Aging.


						
"Aging is triggered when the building blocks in our cells become damaged. Where this damage occurs is for the most part random. Our work combines the accuracy of aging clocks with the accumulation of entirely stochastic changes in our cells," said Professor Schumacher.

Less checks, more noise

With increasing age, controlling the processes that occur in our cells becomes less effective, resulting in more stochastic results. This is particularly evident in the accumulation of stochastic changes in DNA methylation. Methylation refers to the chemical changes that affect DNA, the genome's building blocks. These methylation processes are strictly regulated within the body. However, during the course of one's life, random changes occur in the methylation patterns. The accumulation of variation is a highly accurate indicator of a person's age.

The loss of control over the cells and the increase in stochastic variation is not restricted to DNA methylation. Meyer and Schumacher demonstrate that the increase in stochastic variations also in the gene activity can be used as an aging clock. "In principle it would be feasible to take this even further, allowing the stochastic variations in any process in the cell to predict age," Schumacher said. According to the authors, it is above all crucial to ascertain if such aging clocks can show the success of interventions that slow the aging process or harmful factors that accelerate aging.

Using the available datasets, the scientists showed that smoking increases the random changes in humans and that 'anti-aging' interventions such as lower calorie intake in mice reduces the variation in methylation patterns. They also showed that the stochastic noise is even reversible by means of reprogramming body cells to stem cells. The scientists compared human fibroblasts from the skin that were reprogrammed into stem cells and as a result of the reprogramming are rejuvenating. The high variation indicative of the age of the body cells was indeed reversed to the low stochastic noise of young stem cells.

Meyer and Schumacher hope that their findings on loss of regulation and the accumulating stochastic variations will lead to new interventions that can tackle the root cause of aging and may even lead to cellular rejuvenation. A target for such interventions could be repairing stochastic changes in DNA or improved control of gene expression.
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'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones | ScienceDaily
Artificial intelligence that allows users to hold text and voice conversations with lost loved ones runs the risk of causing psychological harm and even digitally "haunting" those left behind without design safety standards, according to University of Cambridge researchers.


						
'Deadbots' or 'Griefbots' are AI chatbots that simulate the language patterns and personality traits of the dead using the digital footprints they leave behind. Some companies are already offering these services, providing an entirely new type of "postmortem presence."

AI ethicists from Cambridge's Leverhulme Centre for the Future of Intelligence outline three design scenarios for platforms that could emerge as part of the developing "digital afterlife industry," to show the potential consequences of careless design in an area of AI they describe as "high risk."

The research, published in the journal Philosophy and Technology, highlights the potential for companies to use deadbots to surreptitiously advertise products to users in the manner of a departed loved one, or distress children by insisting a dead parent is still "with you."

When the living sign up to be virtually re-created after they die, resulting chatbots could be used by companies to spam surviving family and friends with unsolicited notifications, reminders and updates about the services they provide -- akin to being digitally "stalked by the dead."

Even those who take initial comfort from a 'deadbot' may get drained by daily interactions that become an "overwhelming emotional weight," argue researchers, yet may also be powerless to have an AI simulation suspended if their now-deceased loved one signed a lengthy contract with a digital afterlife service.

"Rapid advancements in generative AI mean that nearly anyone with Internet access and some basic know-how can revive a deceased loved one," said Dr Katarzyna Nowaczyk-Basi?ska, study co-author and researcher at Cambridge's Leverhulme Centre for the Future of Intelligence (LCFI).




"This area of AI is an ethical minefield. It's important to prioritise the dignity of the deceased, and ensure that this isn't encroached on by financial motives of digital afterlife services, for example.

"At the same time, a person may leave an AI simulation as a farewell gift for loved ones who are not prepared to process their grief in this manner. The rights of both data donors and those who interact with AI afterlife services should be equally safeguarded."

Platforms offering to recreate the dead with AI for a small fee already exist, such as 'Project December', which started out harnessing GPT models before developing its own systems, and apps including 'HereAfter'. Similar services have also begun to emerge in China.

One of the potential scenarios in the new paper is "MaNana": a conversational AI service allowing people to create a deadbot simulating their deceased grandmother without consent of the "data donor" (the dead grandparent).

The hypothetical scenario sees an adult grandchild who is initially impressed and comforted by the technology start to receive advertisements once a "premium trial" finishes. For example, the chatbot suggesting ordering from food delivery services in the voice and style of the deceased.

The relative feels they have disrespected the memory of their grandmother, and wishes to have the deadbot turned off, but in a meaningful way -- something the service providers haven't considered.




"People might develop strong emotional bonds with such simulations, which will make them particularly vulnerable to manipulation," said co-author Dr Tomasz Hollanek, also from Cambridge's LCFI.

"Methods and even rituals for retiring deadbots in a dignified way should be considered. This may mean a form of digital funeral, for example, or other types of ceremony depending on the social context."

"We recommend design protocols that prevent deadbots being utilised in disrespectful ways, such as for advertising or having an active presence on social media."

While Hollanek and Nowaczyk-Basi?ska say that designers of re-creation services should actively seek consent from data donors before they pass, they argue that a ban on deadbots based on non-consenting donors would be unfeasible.

They suggest that design processes should involve a series of prompts for those looking to "resurrect" their loved ones, such as 'have you ever spoken with X about how they would like to be remembered?', so the dignity of the departed is foregrounded in deadbot development.

Another scenario featured in the paper, an imagined company called "Paren't," highlights the example of a terminally ill woman leaving a deadbot to assist her eight-year-old son with the grieving process.

While the deadbot initially helps as a therapeutic aid, the AI starts to generate confusing responses as it adapts to the needs of the child, such as depicting an impending in-person encounter.

The researchers recommend age restrictions for deadbots, and also call for "meaningful transparency" to ensure users are consistently aware that they are interacting with an AI. These could be similar to current warnings on content that may cause seizures, for example.

The final scenario explored by the study -- a fictional company called "Stay" -- shows an older person secretly committing to a deadbot of themselves and paying for a twenty-year subscription, in the hopes it will comfort their adult children and allow their grandchildren to know them.

After death, the service kicks in. One adult child does not engage, and receives a barrage of emails in the voice of their dead parent. Another does, but ends up emotionally exhausted and wracked with guilt over the fate of the deadbot. Yet suspending the deadbot would violate the terms of the contract their parent signed with the service company.

"It is vital that digital afterlife services consider the rights and consent not just of those they recreate, but those who will have to interact with the simulations," said Hollanek.

"These services run the risk of causing huge distress to people if they are subjected to unwanted digital hauntings from alarmingly accurate AI recreations of those they have lost. The potential psychological effect, particularly at an already difficult time, could be devastating."

The researchers call for design teams to prioritise opt-out protocols that allow potential users terminate their relationships with deadbots in ways that provide emotional closure.

Added Nowaczyk-Basinska: "We need to start thinking now about how we mitigate the social and psychological risks of digital immortality, because the technology is already here."
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Chemists produce new-to-nature enzyme containing boron | ScienceDaily
Boronic acid has been used in organic chemistry for decades, even though it is not present in any organism. 'It gives rise to different chemical reactions than those we find in nature,' explains Gerard Roelfes, Professor of Biomolecular Chemistry & Catalysis at the University of Groningen. His group created an enzyme with boronic acid at its reactive centre and then used directed evolution to make it more selective and to improve its catalytic power. Furthermore, enzymatic reactions are more sustainable than classical chemical reactions, as they take place at low temperatures and without toxic solvents. The study was presented online in the journal Nature on 8 May.


						
The application of boron in organic chemistry dates back some seventy years and was awarded a Nobel Prize for Chemistry in 1979. In recent years, the interest in boron as a catalyst has grown, but as yet, its use in the chemical industry is limited. Roelfes: 'So far, boron catalysis is too slow and it is not very suitable for enantioselective reactions.' These types of reactions are used to create chiral molecules, which can exist in two versions that are mirror images of each other, like a left and a right hand. In many drugs, both 'hands' can have a different effect. It is, therefore, important to selectively produce the proper 'hand', especially for the pharmaceutical industry.

Expanded genetic code

'To make this possible, we set out to introduce boron into an enzyme. Our group has a long history of designing enzymes that don't exist in nature.' The Roelfes group used an expanded genetic code to introduce a non-natural amino acid that contains a reactive boronic acid group into an enzyme. 'Using this technique, we can determine at the DNA level where we place the amino acid in a protein.'

Once they made an enzyme with boronic acid at its reactive centre, they could use directed evolution to increase its efficiency, resulting in faster catalysis. 'Furthermore, by placing the boronic acid in the chiral context of an enzyme, we were able to achieve highly enantioselective catalysis.' The reaction that is described in the journal Nature is a 'proof of principle' and shows the way to harnessing the catalytic power of boron in enzymes.

Biocatalysis

Using enzymes to create organic compounds is important for the pharmaceutical industry. 'In their push towards greener and more sustainable ways of producing drugs, they are looking at biocatalysis to replace conventional chemical reactions.' At the University of Groningen, concerted efforts are being made towards this goal. 'We have a number of research groups at the Faculty of Science and Engineering engaged in this kind of work, using different approaches to create biocatalytic solutions for the chemical industry.' In this context, Roelfes and his team will continue to develop their boronic acid enzymes and create other such new-to-nature enzymes.
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Neuropathy very common, underdiagnosed | ScienceDaily
Neuropathy, the nerve damage that causes pain and numbness in the feet and hands and can eventually lead to falls, infection and even amputation, is very common and underdiagnosed, according to a study published in the May 8, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
"More than one-third of people with neuropathy experience sharp, prickling or shock-like pain, which increases their rates of depression and decreases quality of life," said study author Melissa A. Elafros, MD, PhD, of the University of Michigan in Ann Arbor and a member of the American Academy of Neurology. "People with neuropathy also have an increased risk of earlier death, even when you take into account other conditions they have, so identifying and treating people with or at risk for neuropathy is essential."

The study involved 169 people from an outpatient internal medicine clinic serving mainly Medicaid patients in Flint, Michigan. The participants had an average age of 58 years and 69% were Black people. One-half of the people had diabetes, which can cause neuropathy. A total of 67% had metabolic syndrome, which is defined as having excess belly fat plus two or more of the following risk factors: high blood pressure, higher than normal triglycerides (a type of fat found in the blood), high blood sugar and low high-density lipoprotein (HDL) cholesterol, or "good" cholesterol. These risk factors are also associated with neuropathy.

All participants were tested for distal symmetric polyneuropathy. Information about other health conditions was also collected.

A total of 73% of the people had neuropathy. Of those, 75% had not been previously diagnosed with the condition. Nearly 60% of those with neuropathy were experiencing pain.

Of those with neuropathy, 74% had metabolic syndrome, compared to 54% of those who did not have neuropathy.

After adjusting for other factors that could affect the risk of neuropathy, researchers found that people with metabolic syndrome were more than four times more likely to have neuropathy than people who did not have the syndrome.

Researchers were also looking for any relationship between race and income and neuropathy, as few studies have been done on those topics. There was no relationship between low income and neuropathy. For race, Black people had a decreased risk of neuropathy. Black people made up 60% of those with neuropathy and 91% of those without neuropathy.

"The amount of people with neuropathy in this study, particularly undiagnosed neuropathy, was extraordinarily high with almost three fourths of the study population," Elafros said. "This highlights the urgent need for interventions that improve diagnosis and management of this condition, as well as the need for managing risk factors that can lead to this condition." A limitation of the study is that it is a snapshot in time; it did not follow people to see who developed neuropathy over time. It also did not look at reasons why people were not able to manage risk factors that can lead to neuropathy.

The study was supported by the National Institute of Neurological Disorders and Stroke, National Institute of Diabetes and Digestive and Kidney Diseases and National Center for Advancing Translational Sciences.
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New insight into genesis of spina bifida | ScienceDaily
A group of researchers at the University of California San Diego School of Medicine led an investigation that offers new insight into the causes of spina bifida, the most common structural disorder of the human nervous system.


						
Work of the group, led by Keng Ioi Vong, Ph.D., and Sangmoon Lee, M.D. Ph.D., both from the laboratory of Joseph G. Gleeson, M.D., at the UC San Diego School of Medicine Department of Neurosciences and the Rady Children's Institute for Genomic Medicine, reveals the first link between spina bifida and a common chromosomal microdeletion in humans. The study demonstrates that individuals carrying this chromosomal deletion -- present in one of 2,500 live births -- demonstrate a risk of spina bifida more than 10 times greater than the general public.

The study also underscores the potential role of a common food supplement in reducing the risk of spina bifida. The findings were recently published in the journal Science.

Gleeson, Rady Professor in the Department of Neuroscience and director of neuroscience at Rady Children's Institute for Genomic Medicine, is the senior author of the study. He explained that spina bifida, also known as meningomyelocele, affects one in every 3,000 newborns. Unfortunately, the causes are mostly unknown. A few mutations were reported but could only explain a tiny fraction of risk, Gleeson added.

To uncover the genetic causes of the disease, Gleeson's UC San Diego lab joined with colleagues from across the globe to establish the Spina Bifida Sequencing Consortium in 2015. The consortium began focusing on a tiny deletion in chromosome 22. Chromosome microdeletions refer to a condition in which several genes in a chromosome are missing. The group's target condition, known as 22q11.2del, has been implicated in a number of other disorders. They began looking for 22q11.2del in spinal bifida patients.

"All patients we recruited have the most severe form of spina bifida, and all underwent best-practice comprehensive genomic sequencing," Gleeson said. "We identified 22q11.2del in 6 out of 715 patients. This may not seem a high percentage, but this is by far the most common single genetic variation that could contribute to spina bifida."

He went on to say the group identified eight additional spina bifida patients who carried the deletion from a cohort of approximately 1,500 individuals recruited because of the presence of the common 22q11.2 deletion, Gleeson said.




The researchers then narrowed the cause among the many genes in the 22q11.2 deletion to a single gene known as CRKL. Gleeson explained that there are nine other genes in this chromosomal region that could have been the cause. He said the team began a process of elimination, "knocking out" each of the mouse genes one-by-one, when they received a fortuitous email from Dolores Lamb from Weil Cornell College of Medicine. Lamb had noted some of the mice in their vivarium that were missing Crkl and showed spina bifida. (Vong explained that researchers use all capital letters to describe the gene in humans, and lower-case for mice. )Lamb's group heard about the Gleeson lab project throughs the Spina Bifida Association.

"This finding really got us excited because it meant that CRKL disruption might be sufficient for spina bifida," said Vong, co-first author of the study. "We removed the mouse Crkl gene ourselves and confirmed that some of the mice developed neural tube defects, including spina bifida." Most of the other genes in 22q11.2 deletion were subsequently excluded, he added.

They next turned their attention to how folic acid may modulate CRKL-mediated spina bifida. Vong noted that prior studies in humans demonstrated that folic acid (also known as vitamin B-9) supplementation prior to conception reduces the incidence of spina bifida and other neural tube defects by up to 30-50 percent, but the mechanisms are still a mystery.

"When we deprived the Crkl mutant female mice of folic acid in their chow, many more of their offspring had neural tube defects, and the severity increased dramatically," Vong explained. "This suggests that folic acid taken by pregnant women may not only reduce the risk, but also the severity of neural tube defects in their offspring."

"We hope our findings can help the research community to better understand causes of neural tube defects, especially the causes attributable to common genetic findings like 22q11.2 deletion," Gleeson said. "We also hope our findings can contribute to healthy pregnancies, improved women's health, and improved outcomes for children."

Co-authors associated with the University of San Diego School of Medicine Department of Neurosciences, as well as with Rady Children's Institute for Genomic Medicine, (in addition to Joseph G. Gleeson Sangmoon Lee and Keng Ioi Vong) are: Renee George, Bryn Gerding, Kiely N. James, Valentina Stanley, Nan Jiang, Kameron Alu, Naomi Meave, Fiza Jiwani, Isaac Tang, Ashna Nisal, Ishani Jhamb, Arzoo Patel, Aakash Patel, Jennifer McEvoy-Venneri, Chelsea Barrows, Celina Shen, Yoo-Jin Ha and Robyn Howarth. Other co-authors include Hal S. Meltzer, of the University of California San Diego Rady Children's Hospital Department of Neurosurgery; Anna S. Nidhiry, of Rady Children's Institute for Genomic Medicine; and the Spina Bifida Sequencing Consortium.

This work was supported by the Center for Inherited Disease Research grant HHSN268201700006I, the Yale Center for Genomic Analysis, the Broad Institute, the UC Irvine Genomics Core, the UCSD Institute for Genomic Medicine, the UCSD Transgenic Core, UCSD Microscopy Core grant P30 NS047101, and Columbia Microscopy Core grant S10 OD032447- 01. Other support came from the National Institutes of Health, including National Institute of Diabetes and Digestive and Kidney Diseases, and by support from the Howard Hughes Medical Institute and Rady's Children Institute for Genomic Medicine to Joseph G. Gleeson.
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'Wraparound' implants represent new approach to treating spinal cord injuries | ScienceDaily
A tiny, flexible electronic device that wraps around the spinal cord could represent a new approach to the treatment of spinal injuries, which can cause profound disability and paralysis.


						
A team of engineers, neuroscientists and surgeons from the University of Cambridge developed the devices and used them to record the nerve signals going back and forth between the brain and the spinal cord. Unlike current approaches, the Cambridge devices can record 360-degree information, giving a complete picture of spinal cord activity.

Tests in live animal and human cadaver models showed the devices could also stimulate limb movement and bypass complete spinal cord injuries where communication between the brain and spinal cord had been completely interrupted.

Most current approaches to treating spinal injuries involve both piercing the spinal cord with electrodes and placing implants in the brain, which are both high-risk surgeries. The Cambridge-developed devices could lead to treatments for spinal injuries without the need for brain surgery, which would be far safer for patients.

While such treatments are still at least several years away, the researchers say the devices could be useful in the near-term for monitoring spinal cord activity during surgery. Better understanding of the spinal cord, which is difficult to study, could lead to improved treatments for a range of conditions, including chronic pain, inflammation and hypertension. The results are reported in the journal Science Advances.

"The spinal cord is like a highway, carrying information in the form of nerve impulses to and from the brain," said Professor George Malliaras from the Department of Engineering, who co-led the research. "Damage to the spinal cord causes that traffic to be interrupted, resulting in profound disability, including irreversible loss of sensory and motor functions."

The ability to monitor signals going to and from the spinal cord could dramatically aid in the development of treatments for spinal injuries, and could also be useful in the nearer term for better monitoring of the spinal cord during surgery.




"Most technologies for monitoring or stimulating the spinal cord only interact with motor neurons along the back, or dorsal, part of the spinal cord," said Dr Damiano Barone from the Department of Clinical Neurosciences, who co-led the research. "These approaches can only reach between 20 and 30 percent of the spine, so you're getting an incomplete picture."

By taking their inspiration from microelectronics, the researchers developed a way to gain information from the whole spine, by wrapping very thin, high-resolution implants around the spinal cord's circumference. This is the first time that safe 360-degree recording of the spinal cord has been possible -- earlier approaches for 360-degree monitoring use electrodes that pierce the spine, which can cause spinal injury.

The Cambridge-developed biocompatible devices -- just a few millionths of a metre thick -- are made using advanced photolithography and thin film deposition techniques, and require minimal power to function.

The devices intercept the signals travelling on the axons, or nerve fibres, of the spinal cord, allowing the signals to be recorded. The thinness of the devices means they can record the signals without causing any damage to the nerves, since they do not penetrate the spinal cord itself.

"It was a difficult process, because we haven't made spinal implants in this way before, and it wasn't clear that we could safely and successfully place them around the spine," said Malliaras. "But because of recent advances in both engineering and neurosurgery, the planets have aligned and we've made major progress in this important area."

The devices were implanted using an adaptation to routine surgical procedure so they could be slid under the spinal cord without damaging it. In tests using rat models, the researchers successfully used the devices to stimulate limb movement. The devices showed very low latency -- that is, their reaction time was close to human reflexive movement. Further tests in human cadaver models showed that the devices can be successfully placed in humans.




The researchers say their approach could change how spinal injuries are treated in future. Current attempts to treat spinal injuries involve both brain and spinal implants, but the Cambridge researchers say the brain implants may not be necessary.

"If someone has a spinal injury, their brain is fine, but it's the connection that's been interrupted," said Barone. "As a surgeon, you want to go where the problem is, so adding brain surgery on top of spinal surgery just increases the risk to the patient. We can collect all the information we need from the spinal cord in a far less invasive way, so this would be a much safer approach for treating spinal injuries."

While a treatment for spinal injuries is still years away, in the nearer term, the devices could be useful for researchers and surgeons to learn more about this vital, but understudied, part of human anatomy in a non-invasive way. The Cambridge researchers are currently planning to use the devices to monitor nerve activity in the spinal cord during surgery.

"It's been almost impossible to study the whole of the spinal cord directly in a human, because it's so delicate and complex," said Barone. "Monitoring during surgery will help us to understand the spinal cord better without damaging it, which in turn will help us develop better therapies for conditions like chronic pain, hypertension or inflammation. This approach shows enormous potential for helping patients."

The research was supported in part by the Royal College of Surgeons, the Academy of Medical Sciences, Health Education England, the National Institute for Health Research, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI).
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Strengthening CAR-T therapy to work against solid tumors | ScienceDaily

"CAR-T cell therapy has revolutionized the treatment of blood cancers such as leukemia and lymphoma but hasn't worked well against solid tumors," said Xingxing Zang, Ph.D., the paper's senior author. "We found that our changes to standard CAR-T cell therapy can significantly boost its effectiveness against solid tumors, including often-fatal pancreatic cancer and glioblastomas." Dr. Zang is a member of MECCC Cancer Therapeutics Research Program and professor of microbiology & immunology, of oncology, of medicine, and of urology, the Louis Goldstein Swan Chair in Cancer Research and the founding director of MECCC's Institute for Immunotherapy of Cancer at Albert Einstein College of Medicine. The first author of the paper is Christopher Nishimura, an M.D./Ph.D. student in Dr. Zang's lab.

Developing Personalized Cancer Killers

Dr. Zang and his colleagues created five CAR-T therapies that they tested on mice implanted with several types of solid human tumors. One of the therapies -- which used two novel components -- proved superior in safely and effectively shrinking not only glioblastoma and pancreatic tumors but lung cancer tumors as well.

CAR-T cell therapy, short for chimeric antigen receptor (CAR)-T cell therapy, is a marvel of genetic engineering that transforms T cells (a type of immune cell) into cancer-seeking missiles programmed to attack on contact. The therapy involves extracting the patient's own T cells and equipping them with a single gene that codes for several different proteins. ("Chimeric" comes from the Chimera of Greek mythology with its lion's head, goat's body, and serpent's tail.) The genetically modified T cells are allowed to multiply and are then infused back into the patient.

Their specially designed gene enables the infused T cells to express synthetic CAR receptors on their surface. The CARs can recognize specific proteins, known as antigens, that protrude from cancer cells. Thanks to their new CARs, the T cells are able to home in on cancer cells and then switch to attack mode.

CARs contain four key proteins, and Dr. Zang and his colleagues achieved success against solid tumors by altering two of them.




Five CAR-Ts Confront Three Types of Cancer

All five CAR-T therapies developed by the Zang team used the same novel targeting protein: a monoclonal antibody that binds to B7-H3, a cancer-cell antigen widely expressed on most solid tumors and their blood vessels. Dr. Zang had previously helped to discover that B7-H3 allows tumors to evade immune attack by interfering with T cells.

"We wanted our CARs to not only attach T cells to solid tumors but also -- by binding specifically to B7-H3 -- to prevent B7-H3 from interfering with the T cells' ability to attack and destroy cancer cells and their blood vessels," said Dr. Zang.

Simply attaching CAR-T cells to tumor cells isn't enough to kill them. CARs must also include a costimulatory protein to help activate T cells once they've made contact with cancer cells. Four of the five CAR-T cell therapies developed by Dr. Zang's lab used previously deployed costimulatory proteins. But their fifth therapy used a protein never before tried in CAR-T cell therapy. In 2015, Dr. Zang discovered that T cells possess a receptor he called TMIGD2 that activates T cells when stimulated. He later realized that incorporating TMIGD2 into CAR-T cells might enable them to overcome the challenges posed by solid tumors.

"Factors such as low-oxygen levels and immune checkpoints inside solid tumors make for a hostile microenvironment that can strongly suppress immune attack by T cells -- which also have trouble penetrating solid tumors' dense connective tissue network," Dr. Zang said. "It seemed possible that using TMIGD2 as a costimulatory protein could give CAR-T cells the activation boost they need to reach cancer cells and persist within solid tumors."

These novel CAR-T therapies were tested on mice bearing three solid human tumors: pancreatic, lung, and glioblastoma. All were equally likely to bind their T cells to cancer cells, since their CARs all possessed the same novel antibody aimed at the B7-H3 antigen. The most effective one possessed both the novel antibody and the TMIGD2 protein -- a CAR that Dr. Zang calls a TMIGD2 Optimized Potent/Persistent (TOP) CAR.




The TOP Choice

The CAR-T therapy with TOP CAR proved best at keeping mice with pancreatic, lung, and glioblastoma tumors alive. For example, TOP CAR treatment enabled 7 out of 9 mice with glioblastoma tumors to survive, compared with a maximum survival of 3 out of 9 mice achieved by any of the other CAR-T therapies. It was also superior with respect to key effectiveness and safety parameters.

Dr. Zang plans to further develop TOP CAR into an "off-the shelf" platform that can simultaneously target B7-H3 as well as other tumor antigens and can readily be tailored for treating many different types of solid tumors. Einstein has intellectual property protection for a portfolio of Dr. Zang's research and is interested in securing commercial partners to help to move his novel TOP CAR therapy into clinical trials in the near future, including for cancer of the brain, liver, pancreas, ovary, prostate, lung, bladder, colon, and others. Over the past several years, Dr. Zang has developed two other anti-cancer drugs that are being evaluated in phase 1 and phase 2 clinical trials in the United States and other countries.

The paper is titled "TOP CAR with TMIGD2 as a safe and effective costimulatory domain in CAR cells treating human solid tumors." Other Einstein authors are Devin Corrigan, M.S., Xiang Yu Zheng, B.S., Phillip M. Galbo Jr., Ph.D., Shan Wang, M.D., Yao Liu, Ph.D., Yau Wei, M.D., Linna Suo, M.D.,Wei Cui, Ph.D. and Deyou Zheng, Ph.D. Other authors are Nadia Mercado, Sc.M., of Brown University School of Public Health and Cheng Cheng Zhang, Ph.D., of the University of Texas Southwestern Medical Center.

Dr. Zang and Mr. Nishimura are inventors of two pending patents: Chimeric antigen receptors comprising a TMIGD2 costimulatory domain and associated methods of using the same; and Chimeric antigen receptors targeting B7-H3 (CD276) and associated methods. Dr. Zang is an inventor of a pending patent: Monoclonal antibodies against IgV domain of B7-H3 and uses thereof. Other authors declare no conflicts of interest.
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Exercise, new drug class recommended for management of hypertrophic cardiomyopathy | ScienceDaily
The American College of Cardiology (ACC) and the American Heart Association (AHA) today released a new clinical guideline for effectively managing individuals diagnosed with hypertrophic cardiomyopathy (HCM). The guideline reiterates the importance of collaborative decision-making with patients who have HCM and provides updated recommendations for the most effective treatment pathways for adult and pediatric patients.


						
HCM is an inherited cardiac condition most often caused by a gene mutation that makes the heart muscle too thick (hypertrophy), which impairs its ability to adequately pump blood throughout the body. HCM affects approximately 1 in every 500 individuals; however, a significant portion of cases remain undiagnosed because many people do not exhibit symptoms. Occasionally, the first time HCM is diagnosed is after a sudden death. People who do have symptoms may experience episodes of fainting, chest pain, shortness of breath or irregular heartbeats.

"Incorporating the most recent data, this new guideline equips clinicians with the latest recommendations for the treatment of HCM," said Steve R. Ommen, MD, FACC, medical director of the Mayo Hypertrophic Cardiomyopathy Clinic and chair of the guideline writing committee. "We're seeing more evidence that patients with HCM can return to their normal daily lives with proper care and management."

Updated recommendations in the guideline reflect recent evidence about HCM treatment and management including new forms of pharmacologic management; participation in vigorous recreational activities and competitive sports; and risk stratification for sudden cardiac death (SCD) with an emphasis on pediatric patients.

The guideline includes recommendations for adding cardiac myosin inhibitors, a new class of medication for patients with symptomatic obstructive HCM who do not get adequate symptom relief from first-line drug therapy. Symptomatic obstructive HCM is a type of HCM where the heart muscle is restricted. Cardiac myosin inhibitors are the first FDA-approved class of medication to specifically target the thickening of the heart muscle instead of treating the symptoms, however they are monitored under the FDA's Risk Evaluation and Mitigation Strategies (REMS) program, which may create additional steps and time for both the clinician and the patient. Clinicians require special training to prescribe the medication, and patients require regular screenings.

"These new drugs offer an alternative for patients who have failed first-line therapy and either want to delay or possibly avoid more aggressive options," Ommen said. "With this guideline, we're providing clinicians with point-of-care guidance about effectively using this first-in-class, evidence-based treatment option and improving their patients' quality of life."

In addition to medication treatment, growing evidence is showing that the benefits of exercise outweigh the potential risks for patients with HCM. Low to moderate intensity recreational exercise should be part of how HCM patients manage their overall health. For some HCM patients, competitive sports may be considered in consultation with HCM clinical specialists.

"Recommendations for physical activity continue to evolve with research," Ommen said. "As part of a healthy lifestyle, patients with HCM are now encouraged to engage in low-to-moderate intensity physical activities. We're seeing how vigorous physical activities can be reasonable for some individuals. With shared decision-making between the clinician and the patient, some patients may even be able to return to competitive sports."

Poorly managed HCM may lead to many complications including SCD. The new guideline includes recommendations for assessing and managing the risk of SCD by establishing clear risk markers. Guidance for integrating risk markers with tools to estimate an individual patient's SCD risk score is recommended to aid in the patient/clinician shared decision-making regarding implantable cardioverter defibrillator placement, incorporating a patient's personal level of risk tolerance and specific treatment goals including quality of life.

Several recommendations in the new guideline extend to pediatric patients. A specific pediatric risk stratification for SCD is emphasized, with risk calculators specific to children and adolescents and stressing the importance of HCM centers with expertise in pediatrics. The new guideline extends exercise stress testing recommendations to include children diagnosed with HCM to help determine functional capacity and provide prognostic feedback.
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Heavy snowfall and rain may contribute to some earthquakes | ScienceDaily
When scientists look for an earthquake's cause, their search often starts underground. As centuries of seismic studies have made clear, it's the collision of tectonic plates and the movement of subsurface faults and fissures that primarily trigger a temblor.


						
But MIT scientists have now found that certain weather events may also play a role in setting off some quakes.

In a study appearing today in Science Advances, the researchers report that episodes of heavy snowfall and rain likely contributed to a swarm of earthquakes over the past several years in northern Japan. The study is the first to show that climate conditions could initiate some quakes.

"We see that snowfall and other environmental loading at the surface impacts the stress state underground, and the timing of intense precipitation events is well-correlated with the start of this earthquake swarm," says study author William Frank, an assistant professor in MIT's Department of Earth, Atmospheric and Planetary Sciences (EAPS). "So, climate obviously has an impact on the response of the solid earth, and part of that response is earthquakes."

The new study focuses on a series of ongoing earthquakes in Japan's Noto Peninsula. The team discovered that seismic activity in the region is surprisingly synchronized with certain changes in underground pressure, and that those changes are influenced by seasonal patterns of snowfall and precipitation. The scientists suspect that this new connection between quakes and climate may not be unique to Japan and could play a role in shaking up other parts of the world.

Looking to the future, they predict that the climate's influence on earthquakes could be more pronounced with global warming.

"If we're going into a climate that's changing, with more extreme precipitation events, and we expect a redistribution of water in the atmosphere, oceans, and continents, that will change how the Earth's crust is loaded," Frank adds. "That will have an impact for sure, and it's a link we could further explore."

The study's lead author is former MIT research associate Qing-Yu Wang (now at Grenoble Alpes University), and also includes EAPS postdoc Xin Cui, Yang Lu of the University of Vienna, Takashi Hirose of Tohoku University, and Kazushige Obara of the University of Tokyo.




Seismic speed

Since late 2020, hundreds of small earthquakes have shaken up Japan's Noto Peninsula -- a finger of land that curves north from the country's main island into the Sea of Japan. Unlike a typical earthquake sequence, which begins as a main shock that gives way to a series of aftershocks before dying out, Noto's seismic activity is an "earthquake swarm" -- a pattern of multiple, ongoing quakes with no obvious main shock, or seismic trigger.

The MIT team, along with their colleagues in Japan, aimed to spot any patterns in the swarm that would explain the persistent quakes. They started by looking through the Japanese Meteorological Agency's catalog of earthquakes that provides data on seismic activity throughout the country over time. They focused on quakes in the Noto Peninsula over the last 11 years, during which the region has experienced episodic earthquake activity, including the most recent swarm.

With seismic data from the catalog, the team counted the number of seismic events that occurred in the region over time, and found that the timing of quakes prior to 2020 appeared sporadic and unrelated, compared to late 2020, when earthquakes grew more intense and clustered in time, signaling the start of the swarm, with quakes that are correlated in some way.

The scientists then looked to a second dataset of seismic measurements taken by monitoring stations over the same 11-year period. Each station continuously records any displacement, or local shaking that occurs. The shaking from one station to another can give scientists an idea of how fast a seismic wave travels between stations. This "seismic velocity" is related to the structure of the Earth through which the seismic wave is traveling. Wang used the station measurements to calculate the seismic velocity between every station in and around Noto over the last 11 years.

The researchers generated an evolving picture of seismic velocity beneath the Noto Peninsula and observed a surprising pattern: In 2020, around when the earthquake swarm is thought to have begun, changes in seismic velocity appeared to be synchronized with the seasons.




"We then had to explain why we were observing this seasonal variation," Frank says.

Snow pressure

The team wondered whether environmental changes from season to season could influence the underlying structure of the Earth in a way that would set off an earthquake swarm. Specifically, they looked at how seasonal precipitation would affect the underground "pore fluid pressure" -- the amount of pressure that fluids in the Earth's cracks and fissures exert within the bedrock.

"When it rains or snows, that adds weight, which increases pore pressure, which allows seismic waves to travel through slower," Frank explains. "When all that weight is removed, through evaporation or runoff, all of a sudden, that pore pressure decreases and seismic waves are faster."

Wang and Cui developed a hydromechanical model of the Noto Peninsula to simulate the underlying pore pressure over the last 11 years in response to seasonal changes in precipitation. They fed into the model meteorological data from this same period, including measurements of daily snow, rainfall, and sea-level changes. From their model, they were able to track changes in excess pore pressure beneath the Noto Peninsula, before and during the earthquake swarm. They then compared this timeline of evolving pore pressure with their evolving picture of seismic velocity.

"We had seismic velocity observations, and we had the model of excess pore pressure, and when we overlapped them, we saw they just fit extremely well," Frank says.

In particular, they found that when they included snowfall data, and especially, extreme snowfall events, the fit between the model and observations was stronger than if they only considered rainfall and other events. In other words, the ongoing earthquake swarm that Noto residents have been experiencing can be explained in part by seasonal precipitation, and particularly, heavy snowfall events.

"We can see that the timing of these earthquakes lines up extremely well with multiple times where we see intense snowfall," Frank says. "It's well-correlated with earthquake activity. And we think there's a physical link between the two."

The researchers suspect that heavy snowfall and similar extreme precipitation could play a role in earthquakes elsewhere, though they emphasize that the primary trigger will always originate underground.

"When we first want to understand how earthquakes work, we look to plate tectonics, because that is and will always be the number one reason why an earthquake happens," Frank says. "But, what are the other things that could affect when and how an earthquake happens? That's when you start to go to second-order controlling factors, and the climate is obviously one of those."

This research was supported, in part, by the National Science Foundation.
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Human activity is making it harder for scientists to interpret oceans' past | ScienceDaily
New research shows human activity is significantly altering the ways in which marine organisms are preserved, with lasting effects that can both improve and impair the fossil record.


						
"We are not only changing the environment; we're also changing the nature of the record that archives this information," said Michal Kowalewski, the Thompson chair of invertebrate paleontology at the Florida Museum of Natural History. "These changes can be both good and bad. On one hand, human activities can prevent the fossil record from preserving useful information about ongoing changes. In other situations, human actions can actually enhance the quality of the currently forming fossil record, thereby providing more information."

If not properly accounted for, these effects on the fossil record can lead to misinterpretation of data vital for conservation efforts. Humans began altering ecosystems long before they began systematically studying them. In many places, the only way scientists can know what an ecosystem looked like before the arrival of humans is to look back at the recent fossil record.

"We use fossils in conservation to understand the transition from natural, pristine environments to the ones we have today," Kowalewski said. When scientists know what a degraded ecosystem looked like before it was altered, they know what to aim for when trying to restore it.

Kowalewski and his colleagues specialize in marine paleoecology and co-authored the study with a focus on fossil beds in the world's oceans. In these environments, the authors say, there are several interconnected factors that influence fossilization, including the rate at which sediment accumulates on the seafloor, the extent to which animals burrow through the sediment, the depth at which remains are buried and how quickly certain fossils disintegrate over time.

All of these factors can and have been influenced by humans. The practice of bottom trawling, in which a net is dragged along the seafloor, mixes and churns sediment, infusing it with oxygen that breaks down organic remains.

On a global scale, bottom trawling is estimated to kick up as much sediment into the water column as is deposited into oceans from all of the world's rivers.




"I was surprised when working on this study that the impacts of bottom trawling are so widespread," said lead author Rafal Nawrot, a paleontologist at the University of Vienna. Nawrot studies changes in marine ecosystems that have occurred since the last ice age, a field in which knowing the various factors that help or hinder fossilization is critical.

He recounted one study in which he and colleagues found a distinct lack of large shells from sediment cores drilled into the seafloor. "Given what we now know about the intensity of trawling in some of the areas we were working in, this pattern may just be an artifact of their removal by nets dragged through the seafloor."

Alterations to the fossil record can be indirect as well. Local extinctions caused by human activity and the introduction of invasive species can both prevent and improve the process of fossilization. The authors give the example of red king crabs (Paralithodes camtschaticus), which were intentionally introduced to the Barents Sea between Russia and Finland in the 1960s. There they had few natural predators, and their population exploded. Red king crabs eat just about anything they can get their claws on and crush the shells of their prey. This caused a steep reduction in the number of burrowing invertebrates, which oxygenate sediments.

Fewer burrowing organisms mean less oxygen in the sediment, which means better preservation. But more shell-crushing crabs means there are fewer shells capable of being preserved. Without the right historical context, future paleontologists trying to sort out this sequence of events may walk away flummoxed.

These and other human-driven changes can be especially difficult to interpret because they mimic natural processes like erosion or species migrations. In some cases, human activity can erase fossil archives entirely or confound research efforts by adding tons of foreign material to an environment.

"Certain processes don't occur naturally at all, like beach replenishment," Kowalewski said. When portions of a beach are washed away by hurricanes or rising sea levels, local authorities often pay for ships to haul sediment from deep-water environments -- where natural erosion is negligible -- to the shoreline, fossils and all.




In other cases, the fossils themselves are the target for relocation.

"Oysters that lived hundreds of thousands of years ago may be removed from one area and added to the modern seafloor of another to facilitate restoration of present-day oyster reefs," Kowalewski said.

So how do scientists begin to disentangle the various natural and human forces that influence fossilization? It's complicated, Nawrot said. "It depends on the goal of the study, but there are ways to circumvent these problems."

One strategy that's recently become more feasible to implement is radiocarbon dating. Scientists use this method to estimate the age of relatively young fossils, but until recently high costs meant it could only be used sparingly. When analyzing a sediment core drilled in modern seafloors, in which organisms at the top may be thousands of years younger than those at the bottom, researchers would typically select only a few fossils for radiocarbon dating. This provided reliable information but poor resolution, and if the sediment had been unknowingly mixed by bottom trawling, the results could be misleading.

"You wouldn't be aware of this problem unless you sampled multiple specimens per layer, which isn't a widespread approach. We think it should be used much more often," Nawrot said.

Researchers will also need to get more creative with the types of statistical analyses they use to interpret data. These sorts of methods take time to develop and test, but they're slowly becoming more common, and scientists are inching closer to a better understanding of how humans affect the historical archive of life on Earth.

"Changes in the geological record can be fingerprints of human activity and may themselves reveal something about the history of an ecosystem," Kowalewski said.

Martin Zuschin of the University of Vienna, Adam Tomasovych of the Slovak Academy of Sciences, and Daniele Scarponi of the Universita di Bologna are also co-authors of the study.
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Teens who view their homes as more chaotic than their siblings have poorer mental health in adulthood | ScienceDaily
Many parents ponder why one of their children seems more emotionally troubled than the others. A new study in the United Kingdom reveals a possible basis for those differences.


						
Adolescents who view their households as more unstructured, disorganized, or hectic than their siblings develop more mental health and behavioral problems in early adulthood, according to the study. The findings are published in Psychological Science, a journal of the Association for Psychological Science.

In research tracking thousands of twins born in the mid-1990s, Sophie von Stumm, a psychology professor at the University of York, found that teenagers who perceived their homes as more disorganized, unstructured, or fast-paced than their siblings suffered more anxiety and depression and engaged in more substance use and problem behavior. If future research confirms those findings, she said, psychologists could develop interventions that modify adolescents' perceptions of their home environments.

von Stumm said she's long been curious about why people who share an experience come away with vastly different perceptions and interpretations of what happened. For her study, she used data from 4,732 same-sex twin pairs from the Twins Early Development Study (TEDS), an ongoing examination of twins born in the mid-1990s in England and Wales. She excluded data from opposite-sex twin pairs to rule out potential gender-based differences in perceptions.

At ages 9, 12, 14, and 16, the twins and their parents rated the level of routine, noise, and general confusion in the home.

"Some households are more chaotic than others: There's always a TV or radio playing, different people come and go every day, and there are no routines, like regular bedtimes or mealtimes," von Stumm explained.

In reviewing responses from the twins at age 16, she observed that siblings could have significantly different views about the atmosphere in their home. One sibling might view the household as far more noisy and fast-paced than the other.




"You'd think the siblings grew up in different families," von Stumm said. "That's how subjective their perceptions are."

At age 23, the twins completed a questionnaire designed to measure their educational attainment, employment status, income, substance use, sexual risk-taking, conflicts with the law, mental health, and behavioral tendencies. Those who had, at age 16, reported experiencing greater household chaos than their twin siblings scored higher on depression, anxiety, antisocial behavior, and other mental health problems. The results were consistent across both identical and fraternal twin pairs.

"Siblings who perceived the household as more chaotic than their brothers or sisters reported poorer mental health outcomes in young adulthood," von Stumm said. "This association was evident from adolescence onwards, confirming theories that the onset of mental health issues likely is during teenage years."

von Stumm said she next plans to explore the precise age and reasons that siblings start to differ in their perceptions of household chaos.

"It is possible that children who experience more adverse events in early life than their siblings, like suffering an injury or being excluded from school, develop a heightened sensitivity to household chaos that then has long-term effects on their mental health," she said. "Because many common adverse early-life events, such as parental conflict or separation, affect all children of a family, we don't know yet if there are specific ones that can cause poor long-term mental health."
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A tailored vaccine could one day treat eczema in children | ScienceDaily
New research from a multi-disciplinary team at Trinity College Dublin suggests a "tailored vaccine" might hold the key to treating bacteria-driven flares of eczema in children.


						
The team has taken several leaps forward in understanding how the immune response works in cases of eczema driven by the common, troublesome Staphylococcus aureus bacterium, and in doing so they have identified new cellular targets for a vaccine.

Eczema, also known as atopic dermatitis, affects up to one in four children in Ireland. Common symptoms include itchy, dry skin, and -- when bacteria are involved -- weeping wounds that can progress to more severe infections and have a detrimental effect on the quality of life of patients and their families. Although very rare, life-threatening systemic infections such as septicaemia may arise.

"There is a real need for new options to treat and prevent infected flares of eczema in children. Current strategies are limited in their success and -- even when they do provide relief -- the effects may be short-term as symptoms often return. Although antibiotics are needed in some cases, scientists are trying hard to deliver alternative options due to the growing problems posed by antimicrobial resistance," said Dr Julianne Clowry, Consultant Dermatologist, Visiting Research Fellow at Trinity, and lead author of the study.

"In combination, these factors make a tailored vaccine a very attractive target as it could limit the severity of eczema, lead to better longer-lasting outcomes, and reduce the need for antibiotics -- all while also reducing the risk of complications and potentially the development of other atopic diseases, such as hayfever and asthma."

The researchers, from Trinity's Schools of Medicine, Computer Science and Statistics, as well as from Biochemistry and Immunology, uncovered important "immune signatures" in children with infected flares of eczema. Pinpointing these signatures provides them with specific new targets, which is helpful from a theoretical vaccine design perspective.

Working with 93 children between 0 and 16, the researchers compared immune responses between 3 groups of patients: eczema and a confirmed S. aureus skin infection, eczema but no S. aureus skin infection, and a healthy group of volunteers.




The key discovery was that the proportions of certain immune cells known as "T cells," as well as other biomarkers, varied considerably in the different groups. There are many different types of T cells in our bodies but they all play unique roles in our immune response, helping to regulate the way we respond to infections.

This main result highlights that the immune response was impacted in those with infected flares of eczema -- with the suppression of some of the important T cells that drive an effective immune response. These findings provide an early blueprint in developing future therapies which could provide targeted effective relief from recurrent flares of eczema.

Alan Irvine, Professor of Dermatology at Trinity, said: "While an interaction between the Staphylococcus aureus bug and eczema has been known for many decades, novel scientific approaches are continuing to make key discoveries about the complex relationship between these bacteria and human responses to it. Our work outlines new discoveries about how children with eczema respond immunologically to infection with this common bacterium."

Rachel McLoughlin, Professor in Immunology at Trinity and senior author on the study, added: "This work has identified an overall pattern of immune suppression associated with infected flares of eczema, which results in the suppression of specific T cells that are vital to help initiate an effective immune response. Further work is now required to broaden the scope of these results, by expanding to a larger number of people. This will help confirm if the patterns identified are consistent among different age groups, and in sub-groups with greater ethnic diversity.

"We believe that a more comprehensive understanding of the immune response to this bacteria S. aureus in eczema, has significant potential to revolutionise treatment approaches and make a major translational impact in the management of eczema."
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New study finds AI-generated empathy has its limits | ScienceDaily
Conversational agents (CAs) such as Alexa and Siri are designed to answer questions, offer suggestions -- and even display empathy. However, new research finds they do poorly compared to humans when interpreting and exploring a user's experience.


						
CAs are powered by large language models (LLMs) that ingest massive amounts of human-produced data, and thus can be prone to the same biases as the humans from which the information comes.

Researchers from Cornell University, Olin College and Stanford University tested this theory by prompting CAs to display empathy while conversing with or about 65 distinct human identities.

The team found that CAs make value judgments about certain identities -- such as gay and Muslim -- and can be encouraging of identities related to harmful ideologies, including Nazism.

"I think automated empathy could have tremendous impact and huge potential for positive things -- for example, in education or the health care sector," said lead author Andrea Cuadra, now a postdoctoral researcher at Stanford.

"It's extremely unlikely that it (automated empathy) won't happen," she said, "so it's important that as it's happening, we have critical perspectives so that we can be more intentional about mitigating the potential harms."

Cuadra will present "The Illusion of Empathy? Notes on Displays of Emotion in Human-Computer Interaction" at CHI '24, the Association of Computing Machinery conference on Human Factors in Computing Systems, May 11-18 in Honolulu. Research co-authors at Cornell University included Nicola Dell, associate professor, Deborah Estrin, professor of computer science and Malte Jung, associate professor of information science.




Researchers found that, in general, LLMs received high marks for emotional reactions, but scored low for interpretations and explorations. In other words, LLMs are able to respond to a query based on their training but are unable to dig deeper.

Dell, Estrin and Jung said there were inspired to think about this work as Cuadra was studying the use of earlier-generation CAs by older adults.

"She witnessed intriguing uses of the technology for transactional purposes such as frailty health assessments, as well as for open-ended reminiscence experiences," Estrin said. "Along the way, she observed clear instances of the tension between compelling and disturbing 'empathy.'"

Funding for this research came from the National Science Foundation; a Cornell Tech Digital Life Initiative Doctoral Fellowship; a Stanford PRISM Baker Postdoctoral Fellowship; and the Stanford Institute for Human-Centered Artificial Intelligence.
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Climate resilience strategies in urban, rural areas | ScienceDaily
Local decision-makers looking for ways to reduce the impact of heat waves on their communities have a valuable new capability at their disposal: a new study on vegetation resilience.


						
Scientists at the Department of Energy's Oak Ridge National Laboratory completed a study of how well vegetation survived extreme heat events in both urban and rural communities across the country in recent years. The analysis informs pathways for climate mitigation, including ways to reduce the effect of urban heat islands.

Vegetation such as trees provide a valuable cooling effect, shading surfaces and deflecting solar radiation while releasing moisture into the atmosphere through evapotranspiration -- the process in which plants absorb water through their roots and release it as water vapor through their leaves.

The study, published in the journal PNAS Nexus, is the first nationwide accounting of vegetation resilience that takes into account the influence of human-built infrastructure. Using machine learning methods, ORNL researchers examined about two decades' worth of satellite and other data covering 85 large cities and surrounding rural areas. The team found that impervious surfaces such as roads and other infrastructure, moisture conditions and type of land cover affect vegetation resilience. They also evaluated how vegetation is impacted by the intensity, duration and timing of heat waves.

The data provide crucial insights into how ecosystems can be guarded against climate change, including pathways to counteract the influence of urban heat islands and to improve the stewardship of natural resource areas, said Jiafu Mao, ORNL Earth system modeling scientist and the project's lead.

"The empirical evidence we provide from this research can help urban planners better understand which plants are more vulnerable to heat waves and stressors such as water availability in the local environment, guiding decisions about plant selection and location and urban design improvements," Mao said. "The study suggests that preserving and enhancing vegetation could significantly contribute to urban sustainability, air quality improvements and the well-being of residents."

The work extends ORNL's research on climate impacts in urban and rural ecosystems. In a previous study, Mao and colleagues found that while all regions of the country can expect an earlier start to the growing season as temperatures rise, the trend is likely to become more variable year over year in hotter regions. The research found a trend of accelerated spring budding and blooming of plants in rural areas as temperatures rise, for instance, but suggested the trend will slow as warming continues.




Identifying patterns to guide local decision-making

The new vegetation resilience study described in PNAS Nexus revealed a general trend of increased early greening in response to warmer temperatures in traditionally cooler months. But as temperatures soared and heat persisted, vegetation greening often significantly declined, said Yaoping Wang, an ORNL postdoctoral research associate and first author on the paper. The study identified a temperature of 2 degrees Celsius or higher above the historical summer average persisting for four months or more as the threshold for the most significant effects on greening.

Findings varied with local ecosystem characteristics. For instance, urban vegetation was found more resilient in the western United States than in the East during the analysis period, mainly because of higher urban growth temperatures and better irrigation practices in the West, the scientists noted.

"Our analysis is the first large-scale quantification of urban and rural differences in vegetation and its resilience to extreme events across the contiguous U.S., capturing these very broad patterns on environmental change," Wang said. Future investigations that capture more high-quality data would benefit both urban planners and ecosystem modelers, she added.

The project provides valuable data on the complex interactions between biological and environmental factors at multiple scales over time, down to a 1-kilomenter resolution, Mao said. The information has also been used to fine-tune the land surface component that ORNL stewards for the DOE Energy Exascale Earth System Model, which simulates how the world may change in future climate scenarios.

The analysis used the Daymet4 database of daily land surface weather and climatological summaries, part of the ORNL Distributed Active Archive Center maintained for NASA's Earth Science Data and Information System project. Scientists also leveraged the MODIS Enhanced Vegetation Index from NASA and the National Land Cover Database, maintained by the U.S. Geological Survey. The researchers used the random forest machine learning algorithm and other methods in their analysis, as well as the high-performance computing resources of the Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility.
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Pore pressure diffusion led to microseismicity at Illinois basin carbon sequestration site | ScienceDaily
Pore pressure diffusion generated by carbon dioxide injected underground at a carbon storage site in the Illinois Basin is the likely cause of hundreds of microearthquakes that took place at the site between 2011 and 2012, according to a new analysis.


						
The modeling study published in the Bulletin of the Seismological Society of America indicates that pressure diffusion along existing faults into the basement rock could have destabilized the faults where the microseismicity -- ranging from Mw -2 to 1 -- occurred, said Ruben Juanes of MIT and colleagues.

There are some similarities between CO2 injection and wastewater injection from oil and gas operations, although globally the volumes of injected wastewater so far exceed that of injected CO2. Wastewater injection has induced small to moderate-sized earthquakes around the world, however, making it important to study how CO2 injection produces seismicity and whether it might also induce larger earthquakes.

The new findings confirm the importance of characterizing subsurface faults in places selected for CO2 sequestration, the researchers note.

The first injection period at the Illinois Basin-Decatur Project (IBDP) ran from November 2011 to November 2014, during which time one million tons of CO2 were injected to a depth of 2 kilometers underground. The researchers focused on the first year of CO2 injection at the project.

The IBDP injection layer is separated from the basement rock by a sandstone layer that is not very porous or permeable, leading researchers to wonder how CO2 injection could have reached the basement to trigger seismicity.

The model created by Juanes and colleagues shows that changes in rock pore pressure from the injection traveled along faults that connected the injection layer and the basement.




"During fluid injection, the pore pressure increases at the injection well and diffuses away from the well because of fluid migration. This is analogous to how temperature 'diffuses away' from hot areas to cold areas," Juanes explained. "As a result of this pressure increase, the effective stress on a fault will decrease, resulting in the destabilization of the fault."

Fluid injection can also expand rock, in a mechanism called poroelastic stress. The deforming rock can lead to stress changes that either destabilize or stabilize faults. In the IBDP case, the poroelastic effect stabilized the faults, Juanes and colleagues found.

Their analysis also suggests that the faults hosting the microearthquakes were very close to failing prior to CO2 injection. Characterizing these small faults -- where they are and how close they are to failure -- poses a significant challenge to carbon sequestration projects, Juanes noted.

"The main challenge is that remote sensing methods rely mostly on propagation of seismic waves through the surface," said Josimar Silva, first author of the study and a postdoc at MIT during the project. "Seismic waves attenuate rapidly for distances away from the source, and therefore have limited resolution when they reach the depths of interest."

One way to illuminate smaller faults at a carbon storage site might be to start with small-scale injection, he added.

"CO2 injection at Decatur is a good example. The first period of injection, the one we analyzed in the paper, led to hundreds of microearthquakes. The second period of injection, which took place at a shallower depth and not as close to the faulted basement, resulted in virtually no seismicity," Juanes said.

Injection rates in CO2 projects have been "much, much lower" than wastewater injection rates in the 2000s and 2010s, said Juanes, which might explain why moderate-sized induced seismicity hasn't been seen at carbon sequestration projects.

"But another explanation is that generally, better subsurface characterization has been done for CO2 sequestration prior to injection than in the early days of geologic wastewater disposal, where it was common to inject into, or very close to, the faulted basement rock," he added.
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Possible atmosphere surrounding rocky exoplanet | ScienceDaily
Researchers using NASA's James Webb Space Telescope may have detected atmospheric gases surrounding 55 Cancri e, a hot rocky exoplanet 41 light-years from Earth. This is the best evidence to date for the existence of any rocky planet atmosphere outside our solar system.


						
Renyu Hu from NASA's Jet Propulsion Laboratory (JPL) in Pasadena, California, is lead author on a paper published today in Nature. "Webb is pushing the frontiers of exoplanet characterization to rocky planets," Hu said. "It is truly enabling a new type of science."

Super-Hot Super-Earth 55 Cancri e

55 Cancri e (image below, details/download), also known as Janssen, is one of five known planets orbiting the Sun-like star 55 Cancri, in the constellation Cancer. With a diameter nearly twice that of Earth and density slightly greater, the planet is classified as a super-Earth: larger than Earth, smaller than Neptune, and likely similar in composition to the rocky planets in our solar system.

To describe 55 Cancri e as "rocky," however, could leave the wrong impression. The planet orbits so close to its star (about 1.4 million miles, or one-twenty-fifth the distance between Mercury and the Sun) that its surface is likely to be molten -- a bubbling ocean of magma. With such a tight orbit, the planet is also likely to be tidally locked, with a dayside that faces the star at all times and a nightside in perpetual darkness.

In spite of numerous observations since it was discovered to transit in 2011, the question of whether or not 55 Cancri e has an atmosphere -- or even could have one given its high temperature and the continuous onslaught of stellar radiation and wind from its star -- has gone unanswered.

"I've worked on this planet for more than a decade," said Diana Dragomir, an exoplanet researcher at the University of New Mexico and co-author on the study. "It's been really frustrating that none of the observations we've been getting have robustly solved these mysteries. I am thrilled that we're finally getting some answers!"

Unlike the atmospheres of gas giant planets, which are relatively easy to spot (the first was detected by NASA's Hubble Space Telescope more than two decades ago), thinner and denser atmospheres surrounding rocky planets have remained elusive.




Previous studies of 55 Cancri e using data from NASA's now-retired Spitzer Space Telescope suggested the presence of a substantial atmosphere rich in volatiles (molecules that occur in gas form on Earth) like oxygen, nitrogen, and carbon dioxide. But researchers could not rule out another possibility: that the planet is bare, save for a tenuous shroud of vaporized rock, rich in elements like silicon, iron, aluminum, and calcium. "The planet is so hot that some of the molten rock should evaporate," explained Hu.

Measuring Subtle Variations in Infrared Colors

To distinguish between the two possibilities, the team used Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) to measure 4- to 12-micron infrared light coming from the planet.

Although Webb cannot capture a direct image of 55 Cancri e, it can measure subtle changes in light from the system as the planet orbits the star.

By subtracting the brightness during the secondary eclipse (image below, details/download), when the planet is behind the star (starlight only), from the brightness when the planet is right beside the star (light from the star and planet combined), the team was able to calculate the amount of various wavelengths of infrared light coming from the dayside of the planet.

This method, known as secondary eclipse spectroscopy, is similar to that used by other research teams to search for atmospheres on other rocky exoplanets, like TRAPPIST-1 b.




Cooler than Expected

The first indication that 55 Cancri e could have a substantial atmosphere came from temperature measurements based on its thermal emission (image below, details/download), or heat energy given off in the form of infrared light. If the planet is covered in dark molten rock with a thin veil of vaporized rock or no atmosphere at all, the dayside should be around 4,000 degrees Fahrenheit (~2,200 degrees Celsius).

"Instead, the MIRI data showed a relatively low temperature of about 2,800 degrees Fahrenheit [~1540 degrees Celsius]," said Hu. "This is a very strong indication that energy is being distributed from the dayside to the nightside, most likely by a volatile-rich atmosphere." While currents of lava can carry some heat around to the nightside, they cannot move it efficiently enough to explain the cooling effect.

When the team looked at the NIRCam data, they saw patterns consistent with a volatile-rich atmosphere. "We see evidence of a dip in the spectrum between 4 and 5 microns -- less of this light is reaching the telescope," explained co-author Aaron Bello-Arufe, also from NASA JPL. "This suggests the presence of an atmosphere containing carbon monoxide or carbon dioxide, which absorb these wavelengths of light." A planet with no atmosphere or an atmosphere consisting only of vaporized rock would not have this specific spectral feature.

"We've spent the last ten years modelling different scenarios, trying to imagine what this world might look like," said co-author Yamila Miguel from the Leiden Observatory and the Netherlands Institute for Space Research (SRON). "Finally getting some confirmation of our work is priceless!"

Bubbling Magma Ocean

The team thinks that the gases blanketing 55 Cancri e would be bubbling out from the interior, rather than being present ever since the planet formed. "The primary atmosphere would be long gone because of the high temperature and intense radiation from the star," said Bello-Arufe. "This would be a secondary atmosphere that is continuously replenished by the magma ocean. Magma is not just crystals and liquid rock; there's a lot of dissolved gas in it, too."

While 55 Cancri e is far too hot to be habitable, researchers think it could provide a unique window for studying interactions between atmospheres, surfaces, and interiors of rocky planets, and perhaps provide insights into the early conditions of Earth, Venus, and Mars, which are thought to have been covered in magma oceans far in the past. "Ultimately, we want to understand what conditions make it possible for a rocky planet to sustain a gas-rich atmosphere: a key ingredient for a habitable planet," said Hu.

This research was conducted as part of Webb's General Observers (GO) Program 1952. Analysis of additional secondary eclipse observations of 55 Cancri e are currently in progress.
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Rock steady: Study reveals new mechanism to explain how continents stabilized | ScienceDaily
Ancient, expansive tracts of continental crust called cratons have helped keep Earth's continents stable for billions of years, even as landmasses shift, mountains rise and oceans form. A new mechanism proposed by Penn State scientists may explain how the cratons formed some 3 billion years ago, an enduring question in the study of Earth's history.


						
The scientists reported today (May 8) in the journal Nature that the continents may not have emerged from Earth's oceans as stable landmasses, the hallmark of which is an upper crust enriched in granite. Rather, the exposure of fresh rock to wind and rain about 3 billion years ago triggered a series of geological processes that ultimately stabilized the crust -- enabling the crust to survive for billions of years without being destroyed or reset.

The findings may represent a new understanding of how potentially habitable, Earth-like planets evolve, the scientists said.

"To make a planet like Earth you need to make continental crust, and you need to stabilize that crust," said Jesse Reimink, assistant professor of geosciences at Penn State and an author of the study. "Scientists have thought of these as the same thing -- the continents became stable and then emerged above sea level. But what we are saying is that those processes are separate."

Cratons extend more than 150 kilometers, or 93 miles, from the Earth's surface to the upper mantle -- where they act like the keel of a boat, keeping the continents floating at or near sea level across geological time, the scientists said.

Weathering may have ultimately concentrated heat-producing elements like uranium, thorium and potassium in the shallow crust, allowing the deeper crust to cool and harden. This mechanism created a thick, hard layer of rock that may have protected the bottoms of the continents from being deformed later -- a characteristic feature of cratons, the scientists said.

"The recipe for making and stabilizing continental crust involves concentrating these heat-producing elements -- which can be thought of as little heat engines -- very close to the surface," said Andrew Smye, associate professor of geosciences at Penn State and an author of the study. "You have to do that because each time an atom of uranium, thorium or potassium decays, it releases heat that can increase the temperature of the crust. Hot crust is unstable -- it's prone to being deformed and won't stick around."

As wind, rain and chemical reactions broke down rocks on the early continents, sediments and clay minerals were washed into streams and rivers and carried to the sea where they created sedimentary deposits like shales that were high in concentrations of uranium, thorium and potassium, the scientists said.




Collisions between tectonic plates buried these sedimentary rocks deep in the Earth's crust where radiogenic heat released by the shale triggered melting of the lower crust. The melts were buoyant and ascended back to the upper crust, trapping the heat-producing elements there in rocks like granite and allowing the lower crust to cool and harden.

Cratons are believed to have formed between 3 and 2.5 billion years ago -- a time when radioactive elements like uranium would have decayed at a rate about twice as fast and released twice as much heat as today.

The work highlights that the time when the cratons formed on the early middle Earth was uniquely suited for the processes that may have led them to becoming stable, Reimink said.

"We can think of this as a planetary evolution question," Reimink said. "One of the key ingredients you need to make a planet like Earth might be the emergence of continents relatively early on in its lifespan. Because you're going to create radioactive sediments that are very hot and that produce a really stable tract of continental crust that lives right around sea level and is a great environment for propagating life."

The researchers analyzed uranium, thorium and potassium concentrations from hundreds of samples of rocks from the Archean period, when the cratons formed, to assess the radiogenic heat productivity based on actual rock compositions. They used these values to create thermal models of craton formation.

"Previously people have looked at and considered the effects of changing radiogenic heat production through time," Smye said. "But our study links rock-based heat production to the emergence of continents, the generation of sediments and the differentiation of continental crust."

Typically found in the interior of continents, cratons contain some of the oldest rocks on Earth, but remain challenging to study. In tectonically active areas, mountain belt formation might bring rocks that had once been buried deep underground to the surface.




But the origins of the cratons remain deep underground and are inaccessible. The scientists said future work will involve sampling ancient interiors of cratons and, perhaps, drilling core samples to test their model.

"These metamorphosed sedimentary rocks that have melted and produced granites that concentrate uranium and thorium are like black box flight recorders that record pressure and temperature," Smye said. "And if we can unlock that archive, we can test our model's predictions for the flight path of the continental crust."

Penn State and the U.S. National Science Foundation provided funding for this work.
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New guidelines for depression care emphasize patient-centred approach | ScienceDaily
Psychiatrists and mental health professionals have a new standard for managing major depression, thanks to refreshed clinical guidelines published today by the Canadian Network for Mood and Anxiety Treatments (CANMAT).


						
The CANMAT guidelines are the most widely used clinical guidelines for depression in the world. The new version integrates the latest scientific evidence and advances in depression care since the previous guidelines were published in 2016. The update was led by researchers at the University of B.C. and the University of Toronto, alongside a national working group of more than 40 academic clinical experts and patient partners.

"These recommendations not only represent the evidence and broad consensus of leading experts in depression research and care, but, importantly, they also reflect the perspectives of patients with lived experience," says co-lead author Dr. Raymond Lam, professor of psychiatry at UBC and co-director of the Mood Disorders Centre at the Djavad Mowafaghian Centre for Brain Health. "Our hope is that this update will empower clinicians with the latest recommendations that can help achieve better outcomes and improved quality of life for the millions of people affected by depression."

More than one in 10 Canadians will experience depression at some point in their lives, making it one of the largest public health burdens in Canada. However, it is estimated that only 20 per cent of people receive adequate treatment.

The updated guidelines cover eight primary topic areas that map the patient care journey, from assessment and diagnosis through to the selection of treatments and strategies to prevent recurrence. The question-and-answer format is designed to be practical, accessible and easy for clinicians to use.

To develop the refreshed guidelines, the working group conducted a comprehensive literature review of new scientific evidence published since the previous 2016 guidelines. Drafts were revised based on review by patient partners, expert peer review and a defined expert consensus process.

The resulting recommendations are organized by lines of treatment based on the level of evidence supporting each therapy and factors such as safety, tolerability and feasibility. Guidance is provided to aid healthcare professionals in choosing the right treatment option with an emphasis on collaborative decision-making.




"Depression is a complex and highly individualized condition," says Dr. Lam. "The guidelines highlight the importance of collaborating with patients in care decisions and providing a personalized treatment approach that carefully considers a person's needs, preferences and treatment history."

The guidelines underline the strong evidence base for well-established first-line treatments, including a number of medications, as well as psychological treatments such as cognitive behavioural therapy, interpersonal therapy and behavioural activation. Based on recent evidence, a number of new psychological and pharmacological treatments were added to the list of treatment options.

"Notable additions to the new guidelines are a strong emphasis on patient participation in choosing treatment, applying outcome measures throughout care, and an overview of digital mental health tools in the management of depression," says co-lead author Dr. Sidney Kennedy, professor of psychiatry at the University of Toronto and director of the Centre for Depression and Suicide Studies at Unity Health Toronto.

The guidelines include further direction on how healthcare professionals can incorporate lifestyle interventions, such as exercise, nutrition and sleep hygiene. They also explore when neuromodulation treatments should be considered and what should be done when a patient doesn't respond to initial treatments or develops treatment-resistant depression.

"Many well-established psychological and behavioural interventions have accumulated more support for their efficacy across different delivery formats," says co-author Dr. Lena Quilty, associate professor of psychiatry at the University of Toronto and senior scientist at the Centre for Addiction and Mental Health. "We are especially pleased to report on evidence for new interventions that target depression as well as commonly co-occurring challenges such as anxiety or disrupted cognitive processes. We hope that these additional alternatives provide more opportunities for integrated attention to these multi-faceted issues."

CANMAT is a network of academic and clinical experts dedicated to improving clinical care for people with mood and anxiety disorders. The new depression guidelines were published today in The Canadian Journal of Psychiatry. The researchers will be releasing updated versions of the CANMAT Pocket Guide to Depression for clinicians and the CHOICE-D Patient and Family Guide to Depression Treatment.
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Children sleep problems associated with psychosis in young adults | ScienceDaily
Children who experience chronic lack of sleep from infancy may be at increased risk of developing psychosis in early adulthood, new research shows.


						
Researchers at the University of Birmingham examined information on nighttime sleep duration from a large cohort study of children aged between 6 months and 7 years old. They found that children who persistently slept fewer hours, throughout this time period, were more than twice as likely to develop a psychotic disorder in early adulthood, and nearly four times as likely to have a psychotic episode.

While previous research has highlighted links between sleep problems and psychosis at specific time points, this is the first study to show that persistent lack of sleep is a strong predictor of psychosis.

Lead author, Dr Isabel Morales-Munoz, said: "It's entirely normal for children to suffer from sleep problems at different points in their childhood, but it's also important to know when it might be time to seek help. Sometimes sleep can become a persistent and chronic problem, and this is where we see links with psychiatric illness in adulthood.

"The good news is that we know that it is possible to improve our sleep patterns and behaviours. While persistent lack of sleep may not be the only cause of psychosis in early adulthood, our research suggests that it is a contributing factor, and it is something that parents can address."

The results, published in JAMA Psychiatry, were based on data taken from the Avon Longitudinal Study of Parents and Children (ALSPAC), which includes records of 12,394 children from 6 months to 7 years, and 3,889 at 24 years old.

While the association between lack of sleep in childhood and psychosis in early adulthood was robust in the study, the team have not proven a causal link and other factors associated with both childhood sleep and psychosis need to be explored.

The team looked, for example, at overall immune system health in the children to see whether impairments in the immune system could also account for some of the associations between lack of sleep and psychosis. This was tested at nine-years-old by measuring levels of inflammation in blood samples. Results showed that a weakened immune system could partially explain the links between lack of sleep and psychosis, but other unknown factors are also likely to be important.

Dr Morales- Munoz' research is part of the Mental Health Mission Midlands Translational Centre, led by the University of Birmingham and funded by the National Institute for Health and Care Research. Its aim is to test and validate treatments in early psychosis and depression among children and young people.

"We know that early intervention is really important in helping young people with mental illness. One of the priorities of the Midlands Mental Health Mission Translational Research Centre of Excellence is to develop and test targeted interventions that could have a real impact on young people who have an illness or who are at risk of developing one. Understanding the role that good sleep hygiene plays in positive mental health could be a really important part of this process."
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Iron fingerprints in nearby active galaxy | ScienceDaily
After starting science operations in February, Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) studied the monster black hole at the center of galaxy NGC 4151.


						
"XRISM's Resolve instrument captured a detailed spectrum of the area around the black hole," said Brian Williams, NASA's project scientist for the mission at the agency's Goddard Space Flight Center in Greenbelt, Maryland. "The peaks and dips are like chemical fingerprints that can tell us what elements are present and reveal clues about the fate of matter as it nears the black hole."

XRISM (pronounced "crism") is led by JAXA (Japan Aerospace Exploration Agency) in collaboration with NASA, along with contributions from ESA (European Space Agency). It launched Sept. 6, 2023. NASA and JAXA developed Resolve, the mission's microcalorimeter spectrometer.

NGC 4151 is a spiral galaxy around 43 million light-years away in the northern constellation Canes Venatici. The supermassive black hole at its center holds more than 20 million times the Sun's mass.

The galaxy is also active, which means its center is unusually bright and variable. Gas and dust swirling toward the black hole form an accretion disk around it and heat up through gravitational and frictional forces, creating the variability. Some of the matter on the brink of the black hole forms twin jets of particles that blast out from each side of the disk at nearly the speed of light. A puffy donut-shaped cloud of material called a torus surrounds the accretion disk.

In fact, NGC 4151 is one of the closest-known active galaxies. Other missions, including NASA's Chandra X-ray Observatory and Hubble Space Telescope, have studied it to learn more about the interaction between black holes and their surroundings, which can tell scientists how supermassive black holes in galactic centers grow over cosmic time.

The galaxy is uncommonly bright in X-rays, which made it an ideal early target for XRISM.




Resolve's spectrum of NGC 4151 reveals a sharp peak at energies just under 6.5 keV (kiloelectron volts) -- an emission line of iron. Astronomers think that much of the power of active galaxies comes from X-rays originating in hot, flaring regions close to the black hole. X-rays bouncing off cooler gas in the disk causes iron there to fluoresce, producing a specific X-ray peak. This allows astronomers to paint a better picture of both the disk and erupting regions much closer to the black hole.

The spectrum also shows several dips around 7 keV. Iron located in the torus caused these dips as well, although through absorption of X-rays, rather than emission, because the material there is much cooler than in the disk. All this radiation is some 2,500 times more energetic than the light we can see with our eyes.

Iron is just one element XRISM can detect. The telescope can also spot sulfur, calcium, argon, and others, depending on the source. Each tells astrophysicists something different about the cosmic phenomena scattered across the X-ray sky.

XRISM is a collaborative mission between JAXA and NASA, with participation by ESA. NASA's contribution includes science participation from CSA (Canadian Space Agency).
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Researchers say future is bright for treating substance abuse through mobile health technologies | ScienceDaily
Despite the high prevalence of substance abuse and its often devastating outcomes, especially among disadvantaged populations, few Americans receive treatment for substance use disorders. However, the rise of mobile health technologies can make treatments more accessible.


						
Researchers at the University of Oklahoma are creating and studying health interventions delivered via smartphones to make effective, evidence-based treatments available to those who cannot or don't want to enter traditional in-person treatment. Michael Businelle, Ph.D., co-director of the TSET Health Promotion Center, a program of OU Health Stephenson Cancer Center, recently published a paper in the Annual Review of Clinical Psychology that details the current landscape of mobile health technology for substance use disorders and suggests a roadmap for the future.

The Health Promotion Research Center (HPRC) is at the forefront of mobile health technologies worldwide, having attracted $65 million in grants and supporting nearly 100 mobile health studies. Within HPRC, Businelle leads the mHealth Shared Resource, which launched the InsightTM mHealth Platform in 2015 to create and test technology-based interventions. A multitude of health apps are available commercially, but few have undergone the research necessary to determine if they are effective. Businelle sees the promise of rigorously tested smartphone apps to fill gaps in substance abuse treatment.

"According to the Substance Abuse and Mental Health Services Administration, only 6% of people with substance use disorders receive any form of treatment," Businelle said. "There are many reasons -- we have a shortage of care providers, people may not have reliable transportation, may not be able to get away from work, or they may not be able to afford treatment. However, 90% of all U.S. adults own smartphones, and technology now allows us to create highly tailored interventions delivered at the time that people need them."

Businelle and his team have many mobile health studies underway for substance abuse, and the InsightTM mHealth Platform is used by other research institutions across the United States. The mobile health field is large and growing, not only for substance abuse but for mental health disorders like depression and anxiety. In his publication, Businelle makes several recommendations for research going forward.

Re-randomize clinical trial participants

Thus far, most clinical trials for mobile health interventions have mirrored traditional clinical trials studying new drugs, in which participants are randomly assigned to receive a new drug or a placebo and stay in those groups for the duration of the trial. But that approach doesn't work well for substance abuse trials, Businelle said. For example, if people don't quit smoking on their targeted quit date, they are unlikely to quit during the trial. Unlike traditional trials, mobile health apps can be programmed to re-randomize participants, or move them to a different intervention that might work better for them, he said.




"Instead of being stuck receiving a treatment that we know isn't likely to be effective for an individual, the app can easily re-randomize participants to different treatments," he said. "Just because they weren't successful with one type of intervention doesn't mean that another one won't work."

Objectively verify self-reports

Most substance abuse interventions have historically relied on people to report their own relapses. Unfortunately, because of stigma, people don't always report their usage truthfully, Businelle said. However, technology can now be used to biochemically verify self-reported substance use. In six of his smoking cessation trials, Businelle verifies whether participants have smoked by asking them to blow into a small device connected to a smartphone that detects the presence of carbon monoxide. Facial recognition software confirms the participant is the one testing.

"It is really important for the accuracy of our studies to objectively verify what people report," he said. "We are also developing similar noninvasive technologies that can detect the use of other types of substances without collecting urine or blood samples."

What is a successful outcome?

In mobile health substance abuse trials, success is often measured by whether a person is still using a substance at the end of the trial. But reality isn't usually so straightforward. Businelle said people may stop and start using a substance several times during a six-month trial. Instead of emphasizing the end result, he recommends using technology to assess the effectiveness of an intervention at daily, weekly and monthly intervals. By understanding the number of days of abstinence or number of days until a relapse, for example, the intervention can be more accurately assessed and improved.

Mobile health technology has disadvantages, such as the potential lack of a therapeutic relationship that can develop between patient and therapist, and because some people may need more intensive treatments than mobile health can provide. However, mobile health is still in its infancy.

"Mobile health interventions may reduce stigma because people do not have to attend treatment in person," Businelle said. "Because there is a severe shortage of qualified therapists, always-available behavior change apps could become a first line of treatment for substance abuse, with traditional counseling being reserved for those who do not respond to mobile health interventions."
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Damaging impact of heat waves on vital organs | ScienceDaily
Researchers from the University of California, Irvine have found evidence of the molecular causes of the damaging impact heat stress causes on the gut, liver and brain in the elderly. These findings point to the potential of developing precise prognostic and therapeutic interventions.


						
These organs have a complex and multidirectional communication system that touches everything from our gastrointestinal tract to the nervous system. Whether it is our brain affecting hunger or the liver influencing mental health, understanding the gut-liver-brain communication or "axis" is crucial to protecting human health.

Their study, which was conducted on mouse models, is published in thejournal Scientific Reports, a Nature Portfolio journal. It is one of the first to fill the knowledge gap on the effects of heat stress on a molecular level of this crucial biological conversation.

"Inflammation in the brain and spine contributes to cognitive decline, compromises the ability to form new neurons and exacerbates age-related diseases," said corresponding author, Saurabh Chatterjee, a professor of environmental & occupational health at the UC Irvine Program in Public Health. "By investigating the effects of heat stress on the gut-liver-brain crosstalk, we can better protect our increasingly vulnerable aging population."

Using RNA analysis and bioinformatics to analyze elderly, heat-stressed mice, Chatterjee and his team found evidence of heat stress-affected genes in the brain and liver. A significant increase in the production of ORM2, a liver-produced protein, was observed in the heat-stressed mice. The control group of unstressed mice did not show a change, providing proof of organ dysfunction in the heat-stressed mice.

Researchers believe that increased secretion of ORM2 is a coping mechanism that may be due to gut inflammation and imbalance. In addition, ORM2 may impact the brain through a leaky blood-brain barrier, emphasizing intricate multi-organ crosstalk.

Additionally, the study shows the potential to use ORM2 for targeted biomarker interventions to prevent liver disease in heat exposure. This observation advances molecular insights into the pathophysiology of adverse heat events and will serve as a foundation for future research.

"Our findings have the potential to be used for the development of prognostic and therapeutic markers for precise interventions," said Chatterjee. "In a dynamically changing global landscape, the imminent threat of climate change is evident in rising temperatures, raising concerns about intermittent heat waves. Our heating planet is undoubtedly leading to acute and chronic heat stress that harms the health of our aging population."

Additional authors from UCI Public Health include members of the Environmental Health and Disease Laboratory: doctoral students Subhajit Roy (the first author), Punnag Saha, Dipro Bose, Ayushi Trivedi and Madhura More; and Christina Lin, Jie Wu and Melanie Oakes with the UCI genomics high-throughput facility.

A grant from the National Institute of Environmental Health Sciences and a Veterans Affairs Merit award provided study support.
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New record holder for smallest dispersers of ingested seeds: Woodlice | ScienceDaily
Even bugs as small as woodlice can disperse seeds they eat, setting a new record for smallest animal recorded to do so. The Kobe University discovery underscores the crucial yet often overlooked role that small invertebrates play in ecosystems.


						
Many plants offer fruit to animals so that they also eat the seeds and deposit them at a farther-off place after they have passed through the animal's digestive tract. For this to work smoothly, plant seeds need to be findable by and attractive to the potential disseminator, robust enough to not be damaged in the process, and small and smooth enough to actually pass through. Considering that seeds of some plants can be as small as dust particles, it is surprising that so far, almost exclusively mammals and birds have been studied as hosts for their dispersal.

"Our group recognized the potential for discovering novel ecological interactions by investigating the roles of less conspicuous organisms such as small invertebrates," says Suetsugu Kenji, a Kobe University botanist specializing on the complex relationships between plants and their dispersers. He and his team focused on the small, non-photosynthesizing, fungi-eating "silver dragon plant" found across East Asia, known for its minuscule, robust seeds in a fleshy fruit, but where little was known about its method of dispersal. During the fruiting season of the plant, they took automated photographs of the plants at regular intervals at night and identified which animals ate most of the fruit. They then conducted feeding experiments on these species and subsequent viability analyses on the seeds to ascertain whether the plant's seeds can pass through their digestive tracts intact.

In the journal Plants, People, Planet, the team now published their discovery that camel crickets ate more than half of the fruit and also showed the highest viability rate of the passed seeds. To their surprise, woodlice and earwigs also consumed significant amounts of the seeds and showed a reasonable seed survival rate of over 30 percent, setting a new record for the respectively smallest and most light-weight animals to partake in dispersing seeds after ingesting them.

"Organisms known primarily as seed predators can also engage in mutualistic associations with plants as seed dispersers. Therefore, the behavior of earwigs and woodlice in destroying some seeds during ingestion does not necessarily render them antagonists," write the Kobe University team in their paper. Rather, being able to rely on a greater variety of seed-dispersing animals probably benefits the plant, as this would allow its seeds to be carried to more diverse environments. This makes it more likely for the plant seedling to encounter the fungi it needs for its own sustenance, the researchers argue.

Suetsugu comments on the significance of these findings: "The identification of novel seed dispersal agents among small invertebrates prompts a reevaluation of conservation strategies, emphasizing the importance of preserving diverse habitats that support a wide range of species, including those previously considered ecologically insignificant. We aim to investigate whether similar dispersal mechanisms exist for other plant species, potentially uncovering a widespread ecological phenomenon that has been largely overlooked."

The research was conducted in collaboration with researchers from Hokkaido University and the Ishikawa Prefectural University.
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An adjuvant made in yeast could lower vaccine cost and boost availability | ScienceDaily
Adjuvants make vaccines more effective, though one of the best is an expensive extract from the soap bark tree. To lower the cost and avoid the laborious extraction process from bark, UC Berkeley and Berkeley Lab synthetic biologists introduced 38 separate genes into yeast to recreate the synthesis of the active molecule, a complex chemical, QS-21, that has a terpene core and numerous sugars. This may be the longest biosynthetic pathway ever inserted into yeast.


						
Vaccines save lives, as shown during the recent pandemic, but one component of most vaccines -- including the Novavax COVID-19 vaccine -- goes unheralded: a molecule or other compound that primes the immune system to mount a more robust defense against infection.

These so-called adjuvants are added in small quantities but have a big protective effect, particularly in infants with immature immune systems and older people with a declining immune response.

Yet, one of the strongest adjuvants, an extract of the Chilean soap bark plant, is so difficult to produce that it costs several hundred million dollars per kilogram (2.2 pounds).

University of California, Berkeley, and Lawrence Berkeley National Laboratory (Berkeley Lab) scientists have now wielded the power of synthetic biology to produce the active ingredient of soap bark, a molecule called QS-21, in yeast. Producing compounds like this in yeast is not only cheaper, but more environmentally friendly, avoiding many of the caustic and toxic chemicals needed to extract the compound from plants.

While yields from the yeast-based process are still small -- a few hundred dollars' worth from a liter of broth -- the feat promises to make one of the most effective adjuvants available more broadly and to lower the cost of vaccines, in general.

"During the pandemic, public health officers were really worried about QS-21 adjuvant availability because that only comes from one tree," said Jay Keasling, UC Berkeley professor of chemical and biomolecular engineering and senior faculty scientist at Berkeley Lab. "From a world health perspective, there's a lot of need for an alternative source of this adjuvant."

The production of QS-21 involved the insertion of 38 different genes from six organisms into yeast -- building one of the longest biosynthetic pathways ever transplanted into any organism, Keasling said.




"The production of the potent vaccine adjuvant QS-21 in yeast highlights the power of synthetic biology to address both major environmental, as well as human, health challenges," said former UC Berkeley postdoctoral fellow Yuzhong Liu, first author of the paper and now an assistant professor at Scripps Research in La Jolla, California.

The results will be published May 8 in the journal Nature.

Building upon malaria work

The benefit of adding an adjuvant to a vaccine was first noted in the 1920s, when alum -- an aluminum salt -- was discovered to boost the effectiveness of a diphtheria vaccine. Alum has since been added to many vaccines that use a portion of a pathogen -- though not the infectious part -- to induce immunity. Because adjuvants make vaccines more effective, they also allow doctors to use smaller doses of the active ingredient, called an antigen.

Not long after alum was discovered to boost the effectiveness of vaccines, a group of soap-like molecules was found to do the same. By the 1960s, researchers had focused on an extract of the Chilean soapbark tree (Quillaja saponaria) that strongly activates different components of the immune system to amplify the effect of giving a vaccine antigen alone. For the last 25 years, one component of that extract -- QS-21 -- has been one of the main non-aluminum adjuvants in vaccines, having been tested in more than 120 clinical trials. It is found in the shingles vaccine (Shingrix) given to older adults, a malaria vaccine (Mosquirix) currently used in children to protect against the parasite Plasmodium falciparum, and the Novavax SARS-COVID-19 vaccine.

QS-21 is produced today by stripping bark from the tree and chemically extracting and separating its many compounds, some of which are toxic. Though QS-21 is a complex molecule containing a terpene core and eight sugar molecules, it has been synthesized in the laboratory. But that synthesis takes 79 separate steps, starting from an intermediate chemical that itself has to be synthesized.




Keasling, who is the CEO of the U.S. Department of Energy-funded Joint BioEnergy Institute (JBEI) in Emeryville, Calif., was asked to try to recreate the synthesis process in yeast because he has worked for years adding genes to yeast to get them to make terpene compounds, among them artemisinin, an antimalarial drug, but also scents and flavorings. Terpene compounds, like those responsible for the scent of pine trees, are often fragrant.

"This work builds on our malaria work," he said. "We worked on the malaria therapy. Now, this could be an adjuvant for the malaria vaccines in the future."

Adding the eight sugars proved challenging, as did balancing unsuspected interactions among enzymes in yeast. All this had to be accomplished without throwing off critical metabolic pathways that are needed for yeast growth.

"It has eight sugars and a terpenoid in the middle. I mean, it makes the artemisinin biosynthetic pathway look like nothing," Keasling said. "I am gratified that synthetic biology has come so far that we can now build a pathway to produce a molecule like QS-21. It's a testament to how far the field has progressed in the last two decades."

He and his lab colleagues, led by postdoctoral fellow Liu, worked closely with plant researcher Anne Osbourn at the John Innes Center in the United Kingdom. Osbourn had earlier teased out the many enzymatic steps involved in the soapbark tree's production of natural QS-21. Over the past five years, as Osbourn discovered new steps in the process and tested them in tobacco plants, Keasling's lab gradually added these new genes to yeast to replicate the synthetic steps.

"It was a great collaboration, because as soon as she'd get a new gene in the pathway, they'd send it our way, and we'd put it into yeast," Keasling said. "It was also good for her, because she got a test of whether her tobacco assay was telling her the right thing."

'Everything from a single sugar'

Earlier this year, Osbourn and Keasling published the complete 20-step process by which the soapbark tree makes QS-21, reconstituted in tobacco. Unfortunately, tobacco is a test bed for plant chemistry, but not a scalable way to produce a chemical compound.

The new paper reconstitutes that process in yeast, with additional steps added because yeast do not contain some enzymes that naturally exist in plants. Currently, a liter of the fermenting bioengineered yeast can produce about 100 micrograms of QS-21 in three days, with a market value of about $200. But yeast biosynthesis is scalable.

"Even at the levels we're producing it, it's cheaper than producing it from the plant," Keasling said.

The engineered yeast subsist only on sugar, which is an added advantage, he said.

"My whole thing is, I want to make everything from a single sugar. I just want to feed yeast glucose, because eventually we want this process to be scaled. And if you feed them a bunch of fancy intermediates, then it's going to result in a process that is not scalable," Keasling said. "In the end, I'd like to start with glucose, so when the production is performed in large tanks, they're able to produce QS-21 as easily and inexpensively as possible."

While Keasling plans to leave optimization of the process for large-scale production to others, he does hope to tweak the enzymatic steps he has introduced into yeast to produce variants of QS-21 that could potentially be more effective than QS-21. And yeast biosynthesis allows him to experiment with pruning the QS-21 molecule to see which portions can be eliminated without altering the molecule's effectiveness.

The research was funded by an industrial grant.
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Disorder improves battery life | ScienceDaily
What determines the cycle life of batteries? And, more importantly, how can we extend it? An international research team led by TU Delft has discovered that local disorder in the oxide cathode material increases the number of times Li-ion batteries can be charged and discharged. Their results have been published in Nature.


						
Unstable electrode

Rechargeable batteries are a key ingredient of the energy transition, especially now that more and more renewable energy is becoming available. Among the many types of rechargeable batteries, Li-ion batteries are among the most powerful and widely used ones. To electrically connect them, layered oxides are often used as electrodes. However, their atomic structure becomes unstable when the battery is being charged. This ultimately affects the battery cycle life.

Local disorder

To solve this problem, the 'Storage of Electrochemical Energy' group at TU Delft teamed up with international researchers. The paper's lead author, Qidi Wang: "The layered oxide used as cathode material for Li-ion batteries is neatly ordered. We conducted a structure design study to introduce chemical short-range disorder into this material through an improved synthesis method. As a result, it became more stable during battery use."

Longer cycle life, shorter charging time

The improved structural stability almost doubled the battery's capacity retention after 200 charging/discharging cycles. In addition, this chemical short-range disorder increases the charge transfer in the electrode, resulting in shorter charging times. The team demonstrated these advantages for well-established commercial cathodes such as lithium cobalt oxide (LiCoO2) and lithium nickel manganese cobalt oxide (NMC811).

Critical materials

The outcomes could lead to a new generation of Li-ion batteries, with a lower manufacturing cost and smaller CO2 footprint per unit of energy stored over its lifetime. The team will next investigate if the same material design principles can be used to build cathodes from raw materials that are less scarce. "Both cobalt and nickel are so-called critical materials for energy technologies and it would be a good thing to reduce the use these materials in batteries," says the paper's senior author, Marnix Wagemaker.
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New target for potential leukemia therapy | ScienceDaily
Boston -- A team of Dana-Farber Cancer Institute investigators discovered that a subset of myeloid and lymphoid leukemias depend on a molecular complex called PI3Kgamma for survival. The study provides both mechanistic and preclinical evidence supporting the rapid initiation of clinical trials for patients with acute myeloid leukemia (AML) to test an existing medicine that inhibits the complex, called eganelisib, both alone and in combination with the most used AML chemotherapy, cytarabine. The study was published in Nature.


						
"Given what we've observed, we can move very quickly to take these medicines, which appear to be safe and well tolerated, to patients with AML," says principal investigator Andrew Lane, MD, PhD, a clinician-scientist in the Adult Leukemia Program at Dana-Farber. "We are planning clinical trials to start hopefullywithin the next year."

Treatment for AML has advanced in the last decade, but most patients ultimately relapse after treatment. Therapies that target AML-related mutations have provided options for subsets of patients, though the cancer eventually evolves to evade the therapy.

The Dana-Farber team took a different approach to searching for therapeutic targets. Rather than focusing on mutations, first author Qingyu Luo, MD, PhD, a research fellow in Lane's lab, used genome wide CRISPR interference to search for genes that AML cells rely on to grow.

He found a promising hit. A subset of leukemia cells relied on a gene called PI3KR5 to survive. That gene produces an important portion of the PI3Kgamma complex.

This hit was attractive in part because the PI3Kgamma complex had been studied before, though not in AML. In addition, a medicine already existed to inhibit it. This drug, eganelisib, has been tested in trials for certain solid tumors to enhance cancer immunotherapy.

What Luo and Lane had found, however, was a completely different mechanism of action in which the drug might work directly on leukemia cells to stop their growth.




To validate this hypothesis, the team treated animal models harboring patient-derived leukemia xenografts with eganelisib. They found that the leukemia xenografts predicted to be highly dependent on PI3Kgamma shrank, and the animal models survived longer when treated with eganelisib.

Looking at The Cancer Genome Atlas Data (TCGA), the team found that patients with AML predicted to be sensitive to eganelisib don't do as well in terms of survival on existing therapies compared to those with negative biomarkers. This finding suggests that this patient group, which can be identified by high levels of PI3KR5 expression, has a need for new medicines and could potentially benefit from treatment with eganelisib.

"This is a drug that is ready to be tested in patients with AML," says Lane. "It's already been used in clinical trials for many patients with solid tumors."

Luo, who initiated this research to improve existing therapies for AML, also treated animal models of leukemia with cytarabine alone and with eganelisib plus cytarabine. The team found that those treated with a combination of eganelisib and cytarabine survived longer than those treated with cytarabine alone, regardless of the leukemia's sensitivity to PI3Kgamma inhibition alone.

The observations suggested that the two medicines worked synergistically. Luo investigated and found that PI3Kgamma, when inhibited, also results in the suppression of a leukemia cell metabolic process called oxidative phosphorylation (OXPHOS). Leukemia cells depend on OXPHOS for energy, and suppression of OXPHOS can result in their demise.

Luo also discovered that leukemia cells that survive standard treatment with cytarabine tend to be more dependent on PI3Kgamma than they were prior to treatment. These surviving leukemia cells -- which are the cause of AML relapse -- could be vulnerable to combination therapy with eganelisib and cytarabine.

"We want synergy, where two drugs mesh with each other," says Luo. "Through inhibition of PI3Kgamma, eganelisib has this downstream effect of suppressing an energy pathway important in AML relapse."

The team is now focused on designing clinical trials for patients.

"This study provides the scientific rationale for a clinical application and also helps us understand where the discoveries apply to the needs of our patients," says Lane. "Dana-Farber is one of the unique places where you can go from molecular biology in the lab to testing in models based on patient samples and then to rapidly initiating a clinical trial on the basis of this science."
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Faster approach for starting extended-release naltrexone to treat opioid use disorder shown effective | ScienceDaily
Starting people with opioid use disorder on extended-release, injectable naltrexone (XR-naltrexone) within five to seven days of seeking treatment is more effective than the standard treatment method of starting within 10-15 days, but requires closer medical supervision, according to results from a clinical trial supported by the National Institutes of Health's (NIH) National Institute on Drug Abuse (NIDA). Published in JAMA Network Open, the findings suggest that this rapid treatment protocol could make XR-naltrexone more viable as a treatment option for opioid use disorder, which continues to take lives at an alarming rate.


						
"When someone is ready to seek treatment for opioid use disorder, it is crucial that they receive it as quickly as possible," said Nora Volkow, M.D., NIDA director. "This study paves the way for more timely care with one of the three medications for opioid use disorder we have available, better supporting people in their ability to choose the treatment option that will work best for them."

XR-naltrexone is one of three Food and Drug Administration-approved medications for the treatment of opioid use disorder. It works by binding to and blocking opioid receptors in the brain, which reduces opioid cravings and prevents the euphoric and sedative effects of opioids. However, starting treatment with XR-naltrexone has traditionally required patients to go through a seven to 10-day opioid-free period, to avoid experiencing painful withdrawal symptoms caused when naltrexone abruptly stops the effects of opioids in the brain. During this waiting period, patients are at high risk of returning to opioid use or discontinuing treatment. This has been a significant barrier to implementation of XR-naltrexone.

To address this challenge, researchers tested the effectiveness of a more rapid procedure to start people with opioid use disorder on XR-naltrexone. Between March 2021 and September 2022, the study enrolled and followed 415 patients with opioid use disorder who were admitted at six community-based inpatient addiction facilities across the U.S. and who chose treatment with XR-naltrexone. Every 14 weeks, the sites were randomized to either provide the standard XR-naltrexone procedure, or the more rapid procedure.

In the study, standard XR-naltrexone prescribing included a three- to five-day treatment period with buprenorphine to ease withdrawal symptoms, followed by a seven- to 10-day opioid-free period. The rapid procedure consisted of one day of buprenorphine (up to 10 mg), a 24-hour opioid-free period, and a gradual increase in low-dose oral naltrexone for three to four days prior to getting an injection of XR-naltrexone. Doctors also used medications such as clonidine and clonazepam throughout the process to manage withdrawal symptoms.

The study found that patients on the rapid five to seven-day treatment procedure were significantly more likely to receive a first injection of XR-naltrexone compared to those on the standard seven to 15-day treatment procedure (62.7% vs. 35.8%). Withdrawal severity was generally low and comparable across the two groups. Targeted safety events and serious adverse events (such as a fall or overdose) were infrequent overall but occurred more on rapid procedure (5.3% and 6.7%) than on standard procedure (2.1% and 1.6%), and the rapid procedure required more staff attention. This indicates that closer monitoring and greater clinical expertise may be needed if patients start treatment with the rapid procedure.

Though the shorter wait-time improved the proportion of people who started on XR-naltrexone overall, these findings underscore that challenges remain in starting patients on XR-naltrexone and also keeping them in treatment long term. Across both the standard and rapid procedures, the most commonly reported reason that participants did not receive a first dose of XR-naltrexone was that they chose to leave the treatment unit early. The authors also note that only about 10% of all patients entering treatment chose XR-naltrexone. These findings reaffirm that a small but sizable proportion of people with opioid use disorder do opt for treatment with XR-naltrexone when presented with all three medication choices, and that it is important to support research into making this evidence-based treatment option more viable for those who choose it.




"Time has been an important barrier that we've seen hinder the use of extended-release naltrexone for opioid use disorder in the past, both among individuals and treatment providers," said Matisyahu Shulman, M.D., a clinician researcher at New York State Psychiatric Institute and Columbia University Irving Medical Center, New York City, and lead author on the study. "We hope that these findings can help encourage more treatment settings to offer extended-release naltrexone as a safe and effective option for patients, to help prevent overdose and support recovery."

The authors note that future studies should explore sustainability, feasibility, and health economic aspects of this more rapid treatment protocol for XR-naltrexone. Despite cost savings from fewer days on the rapid procedure, the resources needed for intensive monitoring should also be considered.

In 2022, over 107,000 people died of a drug overdose, with 75% of those deaths involving an opioid. The overall rise in overdose deaths is largely attributable to the proliferation in the drug supply of illicit fentanyl, a highly potent synthetic opioid. Decades of research have shown the overwhelming benefit of three existing medications for opioid use disorder: methadone, buprenorphine, and XR-naltrexone.

The study, known as the Surmounting Withdrawal to Initiate Fast Treatment with Naltrexone (SWIFT) study, was conducted at six sites within the NIDA Clinical Trials Network and funded through NIH's Helping to End Addiction Long-Term Initiative (or NIH HEAL initiative). The study was led by researchers at New York State Psychiatric Institute and Columbia University Irving Medical Center.
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Marine bacteria team up to produce a vital vitamin | ScienceDaily
A German-American research team led by microbiologist Dr Gerrit Wienhausen from the University of Oldenburg (Germany) has come an important step closer to a better understanding of highly complex interactions between marine microorganisms. The researchers conducted various experiments to analyse the interaction between two species of marine bacteria from the North Sea in the synthesis of vitamin B12, and have now published their findings in the scientific journal Nature.


						
Vitamin B12 is a vital but scarce commodity in the sea (and elsewhere). It is essential not only for the metabolism of the two bacteria investigated in this study, but for many other marine organisms. "Half of all algal species cannot survive without this vitamin," Wienhausen explains. Yet like humans, algae cannot produce B12 themselves. So the researchers from the University of Oldenburg and the Scripps Institution of Oceanography in San Diego (USA) were eager to take a closer look at B12 synthesis in marine bacteria.

While certain bacterial strains are known as vitamin B12 producers, this research project focused on two strains of the Roseovarius and Colwellia genera that each produce just one of the two building blocks of vitamin B12, meaning that they can only synthesise the substance in cooperation with each other. "It's fascinating how complex the interactions between bacteria can be," emphasises Wienhausen with reference to the new study, which was conducted as part of the Roseobacter Collaborative Research Centre headed by Oldenburg microbiologist Prof. Dr Meinhard Simon, who also co-authored the current publication.

Complex interactions between two strains of bacteria

Using complex lab experiments and cutting-edge analytical tools, the researchers were able to explore the interactions between the two bacterial strains in detail. According to their findings, bacteria of the Colwellia strain M166 synthesise the smaller building block for vitamin B12 and release it into the surrounding water. For their part, the bacteria of the Roseovarius strain M141 not only produce the larger building block -- which is the main component -- but are also able to synthesise the B12 that both bacterial strains require from the combination of the two building blocks.

However, the Roseovarius strain doesn't release the vitamin on its own, but only once Colwellia activates a virus encoded in the bacterial genome of its co-producer and the virus multiplies. The resulting viral infection causes some of the affected Roseovarius bacteria to burst, and vitamin B12 is released alongside the virus, thus becoming available to Colwellia (and possibly other marine organisms, too). "This fine-tuned cross-feeding of metabolic building blocks and products may not only be relevant in marine microbial communities but also in other ecosystems," the researchers from the Oldenburg Institute for Chemistry and Biology of the Marine Environment (ICBM) and the Scripps Institution of Oceanography report in Nature.

"We were able to demonstrate for the first time that two bacteria only synthesise B12 in cooperation with each other," says Wienhausen. "Such a complex form of interaction between bacteria was previously unknown."

More than 60 researchers from Oldenburg, Braunschweig, Gottingen and Bonn investigated the bacteria of the Roseobacter group over the past 13 years within the Transregional Collaborative Research Centre (CRC) Roseobacter, which is funded by the German Research Foundation (DFG). These bacteria are found in all marine habitats -- from the tropics to the polar seas and from the sea surface to the deep sea. Among other achievements, the researchers have discovered many new strains and described their distribution and functional biogeography in the world's oceans for the first time. More than 280 scientific articles based on research conducted within the context of the CRC have been published to date.
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More than 321,000 U.S. children lost a parent to drug overdose from 2011 to 2021 | ScienceDaily
An estimated 321,566 children in the United States lost a parent to drug overdose from 2011 to 2021, according to a study published in JAMA Psychiatry. The rate of children who experienced this loss more than doubled during this period, from approximately 27 to 63 children per 100,000. The highest number of affected children were those with non-Hispanic white parents, but communities of color and tribal communities were disproportionately affected. The study was a collaborative effort led by researchers at the National Institutes of Health's (NIH) National Institute on Drug Abuse (NIDA), the Substance Abuse and Mental Health Services Administration (SAMHSA), and the Centers for Disease Control and Prevention (CDC).


						
Children with non-Hispanic American Indian/Alaska Native parents consistently experienced the highest rate of loss of a parent from overdose from 2011 to 2021 -- with 187 per 100,000 children affected in this group in 2021, more than double the rate among non-Hispanic white children (76.5 per 100,000) and among non-Hispanic Black children (73 per 100,000). While the number of affected children increased from 2011 to 2021 across all racial and ethnic populations, children with young non-Hispanic Black parents (18 to 25 years old) experienced the highest -- roughly 24% -- increase in rate of loss every year. Overall, children lost more fathers than mothers (192,459 compared to 129,107 children) during this period.

"It is devastating to see that almost half of the people who died of a drug overdose had a child. No family should lose their loved one to an overdose, and each of these deaths represents a tragic loss that could have been prevented," said Nora Volkow, M.D., NIDA director. "These findings emphasize the need to better support parents in accessing prevention, treatment, and recovery services. In addition, any child who loses a parent to overdose must receive the care and support they need to navigate this painful and traumatic experience."

From 2011 to 2021, 649,599 people aged 18 to 64 died from a drug overdose. Despite these tragic numbers, no national study had previously estimated the number of children who lost a parent among these deaths. To address this gap, researchers used data about people aged 18 to 64 participating in the 2010 to 2019 National Surveys on Drug Use and Health (NSDUH) to determine the number of children younger than 18 years living with a parent 18 to 64 years old with past-year drug use. NSDUH defines a parent as biological parent, adoptive parent, stepparent, or adult guardian.

The researchers then used these data to estimate the number of children of the nearly 650,000 people who died of an overdose in 2011 to 2021 based on the national mortality data from the CDC National Vital Statistics System. The data were examined by age group (18 to 25, 26 to 40, and 41 to 64 years old), sex, and self-reported race and ethnicity.

The researchers found that among the estimated 321,566 American children who lost a parent to overdose from 2011 to 2021, the highest numbers of deaths were among parents aged 26 to 40 (175,355 children) and among non-Hispanic white parents (234,164). The next highest numbers were children with Hispanic parents (40,062) and children with non-Hispanic Black parents (35,743), who also experienced the highest rate of loss and highest year-to-year rate increase, respectively. The racial and ethnic disparities seen here are consistent with overall increases in overdose deaths among non-Hispanic American Indian/Alaska Native and Black Americans in recent years, and highlight disproportionate impacts of the overdose crisis on minority communities.

"This first-of-its-kind study allows us to better understand the tragic magnitude of the overdose crisis and the reverberations it has among children and families," said Miriam E. Delphin-Rittmon, Ph.D., HHS Assistant Secretary for Mental Health and Substance Use and the leader of SAMHSA. "These data illustrate that not only are communities of color experiencing overdose death disparities, but also underscore the need for responses to the overdose crisis moving forward to comprehensively address the needs of individuals, families and communities."

Based on their findings, the researchers emphasize the importance of whole-person health care that treats a person with substance use disorder as a parent or family member first and foremost, and provides prevention resources accordingly to support families and break generational cycles of substance use. The study also points to the need to incorporate culturally-informed approaches in prevention, treatment, recovery, and harm reduction services, and to dismantle racial and ethnic inequities in access to these services.

"Children who lose a parent to overdose not only feel personal grief but also may experience ripple effects, such as further family instability," said Allison Arwady, M.D., M.P.H., director of CDC's National Center for Injury Prevention and Control. "We need to ensure that families have the resources and support to prevent an overdose from happening in the first place and manage such a traumatic event."
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Childhood maltreatment responsible for up to 40 percent of mental health conditions | ScienceDaily
A study examining childhood maltreatment in Australia has revealed the shocking burden for Australians, estimating it causes up to 40 percent of common, life-long mental health conditions.


						
The mental health conditions examined were anxiety, depression, harmful alcohol and drug use, self-harm and suicide attempts. Childhood maltreatment is classified as physical, sexual and emotional abuse, and emotional or physical neglect before the age of 18.

Childhood maltreatment was found to account for 41 percent of suicide attempts in Australia, 35 percent for cases of self-harm and 21 percent for depression.

The analysis, published in JAMA Psychiatry is the first study to provide estimates of the proportion of mental health conditions in Australia that arise from childhood maltreatment.

The researchers said the results are a wakeup call for childhood abuse and neglect to be treated as a national public health priority.

"The results are devasting and are an urgent call to invest in prevention -- not just giving individual support to children and families, but wider policies to reduce stress experienced by families," said Dr Lucinda Grummitt, from the University of Sydney's Matilda Centre, who led the study.

"Investments to address childhood maltreatment have the potential to avert millions of cases of mental disorders in Australia."

The analysis also found that if childhood maltreatment was eradicated in Australia, more than 1.8 million cases of depression, anxiety and substance use disorders could be prevented.




The study also found elimination of childhood maltreatment in Australia would, in 2023, have prevented 66,143 years of life lost (death) and 118,493 years lived with disability, totaling 184,636 years of healthy life lost through mental health conditions.

Researchers examined data that included national surveys provided by the Australian Child Maltreatment Study in 2023 (8500 participants), the Australian National Study of Mental Health and Wellbeing 2020-2022 (15,893 participants) and the Australian Burden of Disease study 2023.

The study made use of analytical methods to investigate the link between child maltreatment and mental health, which isolated other influential factors such as genetics or social environments. This provides stronger evidence that childhood maltreatment causes some mental health conditions.

Mental health conditions are currently the leading cause of disease burden globally and affect 13 percent of the global population. In Australia, suicide is the leading cause of death for young people.

Previous research (independent to the University of Sydney study) found over half (53.8 percent) of Australians experienced maltreatment during their childhood.

Dr Grummitt said there are effective interventions, such as programs to support children experiencing maltreatment or parent education programs, but the most sustainable solution to prevent child maltreatment is policy-driven prevention.




"Policies to alleviate stress experienced by families, such as paid parental leave, affordable childcare, income support like Jobseeker, and making sure parents have access to treatment and support for their own mental health could make a world of difference for Australian children.

"Addressing the societal and economic conditions that give rise to child maltreatment can play a large part in preventing mental disorders at a national level," Dr Grummitt said.

The researchers cite an example in the United States where the introduction of state paid parental leave policies and timely access to subsidised childcare were strongly linked to reduced rates of child maltreatment.
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Stilling the quantum dance of atoms | ScienceDaily
Researchers based at the University of Cambridge have discovered a way to stop the quantum dance of atoms 'seen' by electrons in carbon-based organic molecules. This development will help improve the performance of light emitting molecules used in displays and bio-medical imaging.


						
Since the discovery of quantum mechanics more than a hundred years ago, it has been known that electrons in molecules can be coupled to the motion of the atoms that make up the molecules. Often referred to as molecular vibrations, the motion of atoms act like tiny springs, undergoing periodic motion. For electrons in these systems, being joined to the hip with these vibrations means they are constantly in motion too, dancing to the tune of the atoms, on timescales of a millionth of a billionth of a second. But all this dancing around leads to a loss of energy and limits the performance of organic molecules in applications like light emitting diodes (OLEDs), infrared sensors and fluorescent biomarkers used in the study of cells and for tagging diseases such as cancer cells.

Now, researchers using laser-based spectroscopic techniques have discovered 'new molecular design rules' capable of halting this molecular dance. Their results, reported in Nature, revealed crucial design principles that can stop the coupling of electrons to atomic vibrations, in effect shutting down their hectic dancing and propelling the molecules to achieve unparalleled performance.

"All organic molecules, such as those found in living cells or within the screen of your phone consist of carbon atoms connected to each other via a chemical bond," said Cavendish PhD student Pratyush Ghosh, first author of the study and member of St John's College.

"Those chemical bonds are like tiny vibrating springs, which are generally felt by electrons, impairing the performance of molecules and devices. However, we have now found that certain molecules can avoid these detrimental effects when we restrict the geometric and electronic structure of the molecule to some special configurations."

To demonstrate these design principles, the scientists designed a series of efficient near-infrared emitting (680-800 nm) molecules. In these molecules, energy losses resulting from vibrations -- essentially, electrons dancing to the tune of atoms -- were more than 100 times lower than in previous organic molecules.

This understanding and development of new rules to design light emitting molecules has opened an extremely interesting trajectory for the future, where these fundamental observations can be applied to industries.

"These molecules also have a wide range of applications today. The task now is to translate our discovery to make better technologies, from enhanced displays to improved molecules for bio-medical imaging and disease detection," concluded Professor Akshay Rao from Cavendish Laboratory, who led this research.
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How psychedelic drugs interact with serotonin receptors to potentially produce therapeutic benefits | ScienceDaily
Researchers at the Icahn School of Medicine at Mount Sinai have shed valuable light on the complex mechanisms by which a class of psychedelic drugs binds to and activates serotonin receptors to produce potential therapeutic effects in patients with neuropsychiatric disorders such as depression and anxiety. In a study published May 8 in Nature, the team reported that certain psychedelic drugs interact with an underappreciated member of the serotonin receptor family in the brain known as 5-HT1A to produce therapeutic benefits in animal models.


						
"Psychedelics like LSD and psilocybin have entered clinical trials with promising early results, though we still don't understand how they engage different molecular targets in the brain to trigger their therapeutic effects," says first author Audrey Warren, a PhD candidate in the Graduate School of Biomedical Sciences at Icahn Mount Sinai "Our study highlights, for the first time, how serotonin receptors like 5-HT1A likely modulate the subjective effects of the psychedelic experience and also play a potentially pivotal role in their clinically observed therapeutic outcome."

LSD and 5-MeO-DMT, a psychedelic found in the secretions of the Colorado River Toad, are known to mediate their hallucinogenic effects through the serotonin receptor 5-HT2A, though these drugs also activate 5-HT1A, a validated therapeutic target for treating depression and anxiety. Working closely with co-author Dalibor Sames, PhD, Professor in the Department of Chemistry at Columbia University, the team synthesized and tested 5-MeO-DMT derivatives in cell signaling assays and cryo-electron microscopy to identify the chemical components most likely to cause a drug to preferentially activate 5-HT1A over 5-HT2A. That exercise led to the discovery that a compound termed 4-F, 5-MeO-PyrT was the most 5-HT1A-selective compound in this series. Lyonna Parise, PhD, an instructor in the lab of Scott Russo, PhD, Director of the Center for Affective Neuroscience and the Brain and Body Research Center at Icahn Mount Sinai, then tested that lead compound in a mouse model of depression and showed that 4-F, 5-MeO-PyrT had antidepressant-like effects that are effectively mediated by 5-HT1A.

"We were able to fine-tune the 5-MeO-DMT/serotonin scaffold to obtain the maximum activity at the 5-HT1A interface and minimal activity at 5-HT2A," explains senior author Daniel Wacker, PhD, Assistant Professor of Pharmacological Sciences and Neuroscience at Icahn Mount Sinai. "Our findings suggest that receptors other than 5-HT2A not only modulate behavioral effects stemming from psychedelics, but may substantially contribute to their therapeutic potential. In fact, we were pleasantly surprised by the strength of that contribution to 5-MeO-DMT, which is currently being tested in several clinical trials for depression. We believe our study will lead to a better understanding of the complex pharmacology of psychedelics that involve many receptor types."

Indeed, researchers are hopeful based on their breakthrough findings that it may soon be possible to design novel psychedelic-derived medications that don't possess the hallucinogenic properties of current drugs. Raising their expectations is the discovery that their lead compound -- the most 5-HT1A-selective analog to 5-MeO-DMT -- showed antidepressant effects without the 5-HT2A-related hallucinations.

Another near-term target for scientists is investigating the impact of 5-MeO-DMT in preclinical models of depression (given the research restrictions around psychedelic drugs, studies involving a 5-MeO-DMT derivative have been limited to animal models). "We've demonstrated that psychedelics have complex physiological effects that span many different receptor types," emphasizes first author Warren, "and are now ready to build on that finding to develop improved therapeutics for a range of mental health disorders."
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Scientists find ancient, endangered lamprey fish in Queensland, 1400 km north of its previous known range | ScienceDaily

As larvae, the Australian brook lamprey lives buried in the bottom of streams for around three years, filter-feeding. Its adult phase is about one year long, in which it doesn't feed at all. Prior to this study -- funded in part by the Australian Government through the National Environmental Science Program's (NESP) Resilient Landscapes Hub -- the species was widely believed to only live in a few streams along a 170 km stretch of coastline near the NSW/Victoria border.

The study began after another exciting discovery: Dr Luke Carpenter-Bundhoo from the Australian Rivers Institute at Griffith University found the species living in streams on K'gari (Fraser Island). To unravel the mystery of Queensland lampreys, Dr Carpenter-Bundhoo teamed up with David Moffatt from DESI, who had found isolated populations of lamprey in other Queensland streams.

Together, they confirmed reports of Australian brook lamprey in Queensland, including as far north as Rockhampton! With this enormous extension of its geographic range, Australian brook lamprey becomes the only lamprey species in the world to live in truly tropical waters.

"It's quite exciting to find an Endangered species so far out of its known range, yet so close to populated areas. We expect these animals naturally occur in Queensland, and have been here for an awfully long time, but have remained hidden due to their cryptic nature," said Mr Moffatt.

The Australian brook lamprey is thought to be extinct where it was first described, in southern NSW. Its existence is thought to be threatened by sedimentation, wildfires, and human developments.

Perhaps the biggest threat to their conservation is that they're very difficult to identify -- this species truly faces a case of mistaken identity. For most of their life, the non-parasitic Australian brook lamprey is indistinguishable from its more common blood-sucking southern relative, the short-headed lamprey (Mordacia mordax), which has a conservation status of 'Least Concern'.




Add to this the fact that, globally, only a few people can tell them apart.

In their new Endangered Species Research article, Dr Carpenter-Bundhoo and Mr Moffatt outline the difficulties of implementing a conservation strategy for this fish and propose some solutions.

The species' conservation is especially important, given projected sea levels rises mean that many of the lowland freshwater coastal streams where Australian brook lamprey live are likely to become saltwater.

With these new findings, scientists will be better equipped to conserve this unusual and Endangered species.

The surveys were partially funded by a NESP project which aims to restore ecosystem health in the Moonaboola (Mary River) catchment area of south-east Queensland and protect threatened species like the Australian lungfish, the Mary River cod and the giant barred frog.
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Acceptance of animals in urban environments | ScienceDaily
How do city residents feel about animals in their immediate surroundings? A recent study by the Technical University of Munich (TUM), the University of Jena and the Vienna University of Technology shows how different the acceptance of various wild animals in urban areas is. Important factors are the places where the animals are found and their level of popularity -- squirrels and ladybugs come out on top here. The results have important implications for urban planning and nature conservation.


						
The relationship between city inhabitants and urban animals is complex, as the study shows. The researchers conducted a survey to find out how Munich residents rate 32 urban animal species and where in the city they would prefer to see them. In general, respondents liked most of the animals. 23 of the 32 animal species received positive approval ratings. The majority of birds and mammals were very popular. The respondents also rated arthropods, lizards and frogs positively. Exceptions were martens, rats, wasps, slugs and urban pigeons. Cockroaches were the least popular. Respondents had a neutral attitude towards ants, spiders and snakes.

Acceptance depends on the animal and its location

According to the survey, all animals have a place in the city -- except for the very few, very unpopular species. In the survey, city residents were able to choose from various locations in different proximity to their homes where the animals should be found. In most cases, participants placed the animals in urban areas such as their neighborhood, city parks, in the city in general and in the surrounding countryside. In contrast, they rarely mentioned their immediate living environment, such as in the garden, on the balcony or in the apartment. Participants placed some animals, such as squirrels and ladybugs, in all or almost all locations. They placed many species in several locations, while three species were often not placed at all: Cockroaches, rats and slugs. "It turns out that city residents' preferences for locations clearly correlate with their attitudes towards animals," explains researcher Dr. Fabio Sweet. The animals that were generally more popular were on average placed closer to home by the respondents.

Planning cities for people and animals

Prof. Wolfgang Weisser, head of the Chair of Terrestrial Ecology, emphasizes: "Increasing urbanization makes it necessary to actively care for animals in the city and to design urban development accordingly. If we know where people prefer or dislike certain animals, we can anticipate potential points of conflict. This allows us to identify places where species conservation in cities is accepted by people." The results show, for example, that human-wildlife conflicts are unlikely in city parks because the animals are accepted by most people there. Animals are also tolerated in the wider residential environment. Conversely, wildlife protection in the immediate proximity of the living space, such as the balcony, could meet with resistance.

Measures to promote urban biodiversity are most successful when they are not only ecologically sensible but also socially acceptable. It is therefore necessary to combine knowledge about the way these animals live and people's acceptance of them. In this way, urban planning can simultaneously promote animal welfare in cities and avoid conflicts between humans and animals.
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Pressure to be 'perfect' causing burnout for parents, mental health concerns for their children | ScienceDaily

Researchers leading a national dialogue about parental burnout from The Ohio State University College of Nursing and the university's Office of the Chief Wellness Officer say "no," and a new study finds that pressure to try to be "perfect" leads to unhealthy impacts on both parents and their children.

The survey of more than 700 parents nationwide from June 15 -- July 28, 2023 is summarized in the new report, "The Power of Positive Parenting: Evidence to Help Parents and Their Children Thrive." The data shows that:
    	Fifty-seven percent (57%) of parents self-reported burnout.
    	Parental burnout is strongly associated with internal and external expectations, including whether one feels they are a good parent, perceived judgment from others, time to play with their children, the relationship with their spouse and keeping a clean house.
    	The more free play time that parents spend with their children and the lighter the load of structured extracurricular activities, the fewer mental health issues in their children (i.e. anxiety, depression, OCD, ADHD, bipolar disorder).
    	Parents' mental health and behaviors strongly impact their children's mental health. If their children have a mental health disorder, parents report a higher level of burnout and a greater likelihood for them to insult, criticize, scream at, curse at and/or physically harm their children (i.e. repeated spanking). Higher levels of self-reported parental burnout and harsh parenting practices are associated with more mental health problems in children.

Kate Gawlik, DNP, one of the lead researchers on the study who pursues this research based on her experience as a working mother of four, said the illusion and expectations of "perfect parenting" can be deflating.

"I think social media has just really tipped the scales," said Gawlik, an associate clinical professor at the Ohio State College of Nursing. "You can look at people on Instagram or you can even just see people walking around, and I always think, 'How do they do that? How do they seem to always have it all together when I don't?'

"We have high expectations for ourselves as parents; we have high expectations for what our kids should be doing. Then on the flipside, you're comparing yourself to other people, other families, and there's a lot of judgment that goes on. And whether it's intended or not, it's still there."

Data from the study shows that force of expectations from what Gawlik calls a "culture of achievement" leads to burnout (a state of physical and emotional exhaustion), which in turn leads to other, potentially debilitating issues.




"When parents are burned out, they have more depression, anxiety and stress, but their children also do behaviorally and emotionally worse," said Bernadette Melnyk, PhD, FAAN, vice president for health promotion and chief wellness officer at Ohio State. "So it's super important to face your true story if you're burning out as a parent and do something about it for better self-care."

Gawlik and Melnyk's new report brings critical updates to their initial study in 2022, which measured working parent burnout during the height of the COVID-19 pandemic. Gawlik and Melnyk created a first-of-its-kind Working Parent Burnout Scale, a 10-point survey that allows parents to measure their burnout in real time and use evidence-based solutions to help.

That scale is included in the new report, along with new guidance on positive parenting strategies, techniques and tips to form deeper connections with one's children.

"Positive parenting is when you give your children a lot of love and warmth, but you also provide structure and guidance in their life," Melnyk explained. "You gently teach them consequences of behaviors. So that is a much better goal to shoot for being a positive parent than a perfect parent."

Among the strategies:
    	Connection and active listening
    	Catching, checking and changing negative thoughts into positive ones
    	Readjusting expectations for the parent and the child
    	Reflecting and acting on priorities

"If maybe you're prioritizing making sure your house is spotless all the time, but then you don't feel like you have time to go for a walk every night with your children, maybe you need to reorganize or find a way to make both of those things work," Gawlik suggested.

Melnyk said these evidence-based approaches can help calm what she calls a "public health epidemic" of parental burnout.

"Parents do a great job caring for their children and everybody else, but they often don't prioritize their own self-care," Melnyk said. "As parents, we can't keep pouring from an empty cup. If children see their parents taking good self-care, the chances are they're going to grow up with that value as well. It has a ripple effect to the children and to the entire family."

"As one parent told me," Gawlik added, "'I would much rather have a happy kid than a perfect kid.'"
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Limited adaptability makes freshwater bacteria vulnerable to climate change | ScienceDaily
Freshwater bacteria with small genomes frequently undergo prolonged periods of adaptive stagnation. Based on genomic analyses of samples from Lake Zurich and other European lakes, researchers at the University of Zurich uncovered specific evolutionary strategies that shape these bacteria's lifestyles. Understanding the evolutionary dynamics of aquatic microbial communities is key to safeguarding ecosystem services.


						
Freshwater resources are limited, accounting for only 3.5% of Earth's water, with just 0.25% accessible on the surface. Nevertheless, freshwater lakes are essential for ecosystem functioning and global carbon cycling due to their high biological productivity and microbial activity. They are critical to human survival, providing drinking water, supporting agriculture, fisheries, and recreation. However, climate change -- particularly rising temperatures -- threatens these habitats by disrupting microbial communities that are essential for nutrient cycling and water quality maintenance.

Challenging established evolutionary paradigms

"Considering the essential roles bacterial species play in freshwater environments and their vital ecological functions, understanding their adaptive capacity to changing environmental conditions is crucial for ecosystem resilience and sustainable resource management," says Adrian-Stefan Andrei. He is head of the Microbial Evogenomics Laboratory at the Department of Plant and Microbial Biology of the University of Zurich (UZH). His research team analyzed time-series samples from five European freshwater lakes, collected between 2015 and 2019: Lake Zurich, Lake Thun and Lake Constance in Switzerland, along with the Rimov Reservoir and Jiricka Pond in the Czech Republic.

"Although niche adaptation is the main evolutionary mechanism driving population diversification and the emergence of new species, our results surprisingly show that many abundant freshwater bacteria with small genomes often experience extended periods of adaptive standstill," says Andrei. This stalling of adaptive processes challenges the conventional expectation that microbial species can adapt to changing environmental conditions. "Given the vital functions these microbial communities play in freshwater systems, our study underscores the importance of understanding the limits of bacterial adaptability," the researcher adds.

Secreted proteins as indicators of evolutionary adaptation

Bacteria adapt to their environments by utilizing specialized proteins, which can be secreted into the surrounding medium or bound to their cell membranes. These proteins play crucial roles in nutrient uptake, interbacterial communication, and the detection of and response to environmental stimuli. The adaptability of bacteria typically relies on the genetic diversity within the genes encoding these proteins. The researchers, however, now show that in abundant freshwater bacteria with reduced genome sizes, there is surprisingly little variation in these genes, indicating a phase of adaptive stagnation. These bacteria may therefore face challenges in adapting to changing environmental conditions.

Limited ability to adapt to changing environments

"Our observations suggest that these bacteria have likely achieved fitness peaks by reaching ideal protein structures and activity levels," says Andrei. Their proteomes have already attained an optimal state through the course of evolution, where further major changes are neither advantageous nor necessary for the organisms to survive and adapt to their current niches. This inherent inflexibility limits the ability of these organisms to explore new genetic variation and effectively adapt to dynamic environmental conditions. "This knowledge is crucial as we navigate the escalating impacts of climate change, which significantly threatens freshwater habitats -- environments especially susceptible to anthropogenic changes," concludes Adrian-Stefan Andrei.
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Gene linked to learning difficulties has direct impact on learning and memory | ScienceDaily
A gene previously linked to intellectual disability has been found to regulate learning and memory in mice.


						
The gene, called KDM5B has previously been linked to some intellectual disability disorders and autism. In the general population, some variants are also associated with reduced brain function, although not sufficient to cause an overt disability or behavioural symptoms.

Now, researchers at King's College London, the University of Exeter and the University of California Irvine have found that reduced function of the gene in the brain results in loss of learning ability and memory and a reduction in the brain's ability to strengthen connections between neurons, which is key in the formation of memories.

The team's new mouse study, published in the Journal of Neuroscience describes how mice bred without a fully functional KDM5B gene have worse learning and memory abilities. In order to rule out the possibility that the effect may have been caused by an impact on brain development, the researchers also reduced the amount of this gene in a separate group of adult mice, in the hippocampus, a brain region responsible for memory. They found that reduced gene function resulted in epileptic seizures in some mice and a deterioration of their learning and memory. Laboratory experiments suggested that the strengthening of connections between neurons during memory formation was reduced.

Professor Albert Basson, whose research group began the work at King's College London and has since moved to the University of Exeter, said: "Memory and the ability to learn are fundamental to our intellectual potential, yet we still have a lot to learn about the underpinning mechanisms. For more than a decade, the KDM5B gene has been linked to autism and some forms of intellectual disability, but a mutation in this gene alone is not always sufficient to cause these conditions, so it hasn't been studied in detail. Our work shows that KDM5B is important for learning and memory and provides new insight into the fundamental mechanisms of memory and learning, which is crucial on the pathway to finding new ways to improve these functions."

KDM5B can modify the structure of the genetic material in our cells which determines whether genes necessary for brain development or function are expressed at the correct amount at the right time.

Dr Leticia Peres-Sisquez who performed the research at King's College London, said: "We set out to investigate whether KDM5B's ability to modify genetic material has a direct impact on learning and memory. We've discovered that the gene has a direct impact on learning and memory -- which is distinct from any effect during brain development. This gene will now be of much greater interest to researchers on the quest for new treatments for conditions including autism, and other intellectual disability disorders."

The research was funded by the Medical Research Council and the National Institutes of Aging, with support from Wellcome.

The study is entitled 'The intellectual disability risk gene Kdm5b regulates long term memory consolidation in the hippocampus', published in the Journal of Neuroscience.
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'Mathematical microscope' reveals novel, energy-efficient mechanism of working memory that works even during sleep | ScienceDaily
UCLA Health researchers have discovered a mechanism that creates memories while reducing metabolic cost, even during sleep. This efficient memory occurs in a part of the brain that is crucial for learning and memory, and where Alzheimer's disease begins.


						
The discovery is published in the journal Nature Communications.

Does this sound familiar: You go to the kitchen to fetch something, but when you get there, you forget what you wanted. This is your working memory failing. Working memory is defined as remembering some information for a short period while you go about doing other things. We use working memory virtually all the time. Alzheimer's and dementia patients have working memory deficits and it also shows up in mild cognitive impairment (MCI). Hence, considerable effort has been devoted to understand the mechanisms by which the vast networks of neurons in the brain create working memory.

During working memory tasks, the outermost layer of the brain, known as the neocortex, sends sensory information to deeper regions of the brain, including a central region called the entorhinal cortex, which is crucial for forming memories. Neurons in the entorhinal cortex show a complex array of responses, which have puzzled scientists for a long time and resulted in the 2014 Nobel Prize in medicine, yet the mechanisms governing this complexity are unknown. The entorhinal cortex is where Alzheimer's disease begins forming.

"It's therefore critical to understand what kind of magic happens in the cortico-entorhinal network, when the neocortex speaks to the entorhinal cortex which turns it into working memory. It could provide an early diagnostic of Alzheimer's disease and related dementia, and mild cognitive impairment," said corresponding author Mayank Mehta, a neurophysicist and head of the W. M. Keck Center for Neurophysics and the Center for Physics of Life at UCLA.

To crack this problem, Mehta and his coauthors devised a novel approach: a "mathematical microscope."

In the world of physics, mathematical models are commonly used, from Kepler to Newton and Einstein, to reveal amazing things we have never seen or even imagined, such as the inner workings of subatomic particles and the inside of a black hole. Mathematical models are used in brain sciences too, but their predictions are not taken as seriously as in physics. The reason is that in physics, predictions of mathematical theories are tested quantitatively, not just qualitatively.




Such quantitatively precise experimental tests of mathematical theories are commonly believed to be unfeasible in biology because the brain is vastly more complex than the physical world. Mathematical theories in physics are very simple, involving very few free parameters and hence precise experimental tests. In contrast, the brain has billions of neurons and trillions of connections, a mathematical nightmare, let alone a highly precise microscope.

"To tackle this seemingly impossible challenge of devising a simple theory that can still explain the experimental of data of memory dynamics in vivo data with high precision, we hypothesized that cortico-entorhinal dialog, and memory magic, will occur even when the subjects are sleeping, or anesthetized," said Dr. Krishna Choudhary, the lead author of the study. "Just like a car behaves like a car when it's idling or going at 70 mph."

UCLA researchers then made another large assumption: the dynamics of the entire cortex and the entorhinal cortex during sleep or anesthesia can be captured by just two neurons. These assumptions reduced the problem of billions of neurons' interactions to just two only free variables -- the strength of input from the neocortex to entorhinal cortex and the strength of recurrent connections within the entorhinal cortex. While this makes the problem mathematically tractable, it raises the obvious question -- is it true?

"If we test our theory quantitatively on data in vivo, then these are just interesting mathematical games, not a solid understanding of memory-making magic," said Mehta.

The crucial experimental tests of this theory required sophisticated experiments by Dr. Thomas Hahn, a coauthor who is now professor at Basel University and a clinical psychologist.

"The entorhinal cortex is a complicated circuit. To really test the theory we needed experimental techniques that can not only measure the neural activity with high precision, but also determine the precise anatomical identity of the neuron," said Hahn.




Hahn and Dr. Sven Berberich, also a coauthor, measured the membrane potential of identified neurons from the entorhinal cortex in vivo, using whole cell patch clamp technique and then used anatomical techniques to identify the neuron. Simultaneously they measured the activity of the parietal cortex, a part of neocortex that sends inputs to the entorhinal cortex.

"A mathematical theory and sophisticated in vivo data are necessary and cool, but we had to tackle one more challenge -- how does one map this simple theory onto complex neural data?" said Mehta.

"This required a protracted period of development, to generate a 'mathematical microscope' that can directly reveal the inner workings of neurons as they make memory," said Choudhary. "As far as we know, this has not been done before."

The authors observed that like an ocean wave forming and then crashing on to a shoreline, the signals from the neocortex oscillate between on and off states in intervals while a person or animal sleeps. Meanwhile, the entorhinal cortex acted like a swimmer in the water who can move up when the wave forms and then down when it recedes. The data showed this and the model captured this as well. But using this simple match the model then took a life of its own and discovered a new type of memory state known as spontaneous persistent inactivity, said Mehta.

"It's as if a wave comes in and the entorhinal cortex said, 'There is no wave! I'm going to remember that recently there was no wave so I am going to ignore this current wave and not respond at all'. This is persistent inactivity" Mehta said. "Alternately, persistent activity occurs when the cortical wave disappears but the entorhinal neurons remember that there was a wave very recently, and continue rolling forward."

While many theories of working memory had shown the presence of persistent activity, which the authors found, the persistent inactivity was something that the model predicted and had never been seen before.

"The cool part about persistent inactivity is that it takes virtually no energy, unlike persistent activity, which takes a lot of energy," said Mehta, "even better, the combination of persistent activity and inactivity more than doubles the memory capacity while cutting down the metabolic energy cost by half."

"All this sounded too good to be true, so we really pushed our mathematical microscope to the limit, into a regime where it was not designed to work," said Dr. Choudhary. "If the microscope was right, it would continue working perfectly even in unusual situations."

"The math-microscope made a dozen predictions, not just about entorhinal but many other brain regions too. To our complete surprise, the mathematical microscope worked every time," Mehta continued. "Such near perfect match between the predictions of a mathematical theory and experiments is unprecedented in neuroscience.

"This mathematical model that is perfectly matched with experiments is a new microscope," Mehta continued. "It reveals something that no existing microscope could see without it. No matter how many neurons you have imaged, it would not have revealed any of this.

"In fact, metabolic shortcomings are a common feature of many memory disorders," said Mehta. Mehta's laboratory is now following up on this work to understand how complex working memory is formed, and what goes wrong in the entorhinal cortex during Alzheimer's disease, dementia and other memory disorders."
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Natural compounds that selectively kill parasites | ScienceDaily
An international team led by researchers at the University of Toronto has found a family of natural compounds with potential as new and more effective treatments for parasitic worms. The compounds stall the unique metabolic process that worms use to survive in the human gut.


						
Parasitic worms transmitted through soil wreak havoc in developing countries in the tropics. Infection by these parasites leads to malaise, weakness, malnutrition and other debilitating symptoms, and can cause developmental defects in children and impair their growth.

"Soil-transmitted parasitic worms infect over one billion people around the world, typically in low-income communities of developing countries without comprehensive health care and infrastructure for sanitation," said Taylor Davie, first author on the study and PhD student at U of T's Donnelly Centre for Cellular and Biomolecular Research. "Parasites are becoming less susceptible to the few anthelmintic drugs available, so there's an urgent need to find new compounds."

The study was published today in the journal Nature Communications.

Many parasitic worm species live out a large portion of their life cycle inside a human host. To adapt to the environmental conditions of the gut, particularly a lack of oxygen, the parasite switches to a type of metabolism that depends on a molecule called rhodoquinone (RQ).

The parasite can survive inside its human host for many months using RQ-dependent metabolism.

The research team chose to target the adaptive metabolic process of the parasitic worm because RQ is only present in the parasite's system -- humans do not produce or use RQ. Therefore, compounds that can regulate the molecule's production or activity would selectively kill the parasite, with no harm done to the human host.




The researchers conducted a screen of natural compounds isolated from plants, fungi and bacteria on the model organism C. elegans. While it is not a parasite, this worm also depends on RQ for metabolism when oxygen is not available.

"This is the first time that we have been able to screen for drugs that specifically target the unusual metabolism of these parasites," said Andrew Fraser, principal investigator on the study and professor of molecular genetics at the Donnelly Centre and the Temerty Faculty of Medicine.

"The screen was only possible because of recent progress made by our group and others in using C. elegans to study RQ-dependent metabolism, and our collaboration with RIKEN, one of Japan's biggest research agencies. We screened their world-class collection of 25,000 natural compounds, resulting in our discovery of a family of benzimidazole compounds that kills worms relying on this type of metabolism."

The researchers suggest a multi-dose regimen using the newly discovered family of compounds to treat parasitic worms. While a single-dose treatment is easier to facilitate in mass drug administration programs, a longer treatment program would eliminate the parasite more effectively.

"We are very pleased with the results of the study, which made use of our library," said Hiroyuki Osada, professor of pharmacy at the University of Shizuoka and group director of the Chemical Biology Research Group at the RIKEN Center for Sustainable Resource Science.

"The study shows the power of the screening approach, allowing researchers in this case to search through a very large number of molecules within a focused collection of natural products. Screens are very efficient, which is key for addressing urgent research questions of global relevance like this one."

Next steps for the research team are to refine the new class of inhibitors through additional in vivo testing with parasitic worms, which will be performed by the Keiser lab at the University of Basel in Switzerland, and to continue screening for compounds that inhibit RQ.

"This study is just the beginning," said Fraser. "We have found several other very powerful compounds that affect this metabolism, including, for the first time, a compound that blocks the ability of the worms to make RQ. We hope our screens will deliver drugs to treat major pathogens around the world."

This research was supported by the Canadian Institutes of Health Research and the European Molecular Biology Organization.
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THC lingers in breastmilk with no clear peak point | ScienceDaily
When breastfeeding mothers in a recent study used cannabis, its psychoactive component THC showed up in the milk they produced. The Washington State University-led research also found that, unlike alcohol, when THC was detected in milk there was no consistent time when its concentration peaked and started to decline.


						
Importantly, the researchers discovered that the amount of THC they detected in milk was low -- they estimated that infants received an average of 0.07 mg of THC per day. For comparison, a common low-dose edible contains 2 mg of THC. The research team stressed that it is unknown whether this amount has any impact on the infant.

"Breastfeeding parents need to be aware that if they use cannabis, their infants are likely consuming cannabinoids via the milk they produce, and we do not know whether this has any effect on the developing infant," said Courtney Meehan, a WSU biological anthropologist who led the project and is the study's corresponding author.

Since other research has shown that cannabis is one of the most widely used drugs during breastfeeding, the researchers aimed to uncover how long cannabinoids, like THC, persisted in breastmilk.

For this study, published in the journal Breastfeeding Medicine, the researchers analyzed milk donated by 20 breastfeeding mothers who used cannabis. The participants, who all had infants younger than six months, provided detailed reports on their cannabis use. They collected milk after abstaining from using cannabis for at least 12 hours and then at regular intervals after use. All of this was done in their own homes, at a time of their choosing and with cannabis they purchased themselves.

The researchers then analyzed the milk for cannabinoids. They found that the milk produced by these women always had detectable amounts of THC, even when the mothers had abstained for 12 hours.

"Human milk has compounds called lipids, and cannabinoids are lipophilic, meaning they dissolve in those lipids. This may mean that cannabinoids like THC tend to accumulate in milk -- and potentially in infants who drink it," said Meehan.




The research also revealed that people had different peak THC concentrations in their milk. For participants who used cannabis only one time during the study, cannabinoids peaked approximately 30 minutes to 2.5 hours after use and then started to decline. For participants who used multiple times during the study, the majority showed a continual increase in concentrations across the day.

"There was such a range. If you're trying to avoid breastfeeding when the concentration of THC peaks, you're not going to know when THC is at its peak in the milk," said lead author Elizabeth Holdsworth, who worked on this study while a WSU post-doctoral researcher and is now on the faculty of The Ohio State University.

A related qualitative study by the research team revealed that many breastfeeding moms are using cannabis for therapeutic purposes -- to manage anxiety, other mental health issues or chronic pain. The mothers often chose cannabis over using other medications because they felt it was safer.

"Our results suggest that mothers who use cannabis are being thoughtful in their decisions," said co-author Shelley McGuire, a University of Idaho professor who studies maternal-infant nutrition. "These women were mindful about their choices. This is far from a random lifestyle choice."

While in most cases, the women were using cannabis as alternative treatment for a variety of conditions, McGuire pointed out that there is no evidence yet whether it is safer or more harmful. In fact, scientists know almost nothing about how many commonly used drugs may impact breastfeeding babies, partly because women, especially those who are breastfeeding, have historically been left out of clinical trials on medicines.

"This is an area that needs substantial, rigorous research for moms to know what's best," McGuire said.

Some research has been done regarding alcohol with guidelines for new mothers to wait at least two hours after consuming alcohol before breastfeeding. Nothing similar has been developed for cannabis, which has been growing in popularity.

The collaborative research team is currently working to address some of that knowledge gap with further research on cannabis use in breastfeeding moms, holistic composition of the milk they produce and its effects on infant development.

This study received support from state of Washington Initiative Measures 171 and 502 as well as the WSU Health Equity Research Center.
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        Generative AI that imitates human motion
        Walking and running is notoriously difficult to recreate in robots. Now, a group of researchers has overcome some of these challenges by creating an innovative method that employs central pattern generators -- neural circuits located in the spinal cord that generate rhythmic patterns of muscle activity -- with deep reinforcement learning. The method not only imitates walking and running motions but also generates movements for frequencies where motion data is absent, enables smooth transition mov...

      

      
        Astrophysicists discover a novel method for hunting the first stars
        A recent study has discovered a novel method for detecting the first-generations stars, known as Population III (Pop III) stars, which have never been directly detected. These potential discoveries about Pop III stars hold the promise of unlocking the secrets of the universe's origin and providing a deeper understanding of the remarkable journey from the primordial cosmos to the world we inhabit today.

      

      
        Chemists produce new-to-nature enzyme containing boron
        Chemists created an enzyme with boronic acid at its reactive center. This approach can produce more selective reactions with boron, and allows the use of directed evolution to improve its catalytic power.

      

      
        'Wraparound' implants represent new approach to treating spinal cord injuries
        A tiny, flexible electronic device that wraps around the spinal cord could represent a new approach to the treatment of spinal injuries, which can cause profound disability and paralysis. A team of engineers, neuroscientists and surgeons developed the devices and used them to record the nerve signals going back and forth between the brain and the spinal cord. Unlike current approaches, the new devices can record 360-degree information, giving a complete picture of spinal cord activity.

      

      
        Heavy snowfall and rain may contribute to some earthquakes
        Episodes of heavy snowfall and rain likely contributed to a swarm of earthquakes over the past several years in northern Japan, researchers find. Their study shows climate conditions could initiate some earthquakes.

      

      
        Possible atmosphere surrounding rocky exoplanet
        Researchers may have detected atmospheric gases surrounding 55 Cancri e, a hot rocky exoplanet 41 light-years from Earth. This is the best evidence to date for the existence of any rocky planet atmosphere outside our solar system.

      

      
        Rock steady: Study reveals new mechanism to explain how continents stabilized
        Ancient, expansive tracts of continental crust called cratons have helped keep Earth's continents stable for billions of years, even as landmasses shift, mountains rise and oceans form. A new mechanism may explain how the cratons formed some 3 billion years ago, an enduring question in the study of Earth's history.

      

      
        Children sleep problems associated with psychosis in young adults
        Children who experience chronic lack of sleep from infancy may be at increased risk of developing psychosis in early adulthood, new research shows.

      

      
        New target for potential leukemia therapy
        Investigators discovered that a subset of myeloid and lymphoid leukemias depend on a molecular complex called PI3Kgamma for survival. The study provides both mechanistic and preclinical evidence supporting the rapid initiation of clinical trials for patients with acute myeloid leukemia (AML) to test an existing medicine that inhibits the complex, called eganelisib, both alone and in combination with the most used AML chemotherapy, cytarabine.

      

      
        Pressure to be 'perfect' causing burnout for parents, mental health concerns for their children
        Is the status of 'perfect parent' attainable? Researchers leading a national dialogue about parental burnout say 'no,' and a new study finds that pressure to try to be 'perfect' leads to unhealthy impacts on both parents and their children.

      

      
        'Mathematical microscope' reveals novel, energy-efficient mechanism of working memory that works even during sleep
        Researchers have discovered a mechanism that creates memories while reducing metabolic cost, even during sleep. This efficient memory occurs in a part of the brain that is crucial for learning and memory, and where Alzheimer's disease begins.

      

      
        Swarms of miniature robots clean up microplastics and microbes, simultaneously
        When old food packaging, discarded children's toys and other mismanaged plastic waste break down into microplastics, they become even harder to clean up from oceans and waterways. These tiny bits of plastic also attract bacteria, including those that cause disease. Researchers describe swarms of microscale robots (microrobots) that captured bits of plastic and bacteria from water. Afterward, the bots were decontaminated and reused.

      

      
        This sound-suppressing silk can create quiet spaces
        Researchers developed a silk fabric, which is barely thicker than a human hair, that can suppress unwanted noise and reduce noise transmission in a large room.

      

      
        'Better than graphene' material development may improve implantable technology
        Move over, graphene. There's a new, improved two-dimensional material in the lab. Borophene, the atomically thin version of boron first synthesized in 2015, is more conductive, thinner, lighter, stronger and more flexible than graphene, the 2D version of carbon. Now, researchers have made the material potentially more useful by imparting chirality -- or handedness -- on it, which could make for advanced sensors and implantable medical devices.

      

      
        Low-energy process for high-performance solar cells
        Finding reliable, eco-friendly power sources is crucial as our world grapples with increasing energy needs and the urgent call to combat climate change. Solar energy offers one solution, with scientists devising ever more efficient materials for capturing sunlight.

      

      
        Genetics, not lack of oxygen, causes cerebral palsy in quarter of cases
        The world's largest study of cerebral palsy (CP) genetics has discovered genetic defects are most likely responsible for more than a quarter of cases in Chinese children, rather than a lack of oxygen at birth as previously thought.

      

      
        New super-pure silicon chip opens path to powerful quantum computers
        Researchers have invented a breakthrough technique for manufacturing highly purified silicon that brings powerful quantum computers a big step closer.

      

      
        Caterbot? Robatapillar? It crawls with ease through loops and bends
        Engineers created a catapillar-shaped robot that splits into segments and reassembles, hauls cargo, and crawls through twisting courses.

      

      
        Venus has almost no water: A new study may reveal why
        Billions of years ago, Venus may have harbored as much water as Earth. Today, almost all of it has disappeared. A new study may help to explain why.

      

      
        Participants of pioneering CRISPR gene editing trial see vision improve
        About 79% of clinical trial participants experienced measurable improvement after receiving experimental, CRISPR-based gene editing that is designed to fix a rare form of blindness, according to a new article.

      

      
        Astronomers observe elusive stellar light surrounding ancient quasars
        Astronomers observed the elusive starlight surrounding some of the earliest quasars in the universe. The findings may shed light on how the earliest supermassive black holes became so massive despite having a relatively short amount of cosmic time in which to grow.

      

      
        New discoveries about Jupiter's magnetosphere
        New discoveries about Jupiter could lead to a better understanding of Earth's own space environment and influence a long-running scientific debate about the solar system's largest planet.

      

      
        Did a magnetic field collapse trigger the emergence of animals?
        Researchers uncovered compelling evidence that Earth's magnetic field was in a highly unusual state when the macroscopic animals of the Ediacaran Period -- 635 to 541 million years ago -- diversified and thrived. Their study raises the question of whether these fluctuations in Earth's ancient magnetic field led to shifts in oxygen levels that may have been crucial to the proliferation of life forms millions of years ago.

      

      
        Ice shelves fracture under weight of meltwater lakes
        Heavy pooling meltwater can fracture ice, potentially leading to ice shelf collapse.

      

      
        Stretchable e-skin could give robots human-level touch sensitivity
        A stretchy electronic skin could equip robots and other devices with the same softness and touch sensitivity as human skin, opening up new possibilities to perform tasks that require a great deal of precision and control of force.

      

      
        'Gap' in carbon removal: Countries' plans to remove CO2 not enough
        New research suggests that countries' current plans to remove CO2 from the atmosphere will not be enough to comply with the 1.5 C warming limit set out under the Paris Agreement.

      

      
        Scientists track 'doubling' in origin of cancer cells
        Working with human breast and lung cells, scientists say they have charted a molecular pathway that can lure cells down a hazardous path of duplicating their genome too many times, a hallmark of cancer cells.

      

      
        Sugar-based catalyst upcycles carbon dioxide
        New catalyst is made from an inexpensive, abundant metal and table sugar. Catalyst converts carbon dioxide (CO2) into carbon monoxide, a building block for producing a variety of useful chemicals including syngas. With recent advances in carbon capture technologies, post-combustion carbon capture is becoming a plausible option to help tackle the global climate change crisis. But how to handle the captured carbon remains an open-ended question. The new catalyst potentially could provide one soluti...
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Generative AI that imitates human motion | ScienceDaily
Walking and running is notoriously difficult to recreate in robots. Now, a group of researchers has overcome some of these challenges by creating an innovative method that employs central pattern generators -- neural circuits located in the spinal cord that generate rhythmic patterns of muscle activity -- with deep reinforcement learning. An international group of researchers has created a new approach to imitating human motion through combining central pattern generators (CPGs) and deep reinforcement learning (DRL). The method not only imitates walking and running motions but also generates movements for frequencies where motion data is absent, enables smooth transition movements from walking to running, and allows for adapting to environments with unstable surfaces.


						
Details of their breakthrough were published in the journal IEEE Robotics and Automation Letters on April 15, 2024.

We might not think about it much, but walking and running involves inherent biological redundancies that enable us to adjust to the environment or alter our walking/running speed. Given the intricacy and complexity of this, reproducing these human-like movements in robots is notoriously challenging.

Current models often struggle to accommodate unknown or challenging environments, which makes them less efficient and effective. This is because AI is suited for generating one or a small number of correct solutions. With living organisms and their motion, there isn't just one correct pattern to follow. There's a whole range of possible movements, and it is not always clear which one is the best or most efficient.

DRL is one way researchers have sought to overcome this. DRL extends traditional reinforcement learning by leveraging deep neural networks to handle more complex tasks and learn directly from raw sensory inputs, enabling more flexible and powerful learning capabilities. Its disadvantage is the huge computational cost of exploring vast input space, especially when the system has a high degree of freedom.

Another approach is imitation learning, in which a robot learns by imitating motion measurement data from a human performing the same motion task. Although imitation learning is good at learning on stable environments, it struggles when faced with new situations or environments it hasn't encountered during training. Its ability to modify and navigate effectively becomes constrained by the narrow scope of its learned behaviors.

"We overcame many of the limitations of these two approaches by combining them," explains Mitsuhiro Hayashibe, a professor at Tohoku University's Graduate School of Engineering. "Imitation learning was used to train a CPG-like controller, and, instead of applying deep learning to the CPGs itself, we applied it to a form of a reflex neural network that supported the CPGs."

CPGs are neural circuits located in the spinal cord that, like a biological conductor, generate rhythmic patterns of muscle activity. In animals, a reflex circuit works in tandem with CPGs to provide adequate feedback that allows them to adjust their speed and walking/running movements to suit the terrain.




By adopting the structure of CPG and its reflexive counterpart, the adaptive imitated CPG (AI-CPG) method achieves remarkable adaptability and stability in motion generation while imitating human motion.

"This breakthrough sets a new benchmark in generating human-like movement in robotics, with unprecedented environmental adaptation capability," adds Hayashibe "Our method represents a significant step forward in the development of generative AI technologies for robot control, with potential applications across various industries."

The research group comprised members from Tohoku University's Graduate School of Engineering and the Ecole Polytechnique Federale de Lausanne, or the Swiss Federal Institute of Technology in Lausanne.
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Astrophysicists discover a novel method for hunting the first stars | ScienceDaily
A recent study led by the research group of Professor Jane Lixin DAI of the Department of Physics at The University of Hong Kong (HKU) has discovered a novel method for detecting the first-generations stars, known as Population III (Pop III) stars, which have never been directly detected. The research has been widely acknowledged by the international astronomy community with a highlight from the Space Telescope Science Institute, which operates several NASA telescopes. These potential discoveries about Pop III stars hold the promise of unlocking the secrets of the universe's origin and providing a deeper understanding of the remarkable journey from the primordial cosmos to the world we inhabit today. Their findings have recently been published in The Astrophysical Journal Letters.


						
Shortly after the Universe began with the Big Bang, the first stars, composed mainly of hydrogen and helium, began to form. The properties of these first-generation stars, Pop III, are very different from stars like our own Sun or even the ones that are forming today. They were tremendously hot, gigantic in size and mass, but very short-lived. Pop III stars are the first factories to synthesise most elements heavier than hydrogen and helium around us today. They are also very important for forming later generations of stars and galaxies. However, there have not been convincing direct detections of Pop III stars up to now, as these stars formed in the early universe are very far away and way too faint for any of our telescopes on the ground or in space.

For the first time, HKU scientists discovered a novel method for detecting these first stars in the early Universe. A recent study led by the research group of Professor Jane Lixin DAI of the Department of Physics at HKU proposed that a Pop III star can be torn apart into pieces by tidal force if it wanders into the vicinity of a massive black hole. In such a tidal disruption event (TDE), the black hole feasts on the stellar debris and produces very luminous flares. The researchers investigated the complex physical process involved and demonstrated that these flares can shine across billions of light years to reach us today. Most importantly, they have found that the unique signatures of these TDE flares can be used to identify the existence of Pop III stars and gain insights into their properties.

"As the energetic photons travel from a very faraway distance, the timescale of the flare will be stretched due to the expansion of the Universe. These TDE flares will rise and decay over a very long period of time, which sets them apart from the TDEs of solar-type stars in the nearby Universe," said Professor Jane Dai, principal investigator and the corresponding author of the project. "Interestingly, not only are the timescales of the flares are stretched, so is their wavelength. The optical and ultraviolet light emitted by the TDE will be transferred to infrared emissions when reaching the Earth." Dr Rudrani KAR CHOWDHURY, Postdoctoral Fellow of the Department of Physics at HKU and the first author of the paper, further added.

What makes the discovery more exciting is that two NASA flagship missions, the recently launched James Webb Space Telescope (JWST) and the upcoming Nancy Grace Roman Space Telescope (Roman), have the capability to observe such infrared emissions from great distances. Professor Priya NATARAJAN of the Department of Astronomy and Physics at Yale University and a co-author of the paper mentioned, "Roman's unique capabilities of simultaneously being able to observe a large area of the sky and peeking deep into early Universe makes it a promising probe for detecting these Pop III TDE flares, which would in turn serve as an indirect discovery of Pop III stars." Ms Janet CHANG, a PhD student at the Department of Physics at HKU and co-author of the paper, added, "We expect that a few dozens of these events will be detected by Roman every year if the right observation strategy is pursued." With these findings in mind, the next decade presents significant potential for identifying these distinct sources, leading to exciting revelations about Pop III stars and unraveling the mysteries of the universe's inception.
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Chemists produce new-to-nature enzyme containing boron | ScienceDaily
Boronic acid has been used in organic chemistry for decades, even though it is not present in any organism. 'It gives rise to different chemical reactions than those we find in nature,' explains Gerard Roelfes, Professor of Biomolecular Chemistry & Catalysis at the University of Groningen. His group created an enzyme with boronic acid at its reactive centre and then used directed evolution to make it more selective and to improve its catalytic power. Furthermore, enzymatic reactions are more sustainable than classical chemical reactions, as they take place at low temperatures and without toxic solvents. The study was presented online in the journal Nature on 8 May.


						
The application of boron in organic chemistry dates back some seventy years and was awarded a Nobel Prize for Chemistry in 1979. In recent years, the interest in boron as a catalyst has grown, but as yet, its use in the chemical industry is limited. Roelfes: 'So far, boron catalysis is too slow and it is not very suitable for enantioselective reactions.' These types of reactions are used to create chiral molecules, which can exist in two versions that are mirror images of each other, like a left and a right hand. In many drugs, both 'hands' can have a different effect. It is, therefore, important to selectively produce the proper 'hand', especially for the pharmaceutical industry.

Expanded genetic code

'To make this possible, we set out to introduce boron into an enzyme. Our group has a long history of designing enzymes that don't exist in nature.' The Roelfes group used an expanded genetic code to introduce a non-natural amino acid that contains a reactive boronic acid group into an enzyme. 'Using this technique, we can determine at the DNA level where we place the amino acid in a protein.'

Once they made an enzyme with boronic acid at its reactive centre, they could use directed evolution to increase its efficiency, resulting in faster catalysis. 'Furthermore, by placing the boronic acid in the chiral context of an enzyme, we were able to achieve highly enantioselective catalysis.' The reaction that is described in the journal Nature is a 'proof of principle' and shows the way to harnessing the catalytic power of boron in enzymes.

Biocatalysis

Using enzymes to create organic compounds is important for the pharmaceutical industry. 'In their push towards greener and more sustainable ways of producing drugs, they are looking at biocatalysis to replace conventional chemical reactions.' At the University of Groningen, concerted efforts are being made towards this goal. 'We have a number of research groups at the Faculty of Science and Engineering engaged in this kind of work, using different approaches to create biocatalytic solutions for the chemical industry.' In this context, Roelfes and his team will continue to develop their boronic acid enzymes and create other such new-to-nature enzymes.
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'Wraparound' implants represent new approach to treating spinal cord injuries | ScienceDaily
A tiny, flexible electronic device that wraps around the spinal cord could represent a new approach to the treatment of spinal injuries, which can cause profound disability and paralysis.


						
A team of engineers, neuroscientists and surgeons from the University of Cambridge developed the devices and used them to record the nerve signals going back and forth between the brain and the spinal cord. Unlike current approaches, the Cambridge devices can record 360-degree information, giving a complete picture of spinal cord activity.

Tests in live animal and human cadaver models showed the devices could also stimulate limb movement and bypass complete spinal cord injuries where communication between the brain and spinal cord had been completely interrupted.

Most current approaches to treating spinal injuries involve both piercing the spinal cord with electrodes and placing implants in the brain, which are both high-risk surgeries. The Cambridge-developed devices could lead to treatments for spinal injuries without the need for brain surgery, which would be far safer for patients.

While such treatments are still at least several years away, the researchers say the devices could be useful in the near-term for monitoring spinal cord activity during surgery. Better understanding of the spinal cord, which is difficult to study, could lead to improved treatments for a range of conditions, including chronic pain, inflammation and hypertension. The results are reported in the journal Science Advances.

"The spinal cord is like a highway, carrying information in the form of nerve impulses to and from the brain," said Professor George Malliaras from the Department of Engineering, who co-led the research. "Damage to the spinal cord causes that traffic to be interrupted, resulting in profound disability, including irreversible loss of sensory and motor functions."

The ability to monitor signals going to and from the spinal cord could dramatically aid in the development of treatments for spinal injuries, and could also be useful in the nearer term for better monitoring of the spinal cord during surgery.




"Most technologies for monitoring or stimulating the spinal cord only interact with motor neurons along the back, or dorsal, part of the spinal cord," said Dr Damiano Barone from the Department of Clinical Neurosciences, who co-led the research. "These approaches can only reach between 20 and 30 percent of the spine, so you're getting an incomplete picture."

By taking their inspiration from microelectronics, the researchers developed a way to gain information from the whole spine, by wrapping very thin, high-resolution implants around the spinal cord's circumference. This is the first time that safe 360-degree recording of the spinal cord has been possible -- earlier approaches for 360-degree monitoring use electrodes that pierce the spine, which can cause spinal injury.

The Cambridge-developed biocompatible devices -- just a few millionths of a metre thick -- are made using advanced photolithography and thin film deposition techniques, and require minimal power to function.

The devices intercept the signals travelling on the axons, or nerve fibres, of the spinal cord, allowing the signals to be recorded. The thinness of the devices means they can record the signals without causing any damage to the nerves, since they do not penetrate the spinal cord itself.

"It was a difficult process, because we haven't made spinal implants in this way before, and it wasn't clear that we could safely and successfully place them around the spine," said Malliaras. "But because of recent advances in both engineering and neurosurgery, the planets have aligned and we've made major progress in this important area."

The devices were implanted using an adaptation to routine surgical procedure so they could be slid under the spinal cord without damaging it. In tests using rat models, the researchers successfully used the devices to stimulate limb movement. The devices showed very low latency -- that is, their reaction time was close to human reflexive movement. Further tests in human cadaver models showed that the devices can be successfully placed in humans.




The researchers say their approach could change how spinal injuries are treated in future. Current attempts to treat spinal injuries involve both brain and spinal implants, but the Cambridge researchers say the brain implants may not be necessary.

"If someone has a spinal injury, their brain is fine, but it's the connection that's been interrupted," said Barone. "As a surgeon, you want to go where the problem is, so adding brain surgery on top of spinal surgery just increases the risk to the patient. We can collect all the information we need from the spinal cord in a far less invasive way, so this would be a much safer approach for treating spinal injuries."

While a treatment for spinal injuries is still years away, in the nearer term, the devices could be useful for researchers and surgeons to learn more about this vital, but understudied, part of human anatomy in a non-invasive way. The Cambridge researchers are currently planning to use the devices to monitor nerve activity in the spinal cord during surgery.

"It's been almost impossible to study the whole of the spinal cord directly in a human, because it's so delicate and complex," said Barone. "Monitoring during surgery will help us to understand the spinal cord better without damaging it, which in turn will help us develop better therapies for conditions like chronic pain, hypertension or inflammation. This approach shows enormous potential for helping patients."

The research was supported in part by the Royal College of Surgeons, the Academy of Medical Sciences, Health Education England, the National Institute for Health Research, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI).
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Heavy snowfall and rain may contribute to some earthquakes | ScienceDaily
When scientists look for an earthquake's cause, their search often starts underground. As centuries of seismic studies have made clear, it's the collision of tectonic plates and the movement of subsurface faults and fissures that primarily trigger a temblor.


						
But MIT scientists have now found that certain weather events may also play a role in setting off some quakes.

In a study appearing today in Science Advances, the researchers report that episodes of heavy snowfall and rain likely contributed to a swarm of earthquakes over the past several years in northern Japan. The study is the first to show that climate conditions could initiate some quakes.

"We see that snowfall and other environmental loading at the surface impacts the stress state underground, and the timing of intense precipitation events is well-correlated with the start of this earthquake swarm," says study author William Frank, an assistant professor in MIT's Department of Earth, Atmospheric and Planetary Sciences (EAPS). "So, climate obviously has an impact on the response of the solid earth, and part of that response is earthquakes."

The new study focuses on a series of ongoing earthquakes in Japan's Noto Peninsula. The team discovered that seismic activity in the region is surprisingly synchronized with certain changes in underground pressure, and that those changes are influenced by seasonal patterns of snowfall and precipitation. The scientists suspect that this new connection between quakes and climate may not be unique to Japan and could play a role in shaking up other parts of the world.

Looking to the future, they predict that the climate's influence on earthquakes could be more pronounced with global warming.

"If we're going into a climate that's changing, with more extreme precipitation events, and we expect a redistribution of water in the atmosphere, oceans, and continents, that will change how the Earth's crust is loaded," Frank adds. "That will have an impact for sure, and it's a link we could further explore."

The study's lead author is former MIT research associate Qing-Yu Wang (now at Grenoble Alpes University), and also includes EAPS postdoc Xin Cui, Yang Lu of the University of Vienna, Takashi Hirose of Tohoku University, and Kazushige Obara of the University of Tokyo.




Seismic speed

Since late 2020, hundreds of small earthquakes have shaken up Japan's Noto Peninsula -- a finger of land that curves north from the country's main island into the Sea of Japan. Unlike a typical earthquake sequence, which begins as a main shock that gives way to a series of aftershocks before dying out, Noto's seismic activity is an "earthquake swarm" -- a pattern of multiple, ongoing quakes with no obvious main shock, or seismic trigger.

The MIT team, along with their colleagues in Japan, aimed to spot any patterns in the swarm that would explain the persistent quakes. They started by looking through the Japanese Meteorological Agency's catalog of earthquakes that provides data on seismic activity throughout the country over time. They focused on quakes in the Noto Peninsula over the last 11 years, during which the region has experienced episodic earthquake activity, including the most recent swarm.

With seismic data from the catalog, the team counted the number of seismic events that occurred in the region over time, and found that the timing of quakes prior to 2020 appeared sporadic and unrelated, compared to late 2020, when earthquakes grew more intense and clustered in time, signaling the start of the swarm, with quakes that are correlated in some way.

The scientists then looked to a second dataset of seismic measurements taken by monitoring stations over the same 11-year period. Each station continuously records any displacement, or local shaking that occurs. The shaking from one station to another can give scientists an idea of how fast a seismic wave travels between stations. This "seismic velocity" is related to the structure of the Earth through which the seismic wave is traveling. Wang used the station measurements to calculate the seismic velocity between every station in and around Noto over the last 11 years.

The researchers generated an evolving picture of seismic velocity beneath the Noto Peninsula and observed a surprising pattern: In 2020, around when the earthquake swarm is thought to have begun, changes in seismic velocity appeared to be synchronized with the seasons.




"We then had to explain why we were observing this seasonal variation," Frank says.

Snow pressure

The team wondered whether environmental changes from season to season could influence the underlying structure of the Earth in a way that would set off an earthquake swarm. Specifically, they looked at how seasonal precipitation would affect the underground "pore fluid pressure" -- the amount of pressure that fluids in the Earth's cracks and fissures exert within the bedrock.

"When it rains or snows, that adds weight, which increases pore pressure, which allows seismic waves to travel through slower," Frank explains. "When all that weight is removed, through evaporation or runoff, all of a sudden, that pore pressure decreases and seismic waves are faster."

Wang and Cui developed a hydromechanical model of the Noto Peninsula to simulate the underlying pore pressure over the last 11 years in response to seasonal changes in precipitation. They fed into the model meteorological data from this same period, including measurements of daily snow, rainfall, and sea-level changes. From their model, they were able to track changes in excess pore pressure beneath the Noto Peninsula, before and during the earthquake swarm. They then compared this timeline of evolving pore pressure with their evolving picture of seismic velocity.

"We had seismic velocity observations, and we had the model of excess pore pressure, and when we overlapped them, we saw they just fit extremely well," Frank says.

In particular, they found that when they included snowfall data, and especially, extreme snowfall events, the fit between the model and observations was stronger than if they only considered rainfall and other events. In other words, the ongoing earthquake swarm that Noto residents have been experiencing can be explained in part by seasonal precipitation, and particularly, heavy snowfall events.

"We can see that the timing of these earthquakes lines up extremely well with multiple times where we see intense snowfall," Frank says. "It's well-correlated with earthquake activity. And we think there's a physical link between the two."

The researchers suspect that heavy snowfall and similar extreme precipitation could play a role in earthquakes elsewhere, though they emphasize that the primary trigger will always originate underground.

"When we first want to understand how earthquakes work, we look to plate tectonics, because that is and will always be the number one reason why an earthquake happens," Frank says. "But, what are the other things that could affect when and how an earthquake happens? That's when you start to go to second-order controlling factors, and the climate is obviously one of those."

This research was supported, in part, by the National Science Foundation.
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Possible atmosphere surrounding rocky exoplanet | ScienceDaily
Researchers using NASA's James Webb Space Telescope may have detected atmospheric gases surrounding 55 Cancri e, a hot rocky exoplanet 41 light-years from Earth. This is the best evidence to date for the existence of any rocky planet atmosphere outside our solar system.


						
Renyu Hu from NASA's Jet Propulsion Laboratory (JPL) in Pasadena, California, is lead author on a paper published today in Nature. "Webb is pushing the frontiers of exoplanet characterization to rocky planets," Hu said. "It is truly enabling a new type of science."

Super-Hot Super-Earth 55 Cancri e

55 Cancri e (image below, details/download), also known as Janssen, is one of five known planets orbiting the Sun-like star 55 Cancri, in the constellation Cancer. With a diameter nearly twice that of Earth and density slightly greater, the planet is classified as a super-Earth: larger than Earth, smaller than Neptune, and likely similar in composition to the rocky planets in our solar system.

To describe 55 Cancri e as "rocky," however, could leave the wrong impression. The planet orbits so close to its star (about 1.4 million miles, or one-twenty-fifth the distance between Mercury and the Sun) that its surface is likely to be molten -- a bubbling ocean of magma. With such a tight orbit, the planet is also likely to be tidally locked, with a dayside that faces the star at all times and a nightside in perpetual darkness.

In spite of numerous observations since it was discovered to transit in 2011, the question of whether or not 55 Cancri e has an atmosphere -- or even could have one given its high temperature and the continuous onslaught of stellar radiation and wind from its star -- has gone unanswered.

"I've worked on this planet for more than a decade," said Diana Dragomir, an exoplanet researcher at the University of New Mexico and co-author on the study. "It's been really frustrating that none of the observations we've been getting have robustly solved these mysteries. I am thrilled that we're finally getting some answers!"

Unlike the atmospheres of gas giant planets, which are relatively easy to spot (the first was detected by NASA's Hubble Space Telescope more than two decades ago), thinner and denser atmospheres surrounding rocky planets have remained elusive.




Previous studies of 55 Cancri e using data from NASA's now-retired Spitzer Space Telescope suggested the presence of a substantial atmosphere rich in volatiles (molecules that occur in gas form on Earth) like oxygen, nitrogen, and carbon dioxide. But researchers could not rule out another possibility: that the planet is bare, save for a tenuous shroud of vaporized rock, rich in elements like silicon, iron, aluminum, and calcium. "The planet is so hot that some of the molten rock should evaporate," explained Hu.

Measuring Subtle Variations in Infrared Colors

To distinguish between the two possibilities, the team used Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) to measure 4- to 12-micron infrared light coming from the planet.

Although Webb cannot capture a direct image of 55 Cancri e, it can measure subtle changes in light from the system as the planet orbits the star.

By subtracting the brightness during the secondary eclipse (image below, details/download), when the planet is behind the star (starlight only), from the brightness when the planet is right beside the star (light from the star and planet combined), the team was able to calculate the amount of various wavelengths of infrared light coming from the dayside of the planet.

This method, known as secondary eclipse spectroscopy, is similar to that used by other research teams to search for atmospheres on other rocky exoplanets, like TRAPPIST-1 b.




Cooler than Expected

The first indication that 55 Cancri e could have a substantial atmosphere came from temperature measurements based on its thermal emission (image below, details/download), or heat energy given off in the form of infrared light. If the planet is covered in dark molten rock with a thin veil of vaporized rock or no atmosphere at all, the dayside should be around 4,000 degrees Fahrenheit (~2,200 degrees Celsius).

"Instead, the MIRI data showed a relatively low temperature of about 2,800 degrees Fahrenheit [~1540 degrees Celsius]," said Hu. "This is a very strong indication that energy is being distributed from the dayside to the nightside, most likely by a volatile-rich atmosphere." While currents of lava can carry some heat around to the nightside, they cannot move it efficiently enough to explain the cooling effect.

When the team looked at the NIRCam data, they saw patterns consistent with a volatile-rich atmosphere. "We see evidence of a dip in the spectrum between 4 and 5 microns -- less of this light is reaching the telescope," explained co-author Aaron Bello-Arufe, also from NASA JPL. "This suggests the presence of an atmosphere containing carbon monoxide or carbon dioxide, which absorb these wavelengths of light." A planet with no atmosphere or an atmosphere consisting only of vaporized rock would not have this specific spectral feature.

"We've spent the last ten years modelling different scenarios, trying to imagine what this world might look like," said co-author Yamila Miguel from the Leiden Observatory and the Netherlands Institute for Space Research (SRON). "Finally getting some confirmation of our work is priceless!"

Bubbling Magma Ocean

The team thinks that the gases blanketing 55 Cancri e would be bubbling out from the interior, rather than being present ever since the planet formed. "The primary atmosphere would be long gone because of the high temperature and intense radiation from the star," said Bello-Arufe. "This would be a secondary atmosphere that is continuously replenished by the magma ocean. Magma is not just crystals and liquid rock; there's a lot of dissolved gas in it, too."

While 55 Cancri e is far too hot to be habitable, researchers think it could provide a unique window for studying interactions between atmospheres, surfaces, and interiors of rocky planets, and perhaps provide insights into the early conditions of Earth, Venus, and Mars, which are thought to have been covered in magma oceans far in the past. "Ultimately, we want to understand what conditions make it possible for a rocky planet to sustain a gas-rich atmosphere: a key ingredient for a habitable planet," said Hu.

This research was conducted as part of Webb's General Observers (GO) Program 1952. Analysis of additional secondary eclipse observations of 55 Cancri e are currently in progress.
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Rock steady: Study reveals new mechanism to explain how continents stabilized | ScienceDaily
Ancient, expansive tracts of continental crust called cratons have helped keep Earth's continents stable for billions of years, even as landmasses shift, mountains rise and oceans form. A new mechanism proposed by Penn State scientists may explain how the cratons formed some 3 billion years ago, an enduring question in the study of Earth's history.


						
The scientists reported today (May 8) in the journal Nature that the continents may not have emerged from Earth's oceans as stable landmasses, the hallmark of which is an upper crust enriched in granite. Rather, the exposure of fresh rock to wind and rain about 3 billion years ago triggered a series of geological processes that ultimately stabilized the crust -- enabling the crust to survive for billions of years without being destroyed or reset.

The findings may represent a new understanding of how potentially habitable, Earth-like planets evolve, the scientists said.

"To make a planet like Earth you need to make continental crust, and you need to stabilize that crust," said Jesse Reimink, assistant professor of geosciences at Penn State and an author of the study. "Scientists have thought of these as the same thing -- the continents became stable and then emerged above sea level. But what we are saying is that those processes are separate."

Cratons extend more than 150 kilometers, or 93 miles, from the Earth's surface to the upper mantle -- where they act like the keel of a boat, keeping the continents floating at or near sea level across geological time, the scientists said.

Weathering may have ultimately concentrated heat-producing elements like uranium, thorium and potassium in the shallow crust, allowing the deeper crust to cool and harden. This mechanism created a thick, hard layer of rock that may have protected the bottoms of the continents from being deformed later -- a characteristic feature of cratons, the scientists said.

"The recipe for making and stabilizing continental crust involves concentrating these heat-producing elements -- which can be thought of as little heat engines -- very close to the surface," said Andrew Smye, associate professor of geosciences at Penn State and an author of the study. "You have to do that because each time an atom of uranium, thorium or potassium decays, it releases heat that can increase the temperature of the crust. Hot crust is unstable -- it's prone to being deformed and won't stick around."

As wind, rain and chemical reactions broke down rocks on the early continents, sediments and clay minerals were washed into streams and rivers and carried to the sea where they created sedimentary deposits like shales that were high in concentrations of uranium, thorium and potassium, the scientists said.




Collisions between tectonic plates buried these sedimentary rocks deep in the Earth's crust where radiogenic heat released by the shale triggered melting of the lower crust. The melts were buoyant and ascended back to the upper crust, trapping the heat-producing elements there in rocks like granite and allowing the lower crust to cool and harden.

Cratons are believed to have formed between 3 and 2.5 billion years ago -- a time when radioactive elements like uranium would have decayed at a rate about twice as fast and released twice as much heat as today.

The work highlights that the time when the cratons formed on the early middle Earth was uniquely suited for the processes that may have led them to becoming stable, Reimink said.

"We can think of this as a planetary evolution question," Reimink said. "One of the key ingredients you need to make a planet like Earth might be the emergence of continents relatively early on in its lifespan. Because you're going to create radioactive sediments that are very hot and that produce a really stable tract of continental crust that lives right around sea level and is a great environment for propagating life."

The researchers analyzed uranium, thorium and potassium concentrations from hundreds of samples of rocks from the Archean period, when the cratons formed, to assess the radiogenic heat productivity based on actual rock compositions. They used these values to create thermal models of craton formation.

"Previously people have looked at and considered the effects of changing radiogenic heat production through time," Smye said. "But our study links rock-based heat production to the emergence of continents, the generation of sediments and the differentiation of continental crust."

Typically found in the interior of continents, cratons contain some of the oldest rocks on Earth, but remain challenging to study. In tectonically active areas, mountain belt formation might bring rocks that had once been buried deep underground to the surface.




But the origins of the cratons remain deep underground and are inaccessible. The scientists said future work will involve sampling ancient interiors of cratons and, perhaps, drilling core samples to test their model.

"These metamorphosed sedimentary rocks that have melted and produced granites that concentrate uranium and thorium are like black box flight recorders that record pressure and temperature," Smye said. "And if we can unlock that archive, we can test our model's predictions for the flight path of the continental crust."

Penn State and the U.S. National Science Foundation provided funding for this work.
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Children sleep problems associated with psychosis in young adults | ScienceDaily
Children who experience chronic lack of sleep from infancy may be at increased risk of developing psychosis in early adulthood, new research shows.


						
Researchers at the University of Birmingham examined information on nighttime sleep duration from a large cohort study of children aged between 6 months and 7 years old. They found that children who persistently slept fewer hours, throughout this time period, were more than twice as likely to develop a psychotic disorder in early adulthood, and nearly four times as likely to have a psychotic episode.

While previous research has highlighted links between sleep problems and psychosis at specific time points, this is the first study to show that persistent lack of sleep is a strong predictor of psychosis.

Lead author, Dr Isabel Morales-Munoz, said: "It's entirely normal for children to suffer from sleep problems at different points in their childhood, but it's also important to know when it might be time to seek help. Sometimes sleep can become a persistent and chronic problem, and this is where we see links with psychiatric illness in adulthood.

"The good news is that we know that it is possible to improve our sleep patterns and behaviours. While persistent lack of sleep may not be the only cause of psychosis in early adulthood, our research suggests that it is a contributing factor, and it is something that parents can address."

The results, published in JAMA Psychiatry, were based on data taken from the Avon Longitudinal Study of Parents and Children (ALSPAC), which includes records of 12,394 children from 6 months to 7 years, and 3,889 at 24 years old.

While the association between lack of sleep in childhood and psychosis in early adulthood was robust in the study, the team have not proven a causal link and other factors associated with both childhood sleep and psychosis need to be explored.

The team looked, for example, at overall immune system health in the children to see whether impairments in the immune system could also account for some of the associations between lack of sleep and psychosis. This was tested at nine-years-old by measuring levels of inflammation in blood samples. Results showed that a weakened immune system could partially explain the links between lack of sleep and psychosis, but other unknown factors are also likely to be important.

Dr Morales- Munoz' research is part of the Mental Health Mission Midlands Translational Centre, led by the University of Birmingham and funded by the National Institute for Health and Care Research. Its aim is to test and validate treatments in early psychosis and depression among children and young people.

"We know that early intervention is really important in helping young people with mental illness. One of the priorities of the Midlands Mental Health Mission Translational Research Centre of Excellence is to develop and test targeted interventions that could have a real impact on young people who have an illness or who are at risk of developing one. Understanding the role that good sleep hygiene plays in positive mental health could be a really important part of this process."
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New target for potential leukemia therapy | ScienceDaily
Boston -- A team of Dana-Farber Cancer Institute investigators discovered that a subset of myeloid and lymphoid leukemias depend on a molecular complex called PI3Kgamma for survival. The study provides both mechanistic and preclinical evidence supporting the rapid initiation of clinical trials for patients with acute myeloid leukemia (AML) to test an existing medicine that inhibits the complex, called eganelisib, both alone and in combination with the most used AML chemotherapy, cytarabine. The study was published in Nature.


						
"Given what we've observed, we can move very quickly to take these medicines, which appear to be safe and well tolerated, to patients with AML," says principal investigator Andrew Lane, MD, PhD, a clinician-scientist in the Adult Leukemia Program at Dana-Farber. "We are planning clinical trials to start hopefullywithin the next year."

Treatment for AML has advanced in the last decade, but most patients ultimately relapse after treatment. Therapies that target AML-related mutations have provided options for subsets of patients, though the cancer eventually evolves to evade the therapy.

The Dana-Farber team took a different approach to searching for therapeutic targets. Rather than focusing on mutations, first author Qingyu Luo, MD, PhD, a research fellow in Lane's lab, used genome wide CRISPR interference to search for genes that AML cells rely on to grow.

He found a promising hit. A subset of leukemia cells relied on a gene called PI3KR5 to survive. That gene produces an important portion of the PI3Kgamma complex.

This hit was attractive in part because the PI3Kgamma complex had been studied before, though not in AML. In addition, a medicine already existed to inhibit it. This drug, eganelisib, has been tested in trials for certain solid tumors to enhance cancer immunotherapy.

What Luo and Lane had found, however, was a completely different mechanism of action in which the drug might work directly on leukemia cells to stop their growth.




To validate this hypothesis, the team treated animal models harboring patient-derived leukemia xenografts with eganelisib. They found that the leukemia xenografts predicted to be highly dependent on PI3Kgamma shrank, and the animal models survived longer when treated with eganelisib.

Looking at The Cancer Genome Atlas Data (TCGA), the team found that patients with AML predicted to be sensitive to eganelisib don't do as well in terms of survival on existing therapies compared to those with negative biomarkers. This finding suggests that this patient group, which can be identified by high levels of PI3KR5 expression, has a need for new medicines and could potentially benefit from treatment with eganelisib.

"This is a drug that is ready to be tested in patients with AML," says Lane. "It's already been used in clinical trials for many patients with solid tumors."

Luo, who initiated this research to improve existing therapies for AML, also treated animal models of leukemia with cytarabine alone and with eganelisib plus cytarabine. The team found that those treated with a combination of eganelisib and cytarabine survived longer than those treated with cytarabine alone, regardless of the leukemia's sensitivity to PI3Kgamma inhibition alone.

The observations suggested that the two medicines worked synergistically. Luo investigated and found that PI3Kgamma, when inhibited, also results in the suppression of a leukemia cell metabolic process called oxidative phosphorylation (OXPHOS). Leukemia cells depend on OXPHOS for energy, and suppression of OXPHOS can result in their demise.

Luo also discovered that leukemia cells that survive standard treatment with cytarabine tend to be more dependent on PI3Kgamma than they were prior to treatment. These surviving leukemia cells -- which are the cause of AML relapse -- could be vulnerable to combination therapy with eganelisib and cytarabine.

"We want synergy, where two drugs mesh with each other," says Luo. "Through inhibition of PI3Kgamma, eganelisib has this downstream effect of suppressing an energy pathway important in AML relapse."

The team is now focused on designing clinical trials for patients.

"This study provides the scientific rationale for a clinical application and also helps us understand where the discoveries apply to the needs of our patients," says Lane. "Dana-Farber is one of the unique places where you can go from molecular biology in the lab to testing in models based on patient samples and then to rapidly initiating a clinical trial on the basis of this science."
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Pressure to be 'perfect' causing burnout for parents, mental health concerns for their children | ScienceDaily

Researchers leading a national dialogue about parental burnout from The Ohio State University College of Nursing and the university's Office of the Chief Wellness Officer say "no," and a new study finds that pressure to try to be "perfect" leads to unhealthy impacts on both parents and their children.

The survey of more than 700 parents nationwide from June 15 -- July 28, 2023 is summarized in the new report, "The Power of Positive Parenting: Evidence to Help Parents and Their Children Thrive." The data shows that:
    	Fifty-seven percent (57%) of parents self-reported burnout.
    	Parental burnout is strongly associated with internal and external expectations, including whether one feels they are a good parent, perceived judgment from others, time to play with their children, the relationship with their spouse and keeping a clean house.
    	The more free play time that parents spend with their children and the lighter the load of structured extracurricular activities, the fewer mental health issues in their children (i.e. anxiety, depression, OCD, ADHD, bipolar disorder).
    	Parents' mental health and behaviors strongly impact their children's mental health. If their children have a mental health disorder, parents report a higher level of burnout and a greater likelihood for them to insult, criticize, scream at, curse at and/or physically harm their children (i.e. repeated spanking). Higher levels of self-reported parental burnout and harsh parenting practices are associated with more mental health problems in children.

Kate Gawlik, DNP, one of the lead researchers on the study who pursues this research based on her experience as a working mother of four, said the illusion and expectations of "perfect parenting" can be deflating.

"I think social media has just really tipped the scales," said Gawlik, an associate clinical professor at the Ohio State College of Nursing. "You can look at people on Instagram or you can even just see people walking around, and I always think, 'How do they do that? How do they seem to always have it all together when I don't?'

"We have high expectations for ourselves as parents; we have high expectations for what our kids should be doing. Then on the flipside, you're comparing yourself to other people, other families, and there's a lot of judgment that goes on. And whether it's intended or not, it's still there."

Data from the study shows that force of expectations from what Gawlik calls a "culture of achievement" leads to burnout (a state of physical and emotional exhaustion), which in turn leads to other, potentially debilitating issues.




"When parents are burned out, they have more depression, anxiety and stress, but their children also do behaviorally and emotionally worse," said Bernadette Melnyk, PhD, FAAN, vice president for health promotion and chief wellness officer at Ohio State. "So it's super important to face your true story if you're burning out as a parent and do something about it for better self-care."

Gawlik and Melnyk's new report brings critical updates to their initial study in 2022, which measured working parent burnout during the height of the COVID-19 pandemic. Gawlik and Melnyk created a first-of-its-kind Working Parent Burnout Scale, a 10-point survey that allows parents to measure their burnout in real time and use evidence-based solutions to help.

That scale is included in the new report, along with new guidance on positive parenting strategies, techniques and tips to form deeper connections with one's children.

"Positive parenting is when you give your children a lot of love and warmth, but you also provide structure and guidance in their life," Melnyk explained. "You gently teach them consequences of behaviors. So that is a much better goal to shoot for being a positive parent than a perfect parent."

Among the strategies:
    	Connection and active listening
    	Catching, checking and changing negative thoughts into positive ones
    	Readjusting expectations for the parent and the child
    	Reflecting and acting on priorities

"If maybe you're prioritizing making sure your house is spotless all the time, but then you don't feel like you have time to go for a walk every night with your children, maybe you need to reorganize or find a way to make both of those things work," Gawlik suggested.

Melnyk said these evidence-based approaches can help calm what she calls a "public health epidemic" of parental burnout.

"Parents do a great job caring for their children and everybody else, but they often don't prioritize their own self-care," Melnyk said. "As parents, we can't keep pouring from an empty cup. If children see their parents taking good self-care, the chances are they're going to grow up with that value as well. It has a ripple effect to the children and to the entire family."

"As one parent told me," Gawlik added, "'I would much rather have a happy kid than a perfect kid.'"
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'Mathematical microscope' reveals novel, energy-efficient mechanism of working memory that works even during sleep | ScienceDaily
UCLA Health researchers have discovered a mechanism that creates memories while reducing metabolic cost, even during sleep. This efficient memory occurs in a part of the brain that is crucial for learning and memory, and where Alzheimer's disease begins.


						
The discovery is published in the journal Nature Communications.

Does this sound familiar: You go to the kitchen to fetch something, but when you get there, you forget what you wanted. This is your working memory failing. Working memory is defined as remembering some information for a short period while you go about doing other things. We use working memory virtually all the time. Alzheimer's and dementia patients have working memory deficits and it also shows up in mild cognitive impairment (MCI). Hence, considerable effort has been devoted to understand the mechanisms by which the vast networks of neurons in the brain create working memory.

During working memory tasks, the outermost layer of the brain, known as the neocortex, sends sensory information to deeper regions of the brain, including a central region called the entorhinal cortex, which is crucial for forming memories. Neurons in the entorhinal cortex show a complex array of responses, which have puzzled scientists for a long time and resulted in the 2014 Nobel Prize in medicine, yet the mechanisms governing this complexity are unknown. The entorhinal cortex is where Alzheimer's disease begins forming.

"It's therefore critical to understand what kind of magic happens in the cortico-entorhinal network, when the neocortex speaks to the entorhinal cortex which turns it into working memory. It could provide an early diagnostic of Alzheimer's disease and related dementia, and mild cognitive impairment," said corresponding author Mayank Mehta, a neurophysicist and head of the W. M. Keck Center for Neurophysics and the Center for Physics of Life at UCLA.

To crack this problem, Mehta and his coauthors devised a novel approach: a "mathematical microscope."

In the world of physics, mathematical models are commonly used, from Kepler to Newton and Einstein, to reveal amazing things we have never seen or even imagined, such as the inner workings of subatomic particles and the inside of a black hole. Mathematical models are used in brain sciences too, but their predictions are not taken as seriously as in physics. The reason is that in physics, predictions of mathematical theories are tested quantitatively, not just qualitatively.




Such quantitatively precise experimental tests of mathematical theories are commonly believed to be unfeasible in biology because the brain is vastly more complex than the physical world. Mathematical theories in physics are very simple, involving very few free parameters and hence precise experimental tests. In contrast, the brain has billions of neurons and trillions of connections, a mathematical nightmare, let alone a highly precise microscope.

"To tackle this seemingly impossible challenge of devising a simple theory that can still explain the experimental of data of memory dynamics in vivo data with high precision, we hypothesized that cortico-entorhinal dialog, and memory magic, will occur even when the subjects are sleeping, or anesthetized," said Dr. Krishna Choudhary, the lead author of the study. "Just like a car behaves like a car when it's idling or going at 70 mph."

UCLA researchers then made another large assumption: the dynamics of the entire cortex and the entorhinal cortex during sleep or anesthesia can be captured by just two neurons. These assumptions reduced the problem of billions of neurons' interactions to just two only free variables -- the strength of input from the neocortex to entorhinal cortex and the strength of recurrent connections within the entorhinal cortex. While this makes the problem mathematically tractable, it raises the obvious question -- is it true?

"If we test our theory quantitatively on data in vivo, then these are just interesting mathematical games, not a solid understanding of memory-making magic," said Mehta.

The crucial experimental tests of this theory required sophisticated experiments by Dr. Thomas Hahn, a coauthor who is now professor at Basel University and a clinical psychologist.

"The entorhinal cortex is a complicated circuit. To really test the theory we needed experimental techniques that can not only measure the neural activity with high precision, but also determine the precise anatomical identity of the neuron," said Hahn.




Hahn and Dr. Sven Berberich, also a coauthor, measured the membrane potential of identified neurons from the entorhinal cortex in vivo, using whole cell patch clamp technique and then used anatomical techniques to identify the neuron. Simultaneously they measured the activity of the parietal cortex, a part of neocortex that sends inputs to the entorhinal cortex.

"A mathematical theory and sophisticated in vivo data are necessary and cool, but we had to tackle one more challenge -- how does one map this simple theory onto complex neural data?" said Mehta.

"This required a protracted period of development, to generate a 'mathematical microscope' that can directly reveal the inner workings of neurons as they make memory," said Choudhary. "As far as we know, this has not been done before."

The authors observed that like an ocean wave forming and then crashing on to a shoreline, the signals from the neocortex oscillate between on and off states in intervals while a person or animal sleeps. Meanwhile, the entorhinal cortex acted like a swimmer in the water who can move up when the wave forms and then down when it recedes. The data showed this and the model captured this as well. But using this simple match the model then took a life of its own and discovered a new type of memory state known as spontaneous persistent inactivity, said Mehta.

"It's as if a wave comes in and the entorhinal cortex said, 'There is no wave! I'm going to remember that recently there was no wave so I am going to ignore this current wave and not respond at all'. This is persistent inactivity" Mehta said. "Alternately, persistent activity occurs when the cortical wave disappears but the entorhinal neurons remember that there was a wave very recently, and continue rolling forward."

While many theories of working memory had shown the presence of persistent activity, which the authors found, the persistent inactivity was something that the model predicted and had never been seen before.

"The cool part about persistent inactivity is that it takes virtually no energy, unlike persistent activity, which takes a lot of energy," said Mehta, "even better, the combination of persistent activity and inactivity more than doubles the memory capacity while cutting down the metabolic energy cost by half."

"All this sounded too good to be true, so we really pushed our mathematical microscope to the limit, into a regime where it was not designed to work," said Dr. Choudhary. "If the microscope was right, it would continue working perfectly even in unusual situations."

"The math-microscope made a dozen predictions, not just about entorhinal but many other brain regions too. To our complete surprise, the mathematical microscope worked every time," Mehta continued. "Such near perfect match between the predictions of a mathematical theory and experiments is unprecedented in neuroscience.

"This mathematical model that is perfectly matched with experiments is a new microscope," Mehta continued. "It reveals something that no existing microscope could see without it. No matter how many neurons you have imaged, it would not have revealed any of this.

"In fact, metabolic shortcomings are a common feature of many memory disorders," said Mehta. Mehta's laboratory is now following up on this work to understand how complex working memory is formed, and what goes wrong in the entorhinal cortex during Alzheimer's disease, dementia and other memory disorders."
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Swarms of miniature robots clean up microplastics and microbes, simultaneously | ScienceDaily
When old food packaging, discarded children's toys and other mismanaged plastic waste break down into microplastics, they become even harder to clean up from oceans and waterways. These tiny bits of plastic also attract bacteria, including those that cause disease. In a study in ACS Nano, researchers describe swarms of microscale robots (microrobots) that captured bits of plastic and bacteria from water. Afterward, the bots were decontaminated and reused. 


						
The size of microplastics, which measure 5 millimeters or less, adds another dimension to the plastic pollution problem because animals can eat them, potentially being harmed or passing the particles into the food chain that ends with humans. So far, the health effects for people are not fully understood. However, microplastics themselves aren't the only concern. These pieces attract bacteria, including pathogens, which can also be ingested. To remove microbes and plastic from water simultaneously, Martin Pumera and colleagues turned to microscale robotic systems, comprised of many small components that work collaboratively, mimicking natural swarms, like schools of fish.

To construct the bots, the team linked strands of a positively charged polymer to magnetic microparticles, which only move when exposed to a magnetic field. The polymer strands, which radiate from the surface of the beads, attract both plastics and microbes. And the finished products -- the individual robots -- measured 2.8 micrometers in diameter. When exposed to a rotating magnetic field, the robots swarmed together. By adjusting the number of robots that self-organized into flat clusters, the researchers found that they could alter the swarm's movement and speed.

In lab experiments, the team replicated microplastics and bacteria in the environment by adding fluorescent polystyrene beads (1 micrometer-wide) and actively swimming Pseudomonas aeruginosa bacteria, which can cause pneumonia and other infections, to a water tank. Next, the researchers added microrobots to the tank and exposed them to a rotating magnetic field for 30 minutes, switching it on and off every 10 seconds. A robot concentration of 7.5 milligrams per milliliter, the densest of four concentrations tested, captured approximately 80% of the bacteria. Meanwhile, at this same concentration, the number of free plastic beads also gradually dropped, as they were drawn to the microrobots. Afterward, the researchers collected the robots with a permanent magnet and used ultrasound to detach the bacteria clinging to them. They then exposed the removed microbes to ultraviolet radiation, completing the disinfection. When reused, the decontaminated robots still picked up plastic and microbes, albeit smaller amounts of both. This microrobotic system provides a promising approach for ridding water of plastic and bacteria, the researchers note.

The authors acknowledge funding from the European Regional Development Fund/Europeal Social Fund project TECHSCALE, the REFRESH program of the European Union and CzechNanoLab.
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This sound-suppressing silk can create quiet spaces | ScienceDaily
We are living in a very noisy world. From the hum of traffic outside your window to the next-door neighbor's blaring TV to sounds from a co-worker's cubicle, unwanted noise remains a resounding problem.


						
To cut through the din, an interdisciplinary collaboration of researchers from MIT and elsewhere developed a sound-suppressing silk fabric that could be used to create quiet spaces.

The fabric, which is barely thicker than a human hair, contains a special fiber that vibrates when a voltage is applied to it. The researchers leveraged those vibrations to suppress sound in two different ways.

In one, the vibrating fabric generates sound waves that interfere with an unwanted noise to cancel it out, similar to noise-canceling headphones, which work well in a small space like your ears but do not work in large enclosures like rooms or planes.

In the other, more surprising technique, the fabric is held still to suppress vibrations that are key to the transmission of sound. This prevents noise from being transmitted through the fabric and quiets the volume beyond. This second approach allows for noise reduction in much larger spaces like rooms or cars.

By using common materials like silk, canvas, and muslin, the researchers created noise-suppressing fabrics which would be practical to implement in real-world spaces. For instance, one could use such a fabric to make dividers in open workspaces or thin fabric walls that prevent sound from getting through.

"Noise is a lot easier to create than quiet. In fact, to keep noise out we dedicate a lot of space to thick walls. [First author] Grace's work provides a new mechanism for creating quiet spaces with a thin sheet of fabric," says Yoel Fink, a professor in the departments of Materials Science and Engineering and Electrical Engineering and Computer Science, a Research Laboratory of Electronics principal investigator, and senior author of a paper on the fabric.




The study's lead author is Grace (Noel) Yang SM '21, PhD '24. Co-authors include MIT graduate students Taigyu Joo, Hyunhee Lee, Henry Cheung, and Yongyi Zhao; Zachary Smith, the Robert N. Noyce Career Development Professor of Chemical Engineering at MIT; graduate student Guanchun Rui and professor Lei Zhu of Case Western University; graduate student Jinuan Lin and Assistant Professor Chu Ma of the University of Wisconsin at Madison; and Latika Balachander, a graduate student at the Rhode Island School of Design. The an open-access paper about the research appeared recently in Advanced Materials.

Silky silence

The sound-suppressing silk builds off the group's prior work to create fabric microphones.

In that research, they sewed a single strand of piezoelectric fiber into fabric. Piezoelectric materials produce an electrical signal when squeezed or bent. When a nearby noise causes the fabric to vibrate, the piezoelectric fiber converts those vibrations into an electrical signal, which can capture the sound.

In the new work, the researchers flipped that idea to create a fabric loudspeaker that can be used to cancel out soundwaves.

"While we can use fabric to create sound, there is already so much noise in our world. We thought creating silence could be even more valuable," Yang says.




Applying an electrical signal to the piezoelectric fiber causes it to vibrate, which generates sound. The researchers demonstrated this by playing Bach's "Air" using a 130-micrometer sheet of silk mounted on a circular frame.

To enable direct sound suppression, the researchers use a silk fabric loudspeaker to emit sound waves that destructively interfere with unwanted sound waves. They control the vibrations of the piezoelectric fiber so that sound waves emitted by the fabric are opposite of unwanted sound waves that strike the fabric, which can cancel out the noise.

However, this technique is only effective over a small area. So, the researchers built off this idea to develop a technique that uses fabric vibrations to suppress sound in much larger areas, like a bedroom.

Let's say your next-door neighbors are playing foosball in the middle of the night. You hear noise in your bedroom because the sound in their apartment causes your shared wall to vibrate, which forms sound waves on your side.

To suppress that sound, the researchers could place the silk fabric onto your side of the shared wall, controlling the vibrations in the fiber to force the fabric to remain still. This vibration-mediated suppression prevents sound from being transmitted through the fabric.

"If we can control those vibrations and stop them from happening, we can stop the noise that is generated, as well," Yang says.

A mirror for sound

Surprisingly, the researchers found that holding the fabric still causes sound to be reflected by the fabric, resulting in a thin piece of silk that reflects sound like a mirror does with light.

Their experiments also revealed that both the mechanical properties of a fabric and the size of its pores affect the efficiency of sound generation. While silk and muslin have similar mechanical properties, the smaller pore sizes of silk make it a better fabric loudspeaker.

But the effective pore size also depends on the frequency of sound waves. If the frequency is low enough, even a fabric with relatively large pores could function effectively, Yang says.

When they tested the silk fabric in direct suppression mode, the researchers found that it could significantly reduce the volume of sounds up to 65 decibels (about as loud as enthusiastic human conversation). In vibration-mediated suppression mode, the fabric could reduce sound transmission up to 75 percent.

These results were only possible due to a robust group of collaborators, Fink says. Graduate students at the Rhode Island School of Design helped the researchers understand the details of constructing fabrics; scientists at the University of Wisconsin at Madison conducted simulations; researchers at Case Western Reserve University characterized materials; and chemical engineers in the Smith Group at MIT used their expertise in gas membrane separation to measure airflow through the fabric.

Moving forward, the researchers want to explore the use of their fabric to block sound of multiple frequencies. This would likely require complex signal processing and additional electronics.

In addition, they want to further study the architecture of the fabric to see how changing things like the number of piezoelectric fibers, the direction in which they are sewn, or the applied voltages could improve performance.

"There are a lot of knobs we can turn to make this sound-suppressing fabric really effective. We want to get people thinking about controlling structural vibrations to suppress sound. This is just the beginning," says Yang.

This work is funded, in part, by the National Science Foundation (NSF), the Army Research Office (ARO), the Defense Threat Reduction Agency (DTRA), and the Wisconsin Alumni Research Foundation.
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'Better than graphene' material development may improve implantable technology | ScienceDaily
Move over, graphene. There's a new, improved two-dimensional material in the lab. Borophene, the atomically thin version of boron first synthesized in 2015, is more conductive, thinner, lighter, stronger and more flexible than graphene, the 2D version of carbon. Now, researchers at Penn State have made the material potentially more useful by imparting chirality -- or handedness -- on it, which could make for advanced sensors and implantable medical devices. The chirality, induced via a method never before used on borophene, enables the material to interact in unique ways with different biological units such as cells and protein precursors.


						
The team, led by Dipanjan Pan, Dorothy Foehr Huck & J. Lloyd Huck Chair Professor in Nanomedicine and professor of materials science and engineering and of nuclear engineering, published their work -- the first of its kind, they said -- in ACS Nano.

"Borophene is a very interesting material, as it resembles carbon very closely including its atomic weight and electron structure but with more remarkable properties. Researchers are only starting to explore its applications," Pan said. "To the best of our knowledge, this is the first study to understand the biological interactions of borophene and the first report of imparting chirality on borophene structures."

Chirality refers to similar but not identical physicality, like left and right hands. In molecules, chirality can make biological or chemical units exist in two versions that cannot be perfectly matched, as in a left and right mitten. They can mirror each other precisely, but a left mitten will never fit the right hand as well as it fits the left hand.

Borophene is structurally polymorphic, which means its boron atoms can be arranged in different configurations to give it different shapes and properties, much like how the same set of Lego blocks can be built into different structures. This gives researchers the ability to "tune" borophene to give it various properties, including chirality.

"Since this material has remarkable potential as a substrate for implantable sensors, we wanted to learn about their behavior when exposed to cells," Pan said. "Our study, for the first time ever, showed that various polymorphic structures of borophene interact with cells differently and their cellular internalization pathways are uniquely dictated by their structures."

The researchers synthesized borophene platelets -- similar to the cellular fragments found in blood -- using solution state synthesis, which involves exposing a powdered version of the material in a liquid to one or more external factors, such as heat or pressure, until they combine into the desired product.




"We made the borophene by subjecting the boron powders to high-energy sound waves and then mixed these platelets with different amino acids in a liquid to impart the chirality," Pan said. "During this process, we noticed that the sulfur atoms in the amino acids preferred to stick to the borophene more than the amino acids' nitrogen atoms did."

The researchers found that certain amino acids, like cysteine, would bind to borophene in distinct locations, depending on their chiral handedness. The researchers exposed the chiralized borophene platelets to mammalian cells in a dish and observed that their handedness changed how they interacted with cell membranes and entered cells.

According to Pan, this finding could inform future applications, such as development of higher-resolution medical imaging with contrast that could precisely track cell interactions or better drug delivery with pinpointed material-cell interactions. Critically, he said, understanding how the material interacts with cells -- and controlling those interactions -- could one day lead to safer, more effective implantable medical devices.

"Borophene's unique structure allows for effective magnetic and electronic control," Pan said, noting the material could have additional applications in health care, sustainable energy and more. "This study was just the beginning. We have several projects underway to develop biosensors, drug delivery systems and imaging applications for borophene."

Along with Pan, other authors of the study include Teresa Aditya, postdoctoral researcher in nuclear engineering; Parikshit Moitra, research assistant professor of nuclear engineering at Penn State during the study and current assistant professor at the Indian Institute of Science Education and Research; Maha Alafeef, research scientist at Penn State during the study and current assistant professor at Jordan University of Science and Technology; and David Skrodzki, graduate research assistant in materials science and engineering at Penn State.

The Centers for Disease Control and Prevention, the U.S. National Science Foundation and the Department of Defense partially supported this research.
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Low-energy process for high-performance solar cells | ScienceDaily
Finding reliable, eco-friendly power sources is crucial as our world grapples with increasing energy needs and the urgent call to combat climate change. Solar energy offers one solution, with scientists devising ever more efficient materials for capturing sunlight.


						
Perovskite solar cells have emerged as a promising alternative to conventional, silicon solar cells, boasting a number of advantages. But processing the material has been a complicated affair. Now, researchers at UC Santa Barbara have developed a method to make high-quality perovskite films at room temperature. The team's innovation not only simplified the production process but also increased the material's efficiency from under 20% to 24.4%. The details appear in the journal Joule.

Perovskite is a class of materials characterized by its specific crystal structure, exemplified by the mineral of the same name. Solar cells made from this material boast many advantages compared to silicon-based solar cells. They're lightweight, flexible and can be applied as a spray or printed like ink. Perovskite solar cell production also has the potential for a smaller carbon footprint than silicon photovoltaics, which require high temperatures and a cleanroom environment.

That said, producing these cells involves high-temperature annealing and tricky post-treatment steps, significantly slowing fabrication and making it hard to incorporate them into everyday items. These factors impede perovskite's adoption in large-scale manufacturing and make them less environmentally friendly.

By fine tuning the material's chemical composition, the authors developed a perovskite ink that created high-quality films much more effectively. "Our method follows the same procedures as the conventional one, except for omitting the two most time-consuming steps: thermal annealing and post-treatment," said co-lead author Ahra Yi, a postdoctoral researcher at UC Santa Barbara. The simpler fabrication technique also meshes better with standard manufacturing processes and reduces the overall energy use, which lowers its carbon dioxide emissions.

What's more, the new material outperformed cells made using the high-temperature process. "Our optimized perovskite solar cell achieved a remarkable efficiency of 24.4%," said co-lead author and UCSB doctoral student Sangmin Chae, "surpassing previous limits, which were below 20% for room-temperature processed devices."

The new procedure is also extremely gentle. To demonstrate this, the team prepared a perovskite layer on fresh leaves, a feat that was impossible with the previous, high-temperature process. "We thought this choice would be both eye-catching and symbolic, since solar cells mimic the photosynthetic process in leaves," said Yi.

This versatility opens up a wide range of possible applications. It's well suited for flexible indoor and outdoor energy generation. "With our approach, we can now contemplate the development of high-efficiency solar cells with free-form designs capable of powering the ever-increasing array of wearable electronics, sensors, displays, security cameras, Internet of Things (IoT) devices, et cetera," said senior author, Professor Thuc-Quyen Nguyen, director of the UCSB Center for Polymers & Organic Solids.
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Genetics, not lack of oxygen, causes cerebral palsy in quarter of cases | ScienceDaily
The world's largest study of cerebral palsy (CP) genetics has discovered genetic defects are most likely responsible for more than a quarter of cases in Chinese children, rather than a lack of oxygen at birth as previously thought.


						
The study, published in the scientific journal, Nature Medicine used modern genomic sequencing and found mutations were significantly higher in CP cases with birth asphyxia, indicating a lack of oxygen could be secondary to the underlying genetic defect. The results are consistent with smaller studies globally.

More than 1,500 Chinese children with CP were involved in this research project, which was a collaborative effort between the University of Adelaide and Fudan University Shanghai, Zhengzhou University, Zhengzhou and associates.

The Australian team was led by obstetrician and University of Adelaide's Emeritus Professor Alastair MacLennan AO and human geneticist, Professor Jozef Gecz.

"24.5 per cent of Chinese children in the study had rare genetic variations linked to cerebral palsy. This revelation mirrors our earlier findings in our Australian cerebral palsy cohort, where up to one third of cases have genetic causes," said Professor Gecz, who is the University of Adelaide's Head of Neurogenetics at the Adelaide Medical School and the Robinson Research Institute.

"Our research shows at least some babies who experience birth asphyxia and are diagnosed with CP may have improper brain development as a result of the underlying genetic variants rather than a lack of oxygen.

"Crucially, clinically actionable treatments were found in 8.5 per cent of cases with a genetic cause. It is exciting to see how genetic pathways to cerebral palsy inform tailored treatments for these individuals."

Cerebral palsy affects movement and posture and is the most common motor disability in children. The disorder is diagnosed in up to 2 per 1000 children globally and is sometimes in association with epilepsy, autism and intellectual difficulties. Symptoms often emerge during infancy and early childhood and can range from mild to severe.




The research team identified 81 genes with causation mutations in the children with CP. These genes are known to play important roles in neural and embryonic development and may affect the molecular pathways responsible for respiration.

"A lack of oxygen at birth is often claimed to be the cause of CP in medical litigation following a diagnosis and this has led to the presumption that the condition is preventable with better obstetrics or midwifery. This is simply not the case," said Professor MacLennan, who has spent the past 30 years advocating that there is little scientific evidence to support the myth that cerebral palsy is due to trauma or lack of oxygen at birth.

Professor MacLennan said frequent litigation has been associated with a high increase in "defensive" caesarean delivery and high insurance premiums for obstetricians.

"These results highlight the need for early genetic testing in children with cerebral palsy, especially those with risk factors like birth asphyxia, to ensure they receive the right medical care and treatment.

"All children with cerebral palsy merit modern genetic screening as early and customised interventions really can make a difference and improve their long-term outcomes," he said.

Ongoing genetic research is also investigating other types of contributing genetic variation to the cause of CP and, as a result, the researchers expect that the overall genetic diagnosis rate is likely to increase.
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New super-pure silicon chip opens path to powerful quantum computers | ScienceDaily
Researchers at the Universities of Melbourne and Manchester have invented a breakthrough technique for manufacturing highly purified silicon that brings powerful quantum computers a big step closer.


						
The new technique to engineer ultra-pure silicon makes it the perfect material to make quantum computers at scale and with high accuracy, the researchers say.

Project co-supervisor Professor David Jamieson, from the University of Melbourne, said the innovation - published today in Communication Materials, a Nature journal - uses qubits of phosphorous atoms implanted into crystals of pure stable silicon and could overcome a critical barrier to quantum computing by extending the duration of notoriously fragile quantum coherence.

"Fragile quantum coherence means computing errors build up rapidly. With robust coherence provided by our new technique, quantum computers could solve in hours or minutes some problems that would take conventional or 'classical' computers - even supercomputers - centuries," Professor Jamieson said.

Quantum bits or qubits* - the building blocks of quantum computers - are susceptible to tiny changes in their environment, including temperature fluctuations. Even when operated in tranquil refrigerators near absolute zero (minus 273 degrees Celsius), current quantum computers can maintain error-free coherence for only a tiny fraction of a second.  

University of Manchester co-supervisor Professor Richard Curry said ultra-pure silicon allowed construction of high-performance qubit devices - a critical component required to pave the way towards scalable quantum computers.  

"What we've been able to do is effectively create a critical 'brick' needed to construct a silicon-based quantum computer. It's a crucial step to making a technology that has the potential to be transformative for humankind," Professor Curry said. 

Lead author Ravi Acharya, a joint University of Manchester/University of Melbourne Cookson Scholar, said the great advantage of silicon chip quantum computing was it used the same essential techniques that make the chips used in today's computers.




"Electronic chips currently within an everyday computer consist of billions of transistors -- these can also be used to create qubits for silicon-based quantum devices. The ability to create high quality silicon qubits has in part been limited to date by the purity of the silicon starting material used. The breakthrough purity we show here solves this problem." 

Professor Jamieson said the new highly purified silicon computer chips house and protect the qubits so they can sustain quantum coherence much longer, enabling complex calculations with greatly reduced need for error correction.

"Our technique opens the path to reliable quantum computers that promise step changes across society, including in artificial intelligence, secure data and communications, vaccine and drug design, and energy use, logistics and manufacturing," he said.

Silicon - made from beach sand - is the key material for today's information technology industry because it is an abundant and versatile semiconductor: it can act as a conductor or an insulator of electrical current, depending on which other chemical elements are added to it.

"Others are experimenting with alternatives, but we believe silicon is the leading candidate for quantum computer chips that will enable the enduring coherence required for reliable quantum calculations," Professor Jamieson said.

"The problem is that while naturally occurring silicon is mostly the desirable isotope silicon-28, there's also about 4.5 percent silicon-29. Silicon-29 has an extra neutron in each atom's nucleus that acts like a tiny rogue magnet, destroying quantum coherence and creating computing errors," he said.




The researchers directed a focused, high-speed beam of pure silicon-28 at a silicon chip so the silicon-28 gradually replaced the silicon-29 atoms in the chip, reducing silicon-29 from 4.5 per cent to two parts per million (0.0002 per cent). 

"The great news is to purify silicon to this level, we can now use a standard machine - an ion implanter - that you would find in any semiconductor fabrication lab, tuned to a specific configuration that we designed," Professor Jamieson said.

In previously published research with the ARC Centre of Excellence for Quantum Computation and Communication Technology, the University of  Melbourne set - and still holds - the world record for single-qubit coherence of 30 seconds using silicon that was less purified. 30 seconds is plenty of time to complete error-free, complex quantum calculations.

Professor Jamieson said the  largest existing quantum computers had more than 1000 qubits, but errors occurred within milliseconds due to lost coherence.

"Now that we can produce extremely pure silicon-28, our next step will be to demonstrate that we can sustain quantum coherence for many qubits simultaneously. A reliable quantum computer with just 30 qubits would exceed the power of today's supercomputers for some applications," he said.

This latest work was supported by research grants from the Australian and UK governments.  Professor Jamieson's collaboration with the University of Manchester is supported by a Royal Society Wolfson Visiting Fellowship.

A 2020 report from Australia's CSIRO estimated that quantum computing in Australia has potential to create 10,000 jobs and $2.5 billion in annual revenue by 2040.

"Our research takes us significantly closer to realising this potential," Professor Jamieson said.

*A qubit - such as an atomic nucleus, electron, or photon - is a quantum object when it is in a quantum superposition of multiple states. Coherence is lost when the qubit reverts to a single state and becomes a classical object like a conventional computer bit, which is only ever one or zero and never in superposition.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240507150004.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Caterbot? Robatapillar? It crawls with ease through loops and bends | ScienceDaily
Engineers at Princeton and North Carolina State University have combined ancient paperfolding and modern materials science to create a soft robot that bends and twists through mazes with ease.


						
Soft robots can be challenging to guide because steering equipment often increases the robot's rigidity and cuts its flexibility. The new design overcomes those problems by building the steering system directly into the robot's body, said Tuo Zhao, a postdoctoral researcher at Princeton.

In an article published May 6 in the journal PNAS, the researchers describe how they created the robot out of modular, cylindrical segments. The segments, which can operate independently or join to form a longer unit, all contribute to the robot's ability to move and steer. The new system allows the flexible robot to crawl forward and reverse, pick up cargo and assemble into longer formations.

"The concept of modular soft robots can provide insight into future soft robots that can grow, repair, and develop new functions," the authors write in their article.

Zhao said the robot's ability to assemble and split up on the move allows the system to work as a single robot or a swarm.

"Each segment can be an individual unit, and they can communicate with each other and assemble on command," he said. "They can separate easily, and we use magnets to connect them."

Zhao works in Glaucio Paulino's lab in the Department of Civil and Environmental Engineering and the Princeton Materials Institute. Paulino, the Margareta Engman Augustine Professor of Engineering, has created a body of research that applies origami to a wide array of engineering applications from medical devices to aerospace and construction.




"We have created a bio-inspired plug-and-play soft modular origami robot enabled by electrothermal actuation with highly bendable and adaptable heaters," Paulino said. "This is a very promising technology with potential translation to robots that can grow, heal, and adapt on demand."

In this case, the researchers began by building their robot out of cylindrical segments featuring an origami form called a Kresling pattern. The pattern allows each segment to twist into a flattened disk and expand back into a cylinder. This twisting, expanding motion is the basis for the robot's ability to crawl and change direction. By partially folding a section of the cylinder, the researchers can introduce a lateral bend in a robot segment. By combining small bends, the robot changes direction as it moves forward.

One of the most challenging aspects of the work involved developing a mechanism to control the bending and folding motions used to drive and steer the robot. Researchers at North Carolina State University developed the solution. They used two materials that shrink or expand differently when heated (liquid crystal elastomer and polyimide) and combined them into thin strips along the creases of the Kresling pattern. The researchers also installed a thin stretchable heater made of silver nanowire network along each fold. Electrical current on the nanowire heater heats the control strips, and the two materials' different expansion introduces a fold in the strip. By calibrating the current, and the material used in the control strips, the researchers can precisely control the folding and bending to drive the robot's movement and steering.

"Silver nanowire is an excellent material to fabricate stretchable conductors. Stretchable conductors are building blocks for a variety of stretchable electronic devices including stretchable heaters. Here we used the stretchable heater as the actuation mechanism for the bending and folding motions" said Yong Zhu, the Andrew A. Adams Distinguished Professor in the Department of Mechanical and Aerospace Engineering at N.C. State and one of the lead researchers.

Shuang Wu, a postdoctoral researcher in Zhu's lab, said the lab's previous work used the stretchable heater for continuously bending a bilayer structure. "In this work we achieved localized, sharp folding to actuate the origami pattern. This effective actuation method can be generally applied to origami structures (with creases) for soft robotics," Wu said.

The researchers said that the current version of the robot has limited speed, and they are working to increase the locomotion in later generations.

Zhao said the researchers also plan to experiment with different shapes, patterns, and instability to improve both the speed and the steering. Support for the research was provided in part by the National Science Foundation and the National Institutes of Health.
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Venus has almost no water: A new study may reveal why | ScienceDaily
Planetary scientists at the University of Colorado Boulder have discovered how Venus, Earth's scalding and uninhabitable neighbor, became so dry.


						
The new study fills in a big gap in what the researchers call "the water story on Venus." Using computer simulations, the team found that hydrogen atoms in the planet's atmosphere go whizzing into space through a process known as "dissociative recombination" -- causing Venus to lose roughly twice as much water every day compared to previous estimates.

The team will publish their findings May 6 in the journal Nature.

The results could help to explain what happens to water in a host of planets across the galaxy.

"Water is really important for life," said Eryn Cangi, a research scientist at the Laboratory for Atmospheric and Space Physics (LASP) and co-lead author of the new paper. "We need to understand the conditions that support liquid water in the universe, and that may have produced the very dry state of Venus today."

Venus, she added, is positively parched. If you took all the water on Earth and spread it over the planet like jam on toast, you'd get a liquid layer roughly 3 kilometers (1.9 miles) deep. If you did the same thing on Venus, where all the water is trapped in the air, you'd wind up with only 3 centimeters (1.2 inches), barely enough to get your toes wet.

"Venus has 100,000 times less water than the Earth, even though it's basically the same size and mass," said Michael Chaffin, co-lead author of the study and a research scientist at LASP.




In the current study, the researchers used computer models to understand Venus as a gigantic chemistry laboratory, zooming in on the diverse reactions that occur in the planet's swirling atmosphere. The group reports that a molecule called HCO+ (an ion made up of one atom each of hydrogen, carbon and oxygen) high in Venus' atmosphere may be the culprit behind the planet's escaping water.

For Cangi, co-lead author of the research, the findings reveal new hints about why Venus, which probably once looked almost identical to Earth, is all but unrecognizable today.

"We're trying to figure out what little changes occurred on each planet to drive them into these vastly different states," said Cangi, who earned her doctorate in astrophysical and planetary sciences at CU Boulder in 2023.

Spilling the water

Venus, she noted, wasn't always such a desert.

Scientists suspect that billions of year ago during the formation of Venus, the planet received about as much water as Earth. At some point, catastrophe struck. Clouds of carbon dioxide in Venus' atmosphere kicked off the most powerful greenhouse effect in the solar system, eventually raising temperatures at the surface to a roasting 900 degrees Fahrenheit. In the process, all of Venus' water evaporated into steam, and most drifted away into space.




But that ancient evaporation can't explain why Venus is as dry as it is today, or how it continues to lose water to space.

"As an analogy, say I dumped out the water in my water bottle. There would still be a few droplets left," Chaffin said.

On Venus, however, almost all of those remaining drops also disappeared. The culprit, according to the new work, is elusive HCO+.

Missions to Venus

Chaffin and Cangi explained that in planetary upper atmospheres, water mixes with carbon dioxide to form this molecule. In previous research, the researchers reported that HCO+ may be responsible for Mars losing a big chunk of its water.

Here's how it works on Venus: HCO+ is produced constantly in the atmosphere, but individual ions don't survive for long. Electrons in the atmosphere find these ions, and recombine to split the ions in two. In the process, hydrogen atoms zip away and may even escape into space entirely -- robbing Venus of one of the two components of water.

In the new study, the group calculated that the only way to explain Venus' dry state was if the planet hosted larger than expected volumes of HCO+ in its atmosphere. There is one twist to the team's findings. Scientists have never observed HCO+ around Venus. Chaffin and Cangi suggest that's because they've never had the instruments to properly look.

While dozens of missions have visited Mars in recent decades, far fewer spacecraft have traveled to the second planet from the sun. None have carried instruments capable of detecting the HCO+ that powers the team's newly discovered escape route.

"One of the surprising conclusions of this work is that HCO+ should actually be among the most abundant ions in the Venus atmosphere," Chaffin said.

In recent years, however, a growing number of scientists have set their sights on Venus. NASA's planned Deep Atmosphere Venus Investigation of Noble gases, Chemistry, and Imaging (DAVINCI) mission, for example, will drop a probe through the planet's atmosphere all the way to the surface. It's scheduled to launch by the end of the decade.

DAVINCI won't be able to detect HCO+, either, but the researchers are hopeful that a future mission might -- revealing another key piece of the story of water on Venus.

"There haven't been many missions to Venus," Cangi said. "But newly planned missions will leverage decades of collective experience and a flourishing interest in Venus to explore the extremes of planetary atmospheres, evolution and habitability."
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Participants of pioneering CRISPR gene editing trial see vision improve | ScienceDaily
About 79% of clinical trial participants experienced measurable improvement after receiving experimental, CRISPR-based gene editing that is designed to fix a rare form of blindness, according to a paper published today in the New England Journal of Medicine.


						
"This trial shows CRISPR gene editing has exciting potential to treat inherited retinal degeneration," said Mark Pennesi, M.D., Ph.D., a corresponding author on the paper, an ophthalmologist and Oregon Health & Science University's lead scientist for the Phase 1/2 BRILLIANCE trial. "There is nothing more rewarding to a physician than hearing a patient describe how their vision has improved after a treatment. One of our trial participants has shared several examples, including being able to find their phone after misplacing it and knowing that their coffee machine is working by seeing its small lights.

"While these types of tasks might seem trivial to those who are normally sighted, such improvements can have a huge impact on quality of life for those with low vision."

The BRILLIANCE trial evaluated the safety and effectiveness of EDIT-101, an experimental gene editing treatment developed by Editas Medicine that uses CRISPR technology. The experimental treatment was designed to edit a mutation in the CEP290 gene, which provides instructions to create a protein that is critical for sight.

People with this gene mutation have a rare condition that is commonly called Leber Congenital Amaurosis, or LCA, Type 10, for which there is currently no Food and Drug Administration-approved treatment. LCA's various types occur in about 2 or 3 out of 100,000 newborns.

The OHSU Casey Eye Institute treated the trial's first participant in early 2020. That procedure also marked the first time that CRISPR had been used to edit genes within the human body, called in vivo gene editing.

The new paper describes the study's findings through February 2023 and details how the trial's 14 participants -- 12 adults and two children -- responded to receiving EDIT-101 in one eye. Key results include:
    	11 participants, about 79%, showed improvement in at least one of four measured outcomes.
    	6 participants, about 43%, showed improvement in two or more outcomes.
    	6 participants, about 43%, reported improved vision-related quality of life.
    	4 participants, about 29%, had clinically meaningful improvement in visual acuity, or how well they could identify objects or letters on a chart.
    	There were no serious adverse events related to the treatment.
    	Most adverse events were mild or moderate, and all have since been resolved.

Four specific outcomes were used to evaluate the experimental treatment's effectiveness:
    	Visual acuity
    	How well participants saw colored points of light while looking into a specialized device, which scientists call a full-field test
    	How well participants navigated a research maze with physical objects and varying amounts of light
    	How much participants reported experiencing improved quality of life




Further research for a future treatment

In November 2022, trial sponsor Editas Medicine announced that it was pausing the trial's enrollment and would seek another partner to continue the experimental therapy's development. Pennesi and colleagues are exploring working with other commercial partners to conduct additional trials, in collaboration with Editas. The researchers hope future studies can examine ideal dosing, whether a treatment effect is more pronounced in certain age groups such as younger patients, and include refined endpoints to measure impacts on activities of daily living.

"This research demonstrates that CRISPR gene therapy for inherited vision loss is worth continued pursuit in research and clinical trials," said Mass Eye & Ear ophthalmologist Eric Pierce, M.D., Ph.D., who is also a corresponding author. "While more research is needed to determine who may benefit most, we consider the early results promising. To hear from several participants how thrilled they were that they could finally see the food on their plates -- that is a big deal. These were individuals who could not read any lines on an eye chart and who had no treatment options, which is the unfortunate reality for most people with inherited retinal disorders."

"Our patients are the first congenitally blind children to be treated with gene editing, which significantly improved their daytime vision," said the paper's third corresponding author, Tomas S. Aleman, M.D., a pediatric ophthalmologist at the Children's Hospital of Philadelphia and the University of Pennsylvania's Scheie Eye Institute. "Our hope is that the study will pave the road for treatments of younger children with similar conditions and further improvements in vision. This trial represents a landmark in the treatment of genetic disease, in specific genetic blindness, by offering important alternative treatment when traditional forms of therapy, such as gene augmentation, are not an option."

"The results from the BRILLIANCE trial provide proof of concept and important learnings for the development of new and innovative medicines for inherited retinal diseases. We've demonstrated that we can safely deliver a CRISPR-based gene editing therapeutic to the retina and have clinically meaningful outcomes," said Editas Medicine Chief Medical Officer Baisong Mei, M.D., Ph.D.

The OHSU Casey Eye Institute is one of five clinical sites that recruited participants for the trial. The other sites are: Bascom Palmer Eye Institute in Miami, Florida; Mass Eye and Ear in Boston, Massachusetts; Scheie Eye Institute at the University of Pennsylvania and Children's Hospital of Philadelphia; and Kellogg Eye Center in Ann Arbor, Michigan.
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Astronomers observe elusive stellar light surrounding ancient quasars | ScienceDaily
MIT astronomers have observed the elusive starlight surrounding some of the earliest quasars in the universe. The distant signals, which trace back more than 13 billion years to the universe's infancy, are revealing clues to how the very first black holes and galaxies evolved.


						
Quasars are the blazing centers of active galaxies, which host an insatiable supermassive black hole at their core. Most galaxies host a central black hole that may occasionally feast on gas and stellar debris, generating a brief burst of light in the form of a glowing ring as material swirls in toward the black hole.

Quasars, by contrast, can consume enormous amounts of matter over much longer stretches of time, generating an extremely bright and long-lasting ring -- so bright, in fact, that quasars are among the most luminous objects in the universe.

Because they are so bright, quasars outshine the rest of the galaxy in which they reside. But the MIT team was able for the first time to observe the much fainter light from stars in the host galaxies of three ancient quasars.

Based on this elusive stellar light, the researchers estimated the mass of each host galaxy, compared to the mass of its central supermassive black hole. They found that for these quasars, the central black holes were much more massive relative to their host galaxies, compared to their modern counterparts.

The findings, published today in the Astrophysical Journal, may shed light on how the earliest supermassive black holes became so massive despite having a relatively short amount of cosmic time in which to grow. In particular, those earliest monster black holes may have sprouted from more massive "seeds" than more modern black holes did.

"After the universe came into existence, there were seed black holes that then consumed material and grew in a very short time," says study author Minghao Yue, a postdoc in MIT's Kavli Institute for Astrophysics and Space Research. "One of the big questions is to understand how those monster black holes could grow so big, so fast."

"These black holes are billions of times more massive than the sun, at a time when the universe is still in its infancy," says study author Anna-Christina Eilers, assistant professor of physics at MIT. "Our results imply that in the early universe, supermassive black holes might have gained their mass before their host galaxies did, and the initial black hole seeds could have been more massive than today."




Eilers' and Yue's co-authors include MIT Kavli Director Robert Simcoe, MIT Hubble Fellow and postdoc Rohan Naidu, and collaborators in Switzerland, Austria, Japan, and at North Carolina State University.

Dazzling cores

A quasar's extreme luminosity has been obvious since astronomers first discovered the objects in the 1960s. They assumed then that the quasar's light stemmed from a single, star-like "point source." Scientists designated the objects "quasars," as a portmanteau of a "quasi-stellar" object. Since those first observations, scientists have realized that quasars are in fact not stellar in origin but emanate from the accretion of intensely powerful and persistent supermassive black holes sitting at the center of galaxies that also host stars, which are much fainter in comparison to their dazzling cores.

It's been extremely challenging to separate the light from a quasar's central black hole from the light of the host galaxy's stars. The task is a bit like discerning a field of fireflies around a central, massive searchlight. But in recent years, astronomers have had a much better chance of doing so with the launch of NASA's James Webb Space Telescope (JWST), which has been able to peer farther back in time, and with much higher sensitivity and resolution, than any existing observatory.

In their new study, Yue and Eilers used dedicated time on JWST to observe six known, ancient quasars, intermittently from the fall of 2022 through the following spring. In total, the team collected more than 120 hours of observations of the six distant objects.

"The quasar outshines its host galaxy by orders of magnitude. And previous images were not sharp enough to distinguish what the host galaxy with all its stars looks like," Yue says. "Now for the first time, we are able to reveal the light from these stars by very carefully modeling JWST's much sharper images of those quasars."

A light balance




The team took stock of the imaging data collected by JWST of each of the six distant quasars, which they estimated to be about 13 billion years old. That data included measurements of each quasar's light in different wavelengths. The researchers fed that data into a model of how much of that light likely comes from a compact "point source," such as a central black hole's accretion disk, versus a more diffuse source, such as light from the host galaxy's surrounding, scattered stars.

Through this modeling, the team teased apart each quasar's light into two components: light from the central black hole's luminous disk and light from the host galaxy's more diffuse stars. The amount of light from both sources is a reflection of their total mass. The researchers estimate that for these quasars, the ratio between the mass of the central black hole and the mass of the host galaxy was about 1:10. This, they realized, was in stark contrast to today's mass balance of 1:1,000, in which more recently formed black holes are much less massive compared to their host galaxies.

"This tells us something about what grows first: Is it the black hole that grows first, and then the galaxy catches up? Or is the galaxy and its stars that first grow, and they dominate and regulate the black hole's growth?" Eilers explains. "We see that black holes in the early universe seem to be growing faster than their host galaxies. That is tentative evidence that the initial black hole seeds could have been more massive back then."

"There must have been some mechanism to make a black hole gain their mass earlier than their host galaxy in those first billion years," Yue adds. "It's kind of the first evidence we see for this, which is exciting."
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New discoveries about Jupiter's magnetosphere | ScienceDaily
New discoveries about Jupiter could lead to a better understanding of Earth's own space environment and influence a long-running scientific debate about the solar system's largest planet.


						
"By exploring a larger space such as Jupiter, we can better understand the fundamental physics governing Earth's magnetosphere and thereby improve our space weather forecasting," said Peter Delamere, a professor at the UAF Geophysical Institute and the UAF College of Natural Science and Mathematics.

"We are one big space weather event from losing communication satellites, our power grid assets, or both," he said.

Space weather refers to disturbances in the Earth's magnetosphere caused by interactions between the solar wind and the Earth's magnetic field. These are generally associated with solar storms and the sun's coronal mass ejections, which can lead to magnetic fluctuations and disruptions in power grids, pipelines and communication systems.

Delamere and a team of co-authors detailed their findings about Jupiter's magnetosphere in a recent paper in AGU Advances. Geophysical Institute research associate professor Peter Damiano, UAF graduate student researchers Austin Smith and Chynna Spitler, and former student Blake Mino are among the co-authors.

Delamere's research shows that our solar system's largest planet has a magnetosphere consisting of largely closed magnetic field lines at its polar regions but including a crescent-shaped area of open field lines. The magnetosphere is the shield that some planets have that deflects much of the solar wind.

The debate over open versus closed at the poles has raged for more than 40 years.




An open magnetosphere refers to a planet having some open-ended magnetic field lines near its poles. These are previously closed lines that have been broken apart by the solar wind and left to extend into space without re-entering the planet.

This creates regions on Jupiter where the solar wind, which carries some of the sun's magnetic field lines, directly interacts with the planet's ionosphere and atmosphere.

Solar particles moving toward a planet on open field lines do not cause the aurora, which largely occurs on closed field lines. However, the energy and momentum of solar wind particles on open field lines does transfer to the closed system.

Earth has a largely open magnetosphere at its poles, with aurora occurring on closed field lines.. It is the transferred energy on those open lines that can disrupt power grids and communications.

In order to study Jupiter's magnetosphere, Delamere ran a variety of models using data acquired by the NASA Juno spacecraft, which entered Jupiter's orbit in 2016 and has an elliptical polar orbit.

"We never had data from the polar regions, so Juno has been transformative in terms of the planet's auroral physics and helping further the discussion about its magnetic field lines," Delamere said.




The debate began with the 1979 flybys of Jupiter by NASA's Voyager 1 and Voyager 2. That data led many to believe that the planet had a generally open magnetosphere at its poles.Other scientists argued that Jupiter's auroral activity, which is much different from Earth's, indicated the planet had a mostly closed magnetosphere at the poles. Delamere, a longtime researcher of Jupiter's magnetic field, published a paper supporting that view in 2010.

In 2021, he was a co-author on a paper by Binzheng Zhang of the University of Hong Kong that suggested through modeling that Jupiter's magnetosphere had two regions of open magnetic field lines at its poles. The model shows one set of open-ended field lines emerging from the poles and trailing outward behind the planet in the magnetotail, the narrow teardrop-shaped portion of the magnetosphere pointing away from the sun. The other set emerges from Jupiter's poles and goes off to the sides into space, carried by the solar wind.

"The Zhang result provided a plausible explanation for the open field line regions," Delamere said. "And this year we provided the compelling evidence in the Juno data to support the model result.

"It is a major validation of the Zhang paper," he said.

Delamere said it's important to study Jupiter to better understand Earth.

"In the big picture, Jupiter and Earth represent opposite ends of the spectrum -- open versus closed field lines," he said. "To fully understand magnetospheric physics, we need to understand both limits."

Delamere's evidence came via an instrument on the Juno spacecraft that revealed a polar area where ions flowed in a direction opposite Jupiter's rotation.

Subsequent modeling showed a similar ion flow in the same area -- and near the open field lines proposed in the 2021 paper by Zhang and Delamere.

"The ionized gas on [closed] magnetic field lines connected to Jupiter's northern and southern hemispheres rotates with the planet," Delamere's new paper concludes, "while ionized gas on [open] field lines that connect to the solar wind move with the solar wind."

Delamere writes that the polar location of open magnetic field lines "may represent a characteristic feature of rotating giant magnetospheres for future exploration."

Other contributors are from the University of Colorado Boulder, Johns Hopkins University, Andrews University, Embry-Riddle Aeronautical University, University of Hong Kong, University of Texas San Antonio, Southwest Research Institute and O.J. Brambles Consulting in the United Kingdom.

Delamere will present the research in July at the Conference on Magnetospheres of the Outer Planets at the University of Minnesota.
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Did a magnetic field collapse trigger the emergence of animals? | ScienceDaily
The Ediacaran Period, spanning from about 635 to 541 million years ago, was a pivotal time in Earth's history. It marked a transformative era during which complex, multicellular organisms emerged, setting the stage for the explosion of life.


						
But how did this surge of life unfold and what factors on Earth may have contributed to it?

Researchers from the University of Rochester have uncovered compelling evidence that Earth's magnetic field was in a highly unusual state when the macroscopic animals of the Ediacaran Period diversified and thrived. Their study, published in Nature Communications Earth & Environment, raises the question of whether these fluctuations in Earth's ancient magnetic field led to shifts in oxygen levels that may have been crucial to the proliferation of life forms millions of years ago.

According to John Tarduno, the William Kenan, Jr. Professor in the Department of Earth and Environmental Sciences, one of the most remarkable life forms during the Ediacaran Period was the Ediacaran fauna. They were notable for their resemblance to early animals -- some even reached more than a meter (three feet) in size and were mobile, indicating they probably needed more oxygen compared to earlier life forms.

"Previous ideas for the appearance of the spectacular Ediacaran fauna have included genetic or ecologic driving factors, but the close timing with the ultra-low geomagnetic field motivated us to revisit environmental issues, and, in particular, atmospheric and ocean oxygenation," says Tarduno, who is also the Dean of Research in the School of Arts & Sciences and the School of Engineering and Applied Sciences.

Earth's magnetic mysteries

About 1,800 miles below us, liquid iron churns in Earth's outer core, creating the planet's protective magnetic field. Though invisible, the magnetic field is essential for life on Earth because it shields the planet from solar wind -- streams of radiation from the sun. But Earth's magnetic field wasn't always as strong as it is today.




Researchers have proposed that an unusually low magnetic field might have contributed to the rise of animal life. However, it has been challenging to examine the link because of limited data about the strength of the magnetic field during this time.

Tarduno and his team used innovative strategies and techniques to examine the strength of the magnetic field by studying magnetism locked in ancient feldspar and pyroxene crystals from the rock anorthosite. The crystals contain magnetic particles that preserve magnetization from the time the minerals were formed. By dating the rocks, researchers can construct a timeline of the development of Earth's magnetic field.

Leveraging cutting-edge tools, including a CO2 laser and the lab's superconducting quantum interference device (SQUID) magnetometer, the team analyzed with precision the crystals and the magnetism locked within.

A weak magnetic field

Their data indicates that Earth's magnetic field at times during the Ediacaran Period was the weakest field known to date -- up to 30 times weaker than the magnetic field today -- and that the ultra-low field strength lasted for at least 26 million years.

A weak magnetic field makes it easier for charged particles from the sun to strip away lightweight atoms such as hydrogen from the atmosphere, causing them to escape into space. If hydrogen loss is significant, more oxygen may remain in the atmosphere instead of reacting with hydrogen to form water vapor. These reactions can lead to a buildup of oxygen over time.




The research conducted by Tarduno and his team suggests that during the Ediacaran Period, the ultraweak magnetic field caused a loss of hydrogen over at least tens of millions of years. This loss may have led to increased oxygenation of the atmosphere and surface ocean, enabling more advanced life forms to emerge.

Tarduno and his research team previously discovered that the geomagnetic field recovered in strength during the subsequent Cambrian Period, when most animal groups begin to appear in the fossil record, and the protective magnetic field was reestablished, allowing life to thrive.

"If the extraordinarily weak field had remained after the Ediacaran, Earth might look very different from the water-rich planet it is today: water loss might have gradually dried Earth," Tarduno says.

Core dynamics and evolution

The work suggests that understanding planetary interiors is crucial in contemplating the potential of life beyond Earth.

"It's fascinating to think that processes in Earth's core could be linked ultimately to evolution," Tarduno says. "As we think about the possibility of life elsewhere, we also need to consider how the interiors of planets form and develop."

This research was supported by the US National Science Foundation.
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Ice shelves fracture under weight of meltwater lakes | ScienceDaily
When air temperatures in Antarctica rise and glacier ice melts, water can pool on the surface of floating ice shelves, weighing them down and causing the ice to bend. Now, for the first time in the field, CIRES-led research shows that ice shelves don't just buckle under the weight of meltwater lakes -- they fracture. As the climate warms and melt rates in Antarctica increase, this fracturing could cause vulnerable ice shelves to collapse, allowing inland glacier ice to spill into the ocean and contribute to sea level rise.


						
"Ice shelves are extremely important for the Antarctic Ice Sheet's overall health as they act to buttress or hold back the glacier ice on land," said Alison Banwell, a CIRES scientist in the Earth Science and Observation Center (ESOC) and lead author of the study published today in the Journal of Glaciology. "Scientists have predicted and modeled that surface meltwater loading could cause ice shelves to fracture, but no one had observed the process in the field, until now."

The new work may help explain how the Larsen B Ice Shelf abruptly collapsed in 2002. In the months before its catastrophic breakup, thousands of meltwater lakes littered the ice shelf's surface, which then drained over just a few weeks.

To investigate the impacts of surface meltwater on ice shelf stability, Banwell and her colleagues from the University of Cambridge, University of Oxford, and University of Chicago traveled to the George VI Ice Shelf on the Antarctic Peninsula in November 2019. First, the team identified a depression or "doline" in the ice surface that had formed by a previous lake drainage event where they thought meltwater was likely to pool again on the ice. Then, they ventured out into the frigid landscape on snowmobiles, pulling all their science equipment and safety gear behind on sleds.

Around the doline, the team installed high-precision GPS stations to measure small changes in elevation at the ice's surface, water-pressure sensors to measure lake depth, and a timelapse camera system to capture images of the ice surface and meltwater lakes every 30 minutes.

In 2020, the COVID-19 pandemic brought their fieldwork to a screeching halt. When the team finally made it back to their field site in November 2021, only two GPS sensors and one timelapse camera remained; two other GPS and all water pressure sensors had been flooded and buried in solid ice. Fortunately, the surviving instruments captured the vertical and horizontal movement of the ice's surface and images of the meltwater lake that formed and drained during the record-high 2019/2020 melt season.

GPS data indicate that the ice in the center of the lake basin flexed downward about a foot in response to the increased weight from meltwater. That finding builds upon previous work led by Banwell that produced the first direct field measurements of ice shelf buckling caused by meltwater ponding and drainage.




The team also found that the horizontal distance between the edge and center of the meltwater lake basin increased by over a foot. This was most likely due to the formation and/or widening of circular fractures around the meltwater lake, which the timelapse imagery captured. Their results provide the first field-based evidence of ice shelf fracturing in response to a surface meltwater lake weighing down the ice.

"This is an exciting discovery," Banwell said. "We believe these types of circular fractures were key in the chain reaction style lake drainage process that helped to break up the Larsen B Ice Shelf."

The work supports modeling results that show the immense weight of thousands of meltwater lakes and subsequent draining caused the Larsen B Ice Shelf to bend and break, contributing to its collapse.

"These observations are important because they can be used to improve models to better predict which Antarctic ice shelves are more vulnerable and most susceptible to collapse in the future," Banwell said.
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Stretchable e-skin could give robots human-level touch sensitivity | ScienceDaily
A first-ever stretchy electronic skin could equip robots and other devices with the same softness and touch sensitivity as human skin, opening up new possibilities to perform tasks that require a great deal of precision and control of force.


						
The new stretchable e-skin, developed by researchers at The University of Texas at Austin, solves a major bottleneck in the emerging technology. Existing e-skin technology loses sensing accuracy as the material stretches, but that is not the case with this new version.

"Much like human skin has to stretch and bend to accommodate our movements, so too does e-skin," said Nanshu Lu, a professor in the Cockrell School of Engineering's Department of Aerospace Engineering and Engineering Mechanics who led the project. "No matter how much our e-skin stretches, the pressure response doesn't change, and that is a significant achievement."

The new research was published today in Matter.

Lu envisions the stretchable e-skin as a critical component to a robot hand capable of the same level of softness and sensitivity in touch as a human hand. This could be applied to medical care, where robots could check a patient's pulse, wipe the body or massage a body part.

Why is a robot nurse or physical therapist necessary? Around the world, millions of people are aging and in need of care, more than the global medical system can provide.

"In the future, if we have more elderly than available caregivers, it's going to be a crisis worldwide," Lu said. "We need to find new ways to take care of people efficiently and also gently, and robots are an important piece of that puzzle."

Beyond medicine, human-caring robots could be deployed in disasters. They could search for injured and trapped people in an earthquake or a collapsed building, for example, and apply on-the-spot care, such as administering CPR.




E-skin technology senses pressure from contact, letting the attached machine know how much force to use to, for example, grab a cup or touch a person. But, when conventional e-skin is stretched, it also senses that deformation. That reading creates additional noise that skews the sensors' ability to sense the pressure. That could lead to a robot using too much force to grab something.

In demonstrations, the stretchability allowed the researchers to create inflatable probes and grippers that could change shape to perform a variety of sensitive, touch-based tasks. The inflated skin-wrapped probe was used on human subjects to capture their pulse and pulse waves accurately. The deflated grippers can conformably hold on to a tumbler without dropping it, even when a coin is dropped inside. The device also pressed on a crispy taco shell without breaking it.

The key to this discovery is an innovative hybrid response pressure sensor that Lu and collaborators have been working on for years. While conventional e-skins are either capacitive or resistive, the hybrid response e-skin employs both responses to pressure. Perfecting these sensors, and combining them with stretchable insulating and electrode materials, enabled this e-skin innovation.

Lu -- who is also affiliated with the Department of Biomedical Engineering, the Chandra Family Department of Electrical and Computer Engineering, the Walker Department of Mechanical Engineering, and the Texas Materials Institute -- and her team are now working toward the potential applications. They are collaborating with Roberto Martin-Martin, assistant professor at the College of Natural Sciences' Computer Science Department to build a robotic arm equipped with the e-skin. The researchers and UT have filed a provisional patent application for the e-skin technology, and Lu is open to collaborating with robotics companies to bring it to market.

Other authors on the paper are Kyoung-Ho Ha and Sangjun Kim of the Walker Department of Engineering; Zhengjie Li, Heeyong Huh and Zheliang Wang of the Department of Aerospace Engineering and Engineering Mechanics; and Hongyang Shi, Charles Block and Sarnab Bhattacharya of the Chandra Family Department of Electrical and Computer Engineering. Ha is now a postdoctoral researcher at the Querrey Simpson Institute for Bioelectronics at Northwestern University, and Block is now a doctoral student at the University of Illinois at Urbana-Champaign's Department of Computer Science.
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'Gap' in carbon removal: Countries' plans to remove CO2 not enough | ScienceDaily
New research involving the University of East Anglia (UEA) suggests that countries' current plans to remove CO2 from the atmosphere will not be enough to comply with the 1.5 oC warming limit set out under the Paris Agreement.


						
Since 2010, the United Nations environmental organisation UNEP has taken an annual measurement of the emissions gap -- the difference between countries' climate protection pledges and what is necessary to limit global heating to 1.5 oC, or at least below 2 oC.

The UNEP Emissions Gap Reports are clear: climate policy needs more ambition. This new study now explicitly applies this analytical concept to carbon dioxide removal (CDR) -- the removal of the most important greenhouse gas, CO2, from the atmosphere.

The study, published today in the journal Nature Climate Change, was led by the Berlin-based Mercator Research Institute on Global Commons and Climate Change (MCC) and involved an international team of scientists.

"In the Emissions Gap Reports, carbon removals are only accounted for indirectly," said lead author Dr William Lamb, of the MCC Applied Sustainability Science working group.

"After all, the usual benchmark for climate protection pledges is net emissions, ie emissions minus removals. We are now making transparent the specific ambition gap in scaling up removals.

"This planetary waste management will soon place completely new requirements on policymakers and may even become a central pillar of climate protection in the second half of the century."

Co-author Dr Naomi Vaughan, of the Tyndall Centre for Climate Change Research at UEA, added: "Carbon dioxide removal methods have a small but vital role to play in achieving net zero and limiting the impacts of climate change.




"Our analysis shows that countries need more awareness, ambition and action on scaling up CDR methods together with deep emissions reductions to achieve the aspirations of the Paris Agreement."

According to the study, if national targets are fully implemented, annual human-induced carbon removals could increase by a maximum of 0.5 gigatonnes of CO2 (500 million tonnes) by 2030, and by a maximum of 1.9 gigatonnes by 2050.

This contrasts with the 5.1 gigatonne increase required in a 'focus scenario', which the research team depicts as typical from the latest Intergovernmental Panel on Climate Change (IPCC) assessment report.

There, global heating, calculated over the entire course of this century, is limited to 1.5 oC, and a particularly rapid expansion of renewable energies and reduction of fossil emissions is depicted as the core climate protection strategy.

But, the focus scenario still relies on scaling up carbon removals. The gap for the year 2050 is therefore at least 3.2 gigatonnes of CO2 (5.1 minus a maximum of 1.9).

An alternative focus scenario, also derived from the IPCC, assumes a significant reduction in global energy demand, due to politically initiated behaviour changes as the core element of climate protection strategy.




Here, carbon removals would increase by a more modest amount: 2.5 gigatonnes in 2050. Fully implemented national targets would be close to sufficient when compared to this scenario, with a gap in 2050 of 0.4 gigatonnes.

The research team points out the problem of sustainability limits in scaling up carbon removals; for example, the associated land area demand will come to jeopardise biodiversity and food security. Nevertheless, there is still plenty of room for designing fair and sustainable land management policies.

In addition, novel carbon removal options, such as air filter systems, or 'enhanced rock weathering', have hardly been promoted by politicians to date.

They currently only remove 0.002 gigatonnes of CO2 per year from the atmosphere, compared to 3 gigatonnes through conventional options such as afforestation, and they are unlikely to significantly increase by 2030. According to the scenarios, they must become more prevalent than conventional options by 2010.

Since only 40 countries have so far quantified their removal plans in their long-term low emissions development strategies, the study also draws on other national documents and best-guess assumptions.

"The calculation should certainly be refined," said Dr Lamb. "But our proposal using the focus scenarios further opens the discourse on how much carbon removal is necessary to meet the Paris Agreement.

"This much is clear: without a rapid reduction in emissions towards zero, across all sectors, the 1.5 oC limit will not be met under any circumstances."

'The carbon dioxide removal gap', Lamb, W, Gasser, T, Roman-Cuesta, R, Grassi, G, Gidden, M, Powis, C, Geden, O, Nemet, G, Pramata, Y, Riahi, K, Smith, S, Steinhauser, J, Vaughan, N, Smith, H, Minx, J, is published in Nature Climate Change on May 3.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240503111933.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists track 'doubling' in origin of cancer cells | ScienceDaily
Working with human breast and lung cells, Johns Hopkins Medicine scientists say they have charted a molecular pathway that can lure cells down a hazardous path of duplicating their genome too many times, a hallmark of cancer cells.


						
The findings, published May 3 in Science, reveal what goes wrong when a group of molecules and enzymes trigger and regulate what's known as the "cell cycle," the repetitive process of making new cells out of the cells' genetic material.

The findings could be used to develop therapies that interrupt snags in the cell cycle, and have the potential to stop the growth of cancers, the researchers suggest.

To replicate, cells follow an orderly routine that begins with making a copy of their entire genome, followed by separating the genome copies, and finally, dividing the replicated DNA evenly into two "daughter" cells.

Human cells have 23 pairs of each chromosome -- half from the mother and half from the father, including the sex chromosomes X and Y -- or 46 total, but cancer cells are known to go through an intermediate state that has double that number -- 92 chromosomes. How this happens was a mystery.

"An enduring question among scientists in the cancer field is: How do cancer cell genomes get so bad?" says Sergi Regot, Ph.D., associate professor of molecular biology and genetics at the Johns Hopkins University School of Medicine. "Our study challenges the fundamental knowledge of the cell cycle and makes us reevaluate our ideas about how the cycle is regulated."

Regot says cells that are stressed after copying the genome can enter a dormant, or senescent stage, and mistakenly run the risk of copying their genome again.




Generally and eventually, these dormant cells are swept away by the immune system after they are "recognized" as faulty. However, there are times, especially as humans age, when the immune system can't clear the cells. Left alone to meander in the body, the abnormal cells can replicate their genome again, shuffle the chromosomes at the next division, and a growing cancer begins.

In an effort to pin down details of the molecular pathway that goes awry in the cell cycle, Regot and graduate research assistant Connor McKenney, who led the Johns Hopkins team, focused on human cells that line breast ducts and lung tissue. The reason: These cells generally divide at a more rapid pace than other cells in the body, increasing the opportunities to visualize the cell cycle.

Regot's lab specializes in imaging individual cells, making it especially suited to spot the very small percentage of cells that don't enter the dormant stage and continue replicating their genome.

For this new study, the team scrutinized thousands of images of single cells as they went through cell division. The researchers developed glowing biosensors to tag cellular enzymes called cyclin dependent kinases (CDKs), known for their role in regulating the cell cycle.

They saw that a variety of CDKs activated at different times during the cell cycle. After the cells were exposed to an environmental stressor, such as a drug that disrupts protein production, UV radiation or so-called osmotic stress (a sudden change in water pressure around cells), the researchers saw that CDK 4 and CDK 6 activity decreased.

Then, five to six hours later, when the cells started preparations to divide, CDK 2 was also inhibited. At that point, a protein complex called the anaphase promoting complex (APC) was activated during the phase just before the cell pulls apart and divides, a step called mitosis.




"In the stressed environment in the study, APC activation occurred before mitosis, when it's usually been known to activate only during mitosis," says Regot.

About 90% of breast and lung cells leave the cell cycle and enter a quiet state when exposed to any environmental stressors.

In their experimental cells, not all of the cells went quiet.

The research team watched as about 5% to 10% of the breast and lung cells returned to the cell cycle, dividing their chromosomes again.

Through another series of experiments, the team linked an increase in activity of so-called stress activated protein kinases to the small percentage of cells that skirt the quiet stage and continue to double their genome.

Regot says there are ongoing clinical trials testing DNA-damaging agents with drugs that block CDK. "It's possible that the combination of drugs may spur some cancer cells to duplicate their genome twice and generate the heterogeneity that ultimately confers drug resistance," says Regot.

"There may be drugs that can block APC from activating before mitosis to prevent cancer cells from replicating their genome twice and prevent tumor stage progression," says Regot.

Other researchers who contributed to the study include Yovel Lendner, Adler Guerrero-Zuniga, Niladri Sinha, Benjamin Veresko and Timothy Aikin from Johns Hopkins.

Funding for the study was provided by the National Institutes of Health National Institute of General Medical Sciences (T32-GM007445, 1R35GM133499) and National Cancer Institute (1R01CA279546), the National Science Foundation and the American Cancer Society.
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Sugar-based catalyst upcycles carbon dioxide | ScienceDaily
A new catalyst made from an inexpensive, abundant metal and common table sugar has the power to destroy carbon dioxide (CO2) gas.


						
In a new Northwestern University study, the catalyst successfully converted CO2 into carbon monoxide (CO), an important building block to produce a variety of useful chemicals. When the reaction occurs in the presence of hydrogen, for example, CO2 and hydrogen transform into synthesis gas (or syngas), a highly valuable precursor to producing fuels that can potentially replace gasoline.

With recent advances in carbon capture technologies, post-combustion carbon capture is becoming a plausible option to help tackle the global climate change crisis. But how to handle the captured carbon remains an open-ended question. The new catalyst potentially could provide one solution for disposing the potent greenhouse gas by converting it into a more valuable product.

The study will be published in the May 3 issue of the journal Science.

"Even if we stopped emitting CO2 now, our atmosphere would still have a surplus of CO2 as a result of industrial activities from the past centuries," said Northwestern's Milad Khoshooei, who co-led the study. "There is no single solution to this problem. We need to reduce CO2 emissions and find new ways to decrease the CO2 concentration that is already in the atmosphere. We should take advantage of all possible solutions."

"We're not the first research group to convert CO2 into another product," said Northwestern's Omar K. Farha, the study's senior author. "However, for the process to be truly practical, it necessitates a catalyst that fulfills several crucial criteria: affordability, stability, ease of production and scalability. Balancing these four elements is key. Fortunately, our material excels in meeting these requirements."

An expert in carbon capture technologies, Farha is the Charles E. and Emma H. Morrison Professor of Chemistry at Northwestern's Weinberg College of Arts and Sciences. After starting this work as a Ph.D. candidate at the University of Calgary in Canada, Khoshooei now is a postdoctoral fellow in Farha's laboratory.




Solutions from the pantry

The secret behind the new catalyst is molybdenum carbide, an extremely hard ceramic material. Unlike many other catalysts that require expensive metals, such as platinum or palladium, molybdenum is an inexpensive, non-precious, Earth-abundant metal.

To transform molybdenum into molybdenum carbide, the scientists needed a source of carbon. They discovered a cheap option in an unexpected place: the pantry. Surprisingly, sugar -- the white, granulated kind found in nearly every household -- served as an inexpensive, convenient source of carbon atoms.

"Every day that I tried to synthesize these materials, I would bring sugar to the lab from my home," Khoshooei said. "When compared to other classes of materials commonly used for catalysts, ours is incredibly inexpensive."

Successfully selective and stable

When testing the catalyst, Farha, Khoshooei and their collaborators were impressed by its success. Operating at ambient pressures and high temperatures (300-600 degrees Celsius), the catalyst converted CO2 into CO with 100% selectivity.




High selectivity means that the catalyst acted only on the CO2 without disrupting surrounding materials. In other words, industry could apply the catalyst to large volumes of captured gases and selectively target only the CO2. The catalyst also remained stable over time, meaning that it stayed active and did not degrade.

"In chemistry, it's not uncommon for a catalyst to lose its selectivity after a few hours," Farha said. "But, after 500 hours in harsh conditions, its selectivity did not change."

This is particularly remarkable because CO2 is a stable -- and stubborn -- molecule.

"Converting CO2 is not easy," Khoshooei said. "CO2 is a chemically stable molecule, and we had to overcome that stability, which takes a lot of energy."

Tandem approach to carbon clean-up

Developing materials for carbon capture is a major focus of Farha's laboratory. His group develops metal-organic frameworks (MOFs), a class of highly porous, nano-sized materials that Farha likens to "sophisticated and programmable bath sponges." Farha explores MOFs for diverse applications, including pulling CO2directly from the air.

Now, Farha says MOFs and the new catalyst could work together to play a role in carbon capture and sequestration.

"At some point, we could employ a MOF to capture CO2, followed by a catalyst converting it into something more beneficial," Farha suggested. "A tandem system utilizing two distinct materials for two sequential steps could be the way forward."

"This could help us answer the question: 'What do we do with captured CO2?'" Khoshooei added. "Right now, the plan is to sequester it underground. But underground reservoirs must meet many requirements in order to safely and permanently store CO2. We wanted to design a more universal solution that can be used anywhere while adding economic value."

The study, "An active, stable cubic molybdenum carbide catalyst for the high-temperature reverse water-gas shift reaction," was supported by the U.S. Department of Energy, the National Science Foundation and the Natural Sciences and Engineering Research Council of Canada.
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        Fluidic systems resembling blood vascular tissues: Artificial blood vessels and biomedicine
        Nature has consistently inspired engineering applications. Recently, a group of researchers drew new inspirations from the vascular network and developed a new type of fluidic system named VasFluidics.

      

      
        An epigenome editing toolkit to dissect the mechanisms of gene regulation
        A recent study led to the development of a powerful epigenetic editing technology. The system unlocks the ability to precisely program chromatin modifications at any specific position in the genome, to understand their causal role in transcription regulation. This innovative approach will help to investigate the role of chromatin modifications in many biological processes, and to program desired gene activity responses, which may prove useful in disease settings.

      

      
        How biological aging clocks tick
        Aging clocks can measure the biological age of humans with high precision. Biological age can be influenced by environmental factors such as smoking or diet, thus deviating from the chronological age that is calculated using the date of birth. The precision of these aging clocks suggests that the aging process follows a program. Scientists have now discovered that aging clocks actually measure the increase in stochastic changes in cells.

      

      
        'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones
        Researchers lay out the need for design safety protocols that prevent the emerging 'digital afterlife industry' causing social and psychological harm.

      

      
        Neuropathy very common, underdiagnosed
        Neuropathy, the nerve damage that causes pain and numbness in the feet and hands and can eventually lead to falls, infection and even amputation, is very common and underdiagnosed, according to a new study.

      

      
        New insight into genesis of spina bifida
        Spina bifida is the most common structural disorder of the human nervous system. The causes are largely unknown, but a new study points to a link involving a chromosomal microdeletion -- and also underscores the value of folic acid as a preventive measure.

      

      
        'Wraparound' implants represent new approach to treating spinal cord injuries
        A tiny, flexible electronic device that wraps around the spinal cord could represent a new approach to the treatment of spinal injuries, which can cause profound disability and paralysis. A team of engineers, neuroscientists and surgeons developed the devices and used them to record the nerve signals going back and forth between the brain and the spinal cord. Unlike current approaches, the new devices can record 360-degree information, giving a complete picture of spinal cord activity.

      

      
        Strengthening CAR-T therapy to work against solid tumors
        Researchers have shown that a breakthrough therapy for treating blood cancers can be adapted to treat solid tumors -- an advance that could transform cancer treatment. The promising findings involve CAR-T cell therapy, which supercharges the immune system to identify and attack cancer cells.

      

      
        Exercise, new drug class recommended for management of hypertrophic cardiomyopathy
        Experts released a new clinical guideline for effectively managing individuals diagnosed with hypertrophic cardiomyopathy (HCM). The guideline reiterates the importance of collaborative decision-making with patients who have HCM and provides updated recommendations for the most effective treatment pathways for adult and pediatric patients.

      

      
        Teens who view their homes as more chaotic than their siblings have poorer mental health in adulthood
        Adolescents who view their households as more unstructured, disorganized, or hectic than their siblings develop more mental health and behavioral problems in early adulthood, according to new research.

      

      
        A tailored vaccine could one day treat eczema in children
        New research suggests a 'tailored vaccine' might hold the key to treating bacteria-driven flares of eczema in children. The team has taken several leaps forward in understanding how the immune response works in cases of eczema driven by the common, troublesome Staphylococcus aureus bacterium, and in doing so they have identified new cellular targets for a vaccine.

      

      
        New study finds AI-generated empathy has its limits
        Conversational agents (CAs) such as Alexa and Siri are designed to answer questions, offer suggestions -- and even display empathy. However, new research finds they do poorly compared to humans when interpreting and exploring a user's experience.

      

      
        New guidelines for depression care emphasize patient-centred approach
        Psychiatrists and mental health professionals have a new standard for managing major depression, thanks to refreshed clinical guidelines.

      

      
        Children sleep problems associated with psychosis in young adults
        Children who experience chronic lack of sleep from infancy may be at increased risk of developing psychosis in early adulthood, new research shows.

      

      
        Researchers say future is bright for treating substance abuse through mobile health technologies
        Despite the high prevalence of substance abuse and its often devastating outcomes, especially among disadvantaged populations, few Americans receive treatment for substance use disorders. However, the rise of mobile health technologies can make treatments more accessible.

      

      
        Damaging impact of heat waves on vital organs
        Researchers have found evidence of the molecular causes of the damaging impact heat stress causes on the gut, liver and brain in the elderly. These findings point to the potential of developing precise prognostic and therapeutic interventions.

      

      
        An adjuvant made in yeast could lower vaccine cost and boost availability
        Adjuvants make vaccines more effective, though one of the best is an expensive extract from the soap bark tree. To lower the cost and avoid the laborious extraction process from bark, synthetic biologists introduced 38 separate genes into yeast to recreate the synthesis of the active molecule, a complex chemical, QS-21, that has a terpene core and numerous sugars. This may be the longest biosynthetic pathway ever inserted into yeast.

      

      
        New target for potential leukemia therapy
        Investigators discovered that a subset of myeloid and lymphoid leukemias depend on a molecular complex called PI3Kgamma for survival. The study provides both mechanistic and preclinical evidence supporting the rapid initiation of clinical trials for patients with acute myeloid leukemia (AML) to test an existing medicine that inhibits the complex, called eganelisib, both alone and in combination with the most used AML chemotherapy, cytarabine.

      

      
        Faster approach for starting extended-release naltrexone to treat opioid use disorder shown effective
        Starting people with opioid use disorder on extended-release, injectable naltrexone (XR-naltrexone) within five to seven days of seeking treatment is more effective than the standard treatment method of starting within 10-15 days, but requires closer medical supervision, according to results from a clinical trial. The findings suggest that this rapid treatment protocol could make XR-naltrexone more viable as a treatment option for opioid use disorder, which continues to take lives at an alarming ...

      

      
        More than 321,000 U.S. children lost a parent to drug overdose from 2011 to 2021
        An estimated 321,566 children in the United States lost a parent to drug overdose from 2011 to 2021, according to a new study. The rate of children who experienced this loss more than doubled during this period, from approximately 27 to 63 children per 100,000. The highest number of affected children were those with non-Hispanic white parents, but communities of color and tribal communities were disproportionately affected.

      

      
        Childhood maltreatment responsible for up to 40 percent of mental health conditions
        A study has found the widespread impact of child abuse and neglect, with analysis suggesting they cause nearly half of common mental conditions. Researchers say childhood maltreatment should be treated as a public health priority.

      

      
        How psychedelic drugs interact with serotonin receptors to potentially produce therapeutic benefits
        Researchers have shed valuable light on the complex mechanisms by which a class of psychedelic drugs binds to and activates serotonin receptors to produce potential therapeutic effects in patients with neuropsychiatric disorders such as depression and anxiety.

      

      
        Pressure to be 'perfect' causing burnout for parents, mental health concerns for their children
        Is the status of 'perfect parent' attainable? Researchers leading a national dialogue about parental burnout say 'no,' and a new study finds that pressure to try to be 'perfect' leads to unhealthy impacts on both parents and their children.

      

      
        Gene linked to learning difficulties has direct impact on learning and memory
        A gene previously linked to intellectual disability has been found to regulate learning and memory in mice.

      

      
        'Mathematical microscope' reveals novel, energy-efficient mechanism of working memory that works even during sleep
        Researchers have discovered a mechanism that creates memories while reducing metabolic cost, even during sleep. This efficient memory occurs in a part of the brain that is crucial for learning and memory, and where Alzheimer's disease begins.

      

      
        Natural compounds that selectively kill parasites
        An international team has found a family of natural compounds with potential as new and more effective treatments for parasitic worms. The compounds stall the unique metabolic process that worms use to survive in the human gut.

      

      
        THC lingers in breastmilk with no clear peak point
        When breastfeeding mothers in a recent study used cannabis, its psychoactive component THC showed up in the milk they produced. The research also found that, unlike alcohol, when THC was detected in milk there was no consistent time when its concentration peaked and started to decline. Importantly, the researchers discovered that the amount of THC they detected in milk was low -- they estimated that infants received an average of 0.07 mg of THC per day. For comparison, a common low-dose edible co...

      

      
        Could getting enough sleep help prevent osteoporosis?
        In people's early- to mid-20s, they reach what is called peak bone mineral density, which is higher for men than it is for women, according to researchers. This peak is one of the main determinants of fracture risk later in life. After reaching this peak, a person's bone density remains roughly stable for a couple of decades. Then, when women enter the menopausal transition, they experience accelerated bone loss. Men also experience bone density decline as they age. Sleep patterns also evolve ove...

      

      
        Emergency department packed to the gills? Someday, AI may help
        Emergency departments nationwide are overcrowded and overtaxed, but a new study suggests artificial intelligence (AI) could one day help prioritize which patients need treatment most urgently.

      

      
        AI predicts tumor-killing cells with high accuracy
        Using artificial intelligence, scientists have developed a powerful predictive model for identifying the most potent cancer killing immune cells for use in cancer immunotherapies.

      

      
        Biomarker found to help identify cells that can repair damaged blood vessels
        Researchers have discovered a protein marker to help identify cells able to repopulate in patients with damaged blood vessels. Their findings could lead to new therapies for people with endothelial dysfunction, a type of disorder that contributes to coronary artery disease that may occlude with plaque and lack ability to carry sufficient blood into the heart tissue causing a heart attack.

      

      
        Chimps learn and improve tool-using skills even as adults, study finds
        Chimpanzees continue to learn and hone their skills well into adulthood, a capacity that might be essential for the evolution of complex and varied tool use, according to a new study.

      

      
        Sedentary lifestyle puts strain on young hearts
        According to a recent study, high levels of sedentary behavior and physical inactivity from childhood strain the heart in adolescence. High cardiac workload predicts heart failure and other heart diseases. In light of the findings, increasing moderate and vigorous physical activity from childhood onwards is particularly important in preventing heart diseases.

      

      
        Years after his death, late scientist's work could yield new cancer treatments
        Recent reproductive research has opened the door for new treatments for solid cancer tumors, including breast cancer, lung cancer and melanoma.

      

      
        US geographic region results in vastly different anal cancer risk for people with HIV
        For people with HIV, the risk of anal cancer varies according to their geographic region.

      

      
        Intermittent fasting protects against liver inflammation and liver cancer
        Fatty liver disease often leads to chronic liver inflammation and can even result in liver cancer. Scientists have now shown in mice that intermittent fasting on a 5:2 schedule can halt this development. The fasting regime reduces the development of liver cancer in mice with pre-existing liver inflammation. The researchers identified two proteins in liver cells that are jointly responsible for the protective effect of fasting. An approved drug can partially mimic this effect.

      

      
        Seeking medical insights in the physics of mucus
        Understanding how mucus changes, and what it changes in response to, can help diagnose illnesses and develop treatments. Researchers develop a system to grow mucus-producing intestinal cells and study the characteristics of the mucus in different conditions. The process involves growing a layer of intestinal cells on a laboratory plate exposed to air. These cells produce a layer of mucus that the researchers can easily access for testing. Using a magnetic wire, they can measure the consistency of...

      

      
        Study sheds light on cancer cell 'tug-of-war'
        Researchers used a breast cancer cell line panel and primary tumor explants from breast and cervical cancer patients to examine two different cellular contractility modes: one that generates collective tissue surface tension that keeps cell clusters compact and another, more directional, contractility that enables cells to pull themselves into the extracellular matrix. They found that more aggressive cells pull more strongly on the ECM than on themselves while noninvasive cells pull more strongly...

      

      
        Fruit fly model identifies key regulators behind organ development
        A new computational model simulating fruit fly wing development has enabled researchers to identify previously hidden mechanisms behind organ generation. An research team developed a fruit fly model to reverse engineer the mechanisms that generate organ tissue.

      

      
        A new mother's immune status varies with her feeding strategy
        In one of the first studies of its kind, UC Santa Barbara researchers have found that the immune status of postpartum mothers shifts with how she feeds her baby. Certain inflammatory proteins -- substances that are secreted as part of an immune response -- peak at different times of day, correlating with whether the mothers breastfeed, pump or formula-feed their babies.

      

      
        Genetics, not lack of oxygen, causes cerebral palsy in quarter of cases
        The world's largest study of cerebral palsy (CP) genetics has discovered genetic defects are most likely responsible for more than a quarter of cases in Chinese children, rather than a lack of oxygen at birth as previously thought.

      

      
        New device that emits magnetic field may offer hope for treating depression
        In an exploratory clinical trial, four male patients diagnosed with major depressive disorder underwent eight weeks of treatment with a device that generates a low-frequency ultralow magnetic field environment (ELF-ELME). An improvement in depressive symptoms was observed, with no adverse effects, among all patients. If the efficacy of the device can be confirmed in larger clinical trials with a control group, this therapy could serve as an alternative treatment for patients who do not want to ta...

      

      
        Progression of herpesvirus infection remodels mitochondrial organization and metabolism
        Researchers have found that herpesvirus infection modifies the structure and normal function of the mitochondria in the host cell. The new information will help to understand the interaction between herpesvirus and host cells. Knowledge can be utilized in the development of viral treatments.

      

      
        How a 'conductor' makes sense of chaos in early mouse embryos
        The earliest stages of mammalian embryo development are like an orchestra performance, where everyone must play at the exact right moment and in perfect harmony. New research identifies one of the conductors making sense of the chaos.

      

      
        Scientists cooked pancakes, Brussels sprouts, and stir fry to detect an oxidant indoors
        A feast cooked up has revealed singlet oxygen, an oxidant, indoors. Oxidants can be beneficial -- ozone in the stratosphere is one example -- but can also cause stress to our lungs, contributing to the development of cancer, diabetes, and heart disease in the long term.

      

      
        Small pump for kids awaiting heart transplant shows promise
        A new type of surgically implanted pump that can support a child's failing heart has passed the first stage of human testing in a recent trial.

      

      
        First effective treatment found for spitting cobra snakebite
        Scientists have discovered a new snakebite treatment to prevent the devastating tissue damage caused by African spitting cobra venom. Spitting cobra venom is incredibly potent and causes dermonecrosis, which presents as rapid destruction of skin, muscle and bone around the site of the snakebite, and can lead to permanent injuries and disfigurements, including limb loss and amputations in extreme cases. Using the repurposed small molecule drug varespladib to block one of the two major dermonecrosi...

      

      
        Breakthrough paves the way for next generation of vision implants
        A group of researchers have created an exceptionally small implant, with electrodes the size of a single neuron that can also remain intact in the body over time -- a unique combination that holds promise for future vision implants for the blind.

      

      
        New study finds increase in exposures to synthetic tetrahydrocannabinols among young children, teens, and adults
        A sharp rise in exposures to synthetic cannabis products among youth -- some leading to hospitalization -- highlights the need for increased education around the dangers of exposure and increased focus on safe storage and packaging.

      

      
        Researchers use foundation models to discover new cancer imaging biomarkers
        Researchers have harnessed the technology behind foundation models, which power tools like ChatGPT, to discover new cancer imaging biomarkers that could transform how patterns are identified from radiological images. Improved identification of such patterns can greatly impact the early detection and treatment of cancer.
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Fluidic systems resembling blood vascular tissues: Artificial blood vessels and biomedicine | ScienceDaily
The fluidic system can modulate fluid compositions via spatially-different reactions between fluids and channel walls, something that has not yet been realised in traditional fluidic systems. This work was conducted by the research team of Professor Anderson Ho Cheung Shum's Microfluidics and Soft Matter Team in the Department of Mechanical Engineering of the Faculty of Engineering. This discovery has been published in Nature Communications, titled "Vascular network-inspired fluidic system (VasFluidics) with spatially functionalisable membranous walls."


						
"The brilliant control over blood compositions in vessels is remarkable and essential, inspiring us to think about how to design new fluidic systems," shared Yafeng Yu, the first author of the research project.

The blood vascular network, a natural fluidic system, inspired the research. "Guided" by the vascular network, Professor Shum's team developed VasFluidics, a fluidic system with functionalisable membrane walls. Similar to blood vessel walls, the walls of VasFluidic channels are thin, soft, and capable of changing liquid compositions via physical or chemical means.

This study demonstrates the power of VasFluidics in fluid processing. After separated channel regions are deposited with solutions or coated with enzymes, some regions of the VasFluidic channels physically allow specific molecules to pass through the channel walls, while some chemically change liquid compositions. The results are reminiscent of glucose adsorption and metabolism processes in the human body.

"VasFluidics is quite different from the traditional fluidic systems. Channel walls of traditional devices are typically impermeable, and cannot work like real tissues to 'communicate' with fluids inside or outside the channel for fluid modulation." Yafeng Yu explained.

The reported technique combines 3D printing and self-assembly of soft materials. The research group prints one liquid within another immiscible liquid, assembling soft membranes on the liquid-liquid interface. Besides microfluidics-related research, Professor Shum's group also focuses on soft material assembly on the liquid interface. The theoretical and experimental basis of soft materials in their previous research paves the way for fabricating VasFluidic devices.

"VasFluidics has promising applications, especially for designing microtubule structures and bioinks. So it has great potential to be combined with cell engineering to develop artificial blood vessel models, which are expected to be used in biomedical applications, such as organ-on-chip and organoids," said Dr Yi Pan, a contributor to this research, previously a PhD student in Professor Shum's group, and currently an Associate Professor of the College of Medicine at the Southwest Jiaotong University.




Dr Wei Guo, another contributor to this research and a Research Assistant Professor in Professor Shum's group, added: "Apart from the scientific merits and potential biomedical applications of this work, it also sparks our imagination. The vascular tissue of the human body, an efficient transport system, has been refined over millions of years of evolution. By demonstrating the potential of synthetic systems like VasFluidics to reconstruct vascular tissue, this research represents a substantial advancement in our efforts to mimic and harness the extraordinary capabilities of nature's most precise and efficient systems."

Professor Shum's team has been focusing on cutting-edge microfluidic techniques to push the envelope in precise (bio)liquid control and efficient (bio)liquid sample analysis. Despite their progress in microfluidics-assisted biomedical applications, the research team refused to just settle on the traditional setups. By exploring and realising the potential of microfluidics for more efficient biofluid processing and analysis, the team realises that new paradigms in designing and fabricating fluidic devices are needed.

"Our long-term goal is to utilise microfluidics to develop ultra-sensitive analysis of human body fluids, to assist precision medicine against diseases, and to benefit human health." Professor Shum said.

Professor Shum foresees that the VasFluidics system will pioneer biomimetic platforms with complex fluid manipulation. "Potential biomedical applications are boundless. Examples are in-vitro modelling of biological fluid mechanics, biomolecule synthesis, drug screening, and disease modelling in organ-on-chips." He said.
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An epigenome editing toolkit to dissect the mechanisms of gene regulation | ScienceDaily
Understanding how genes are regulated at the molecular level is a central challenge in modern biology. This complex mechanism is mainly driven by the interaction between proteins called transcription factors, DNA regulatory regions, and epigenetic modifications -- chemical alterations that change chromatin structure. The set of epigenetic modifications of a cell's genome is referred to as the epigenome.


						
In a study just published in Nature Genetics, scientists from the Hackett Group at EMBL Rome have developed a modular epigenome editing platform -- a system to program epigenetic modifications at any location in the genome. The system allows scientists to study the impact of each chromatin modification on transcription, the mechanism by which genes are copied into mRNA to drive protein synthesis.

Chromatin modifications are thought to contribute to the regulation of key biological processes such as development, response to environmental signals, and disease.

To understand the effects of specific chromatin marks on gene regulation, previous studies have mapped their distribution in the genomes of healthy and diseased cell types. By combining this data with gene expression analysis and the known effects of perturbing specific genes, scientists have ascribed functions to such chromatin marks.

However, the causal relationship between chromatin marks and gene regulation has proved difficult to determine. The challenge lies in dissecting the individual contributions of the many complex factors involved in such regulation -- chromatin marks, transcription factors, and regulatory DNA sequences.

Scientists from the Hackett Group developed a modular epigenome editing system to precisely program nine biologically important chromatin marks at any desired region in the genome. The system is based on CRISPR -- a widely used genome editing technology that allows researchers to make alterations in specific DNA locations with high precision and accuracy.

Such precise perturbations enabled them to carefully dissect cause-and-consequence relationships between chromatin marks and their biological effects. The scientists also designed and employed a 'reporter system', which allowed them to measure changes in gene expression at single-cell level and to understand how changes in the DNA sequence influence the impact of each chromatin mark. Their results reveal the causal roles of a range of important chromatin marks in gene regulation.

For example, the researchers found a new role for H3K4me3, a chromatin mark that was previously believed to be a result of transcription. They observed that H3K4me3 can actually increase transcription by itself if artificially added to specific DNA locations. "This was an extremely exciting and unexpected result that went against all our expectations," said Cristina Policarpi, postdoc in the Hackett Group and leading scientist of the study. "Our data point towards a complex regulatory network, in which multiple governing factors interact to modulate the levels of gene expression in a given cell. These factors include the pre-existing structure of the chromatin, the underlying DNA sequence, and the location in the genome."

Hackett and colleagues are currently exploring avenues to leverage this technology through a promising start-up venture. The next step will be to confirm and expand these conclusions by targeting genes across different cell types and at scale. How chromatin marks influence transcription across the diversity of genes and downstream mechanisms, also remains to be clarified.

"Our modular epigenetic editing toolkit constitutes a new experimental approach to dissect the reciprocal relationships between the genome and epigenome," said Jamie Hackett, Group Leader at EMBL Rome. "The system could be used in the future to more precisely understand the importance of epigenomic changes in influencing gene activity during development and in human disease. On the other hand, the technology also unlocks the ability to program desired gene expression levels in a highly tunable manner. This is an exciting avenue for precision health applications and may prove useful in disease settings."
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How biological aging clocks tick | ScienceDaily
Aging clocks can measure the biological age of humans with high precision. Biological age can be influenced by environmental factors such as smoking or diet, thus deviating from the chronological age that is calculated using the date of birth. The precision of these aging clocks suggests that the aging process follows a programme. Scientists David Meyer and Professor Dr Bjorn Schumacher at CECAD, the Cluster of Excellence Cellular Stress Responses in Aging-Associated Diseases of the University of Cologne, have now discovered that aging clocks actually measure the increase in stochastic changes in cells. The study 'Aging clocks based on accumulating stochastic variation' has been published in Nature Aging.


						
"Aging is triggered when the building blocks in our cells become damaged. Where this damage occurs is for the most part random. Our work combines the accuracy of aging clocks with the accumulation of entirely stochastic changes in our cells," said Professor Schumacher.

Less checks, more noise

With increasing age, controlling the processes that occur in our cells becomes less effective, resulting in more stochastic results. This is particularly evident in the accumulation of stochastic changes in DNA methylation. Methylation refers to the chemical changes that affect DNA, the genome's building blocks. These methylation processes are strictly regulated within the body. However, during the course of one's life, random changes occur in the methylation patterns. The accumulation of variation is a highly accurate indicator of a person's age.

The loss of control over the cells and the increase in stochastic variation is not restricted to DNA methylation. Meyer and Schumacher demonstrate that the increase in stochastic variations also in the gene activity can be used as an aging clock. "In principle it would be feasible to take this even further, allowing the stochastic variations in any process in the cell to predict age," Schumacher said. According to the authors, it is above all crucial to ascertain if such aging clocks can show the success of interventions that slow the aging process or harmful factors that accelerate aging.

Using the available datasets, the scientists showed that smoking increases the random changes in humans and that 'anti-aging' interventions such as lower calorie intake in mice reduces the variation in methylation patterns. They also showed that the stochastic noise is even reversible by means of reprogramming body cells to stem cells. The scientists compared human fibroblasts from the skin that were reprogrammed into stem cells and as a result of the reprogramming are rejuvenating. The high variation indicative of the age of the body cells was indeed reversed to the low stochastic noise of young stem cells.

Meyer and Schumacher hope that their findings on loss of regulation and the accumulating stochastic variations will lead to new interventions that can tackle the root cause of aging and may even lead to cellular rejuvenation. A target for such interventions could be repairing stochastic changes in DNA or improved control of gene expression.
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'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones | ScienceDaily
Artificial intelligence that allows users to hold text and voice conversations with lost loved ones runs the risk of causing psychological harm and even digitally "haunting" those left behind without design safety standards, according to University of Cambridge researchers.


						
'Deadbots' or 'Griefbots' are AI chatbots that simulate the language patterns and personality traits of the dead using the digital footprints they leave behind. Some companies are already offering these services, providing an entirely new type of "postmortem presence."

AI ethicists from Cambridge's Leverhulme Centre for the Future of Intelligence outline three design scenarios for platforms that could emerge as part of the developing "digital afterlife industry," to show the potential consequences of careless design in an area of AI they describe as "high risk."

The research, published in the journal Philosophy and Technology, highlights the potential for companies to use deadbots to surreptitiously advertise products to users in the manner of a departed loved one, or distress children by insisting a dead parent is still "with you."

When the living sign up to be virtually re-created after they die, resulting chatbots could be used by companies to spam surviving family and friends with unsolicited notifications, reminders and updates about the services they provide -- akin to being digitally "stalked by the dead."

Even those who take initial comfort from a 'deadbot' may get drained by daily interactions that become an "overwhelming emotional weight," argue researchers, yet may also be powerless to have an AI simulation suspended if their now-deceased loved one signed a lengthy contract with a digital afterlife service.

"Rapid advancements in generative AI mean that nearly anyone with Internet access and some basic know-how can revive a deceased loved one," said Dr Katarzyna Nowaczyk-Basi?ska, study co-author and researcher at Cambridge's Leverhulme Centre for the Future of Intelligence (LCFI).




"This area of AI is an ethical minefield. It's important to prioritise the dignity of the deceased, and ensure that this isn't encroached on by financial motives of digital afterlife services, for example.

"At the same time, a person may leave an AI simulation as a farewell gift for loved ones who are not prepared to process their grief in this manner. The rights of both data donors and those who interact with AI afterlife services should be equally safeguarded."

Platforms offering to recreate the dead with AI for a small fee already exist, such as 'Project December', which started out harnessing GPT models before developing its own systems, and apps including 'HereAfter'. Similar services have also begun to emerge in China.

One of the potential scenarios in the new paper is "MaNana": a conversational AI service allowing people to create a deadbot simulating their deceased grandmother without consent of the "data donor" (the dead grandparent).

The hypothetical scenario sees an adult grandchild who is initially impressed and comforted by the technology start to receive advertisements once a "premium trial" finishes. For example, the chatbot suggesting ordering from food delivery services in the voice and style of the deceased.

The relative feels they have disrespected the memory of their grandmother, and wishes to have the deadbot turned off, but in a meaningful way -- something the service providers haven't considered.




"People might develop strong emotional bonds with such simulations, which will make them particularly vulnerable to manipulation," said co-author Dr Tomasz Hollanek, also from Cambridge's LCFI.

"Methods and even rituals for retiring deadbots in a dignified way should be considered. This may mean a form of digital funeral, for example, or other types of ceremony depending on the social context."

"We recommend design protocols that prevent deadbots being utilised in disrespectful ways, such as for advertising or having an active presence on social media."

While Hollanek and Nowaczyk-Basi?ska say that designers of re-creation services should actively seek consent from data donors before they pass, they argue that a ban on deadbots based on non-consenting donors would be unfeasible.

They suggest that design processes should involve a series of prompts for those looking to "resurrect" their loved ones, such as 'have you ever spoken with X about how they would like to be remembered?', so the dignity of the departed is foregrounded in deadbot development.

Another scenario featured in the paper, an imagined company called "Paren't," highlights the example of a terminally ill woman leaving a deadbot to assist her eight-year-old son with the grieving process.

While the deadbot initially helps as a therapeutic aid, the AI starts to generate confusing responses as it adapts to the needs of the child, such as depicting an impending in-person encounter.

The researchers recommend age restrictions for deadbots, and also call for "meaningful transparency" to ensure users are consistently aware that they are interacting with an AI. These could be similar to current warnings on content that may cause seizures, for example.

The final scenario explored by the study -- a fictional company called "Stay" -- shows an older person secretly committing to a deadbot of themselves and paying for a twenty-year subscription, in the hopes it will comfort their adult children and allow their grandchildren to know them.

After death, the service kicks in. One adult child does not engage, and receives a barrage of emails in the voice of their dead parent. Another does, but ends up emotionally exhausted and wracked with guilt over the fate of the deadbot. Yet suspending the deadbot would violate the terms of the contract their parent signed with the service company.

"It is vital that digital afterlife services consider the rights and consent not just of those they recreate, but those who will have to interact with the simulations," said Hollanek.

"These services run the risk of causing huge distress to people if they are subjected to unwanted digital hauntings from alarmingly accurate AI recreations of those they have lost. The potential psychological effect, particularly at an already difficult time, could be devastating."

The researchers call for design teams to prioritise opt-out protocols that allow potential users terminate their relationships with deadbots in ways that provide emotional closure.

Added Nowaczyk-Basinska: "We need to start thinking now about how we mitigate the social and psychological risks of digital immortality, because the technology is already here."
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Neuropathy very common, underdiagnosed | ScienceDaily
Neuropathy, the nerve damage that causes pain and numbness in the feet and hands and can eventually lead to falls, infection and even amputation, is very common and underdiagnosed, according to a study published in the May 8, 2024, online issue of Neurology(r), the medical journal of the American Academy of Neurology.


						
"More than one-third of people with neuropathy experience sharp, prickling or shock-like pain, which increases their rates of depression and decreases quality of life," said study author Melissa A. Elafros, MD, PhD, of the University of Michigan in Ann Arbor and a member of the American Academy of Neurology. "People with neuropathy also have an increased risk of earlier death, even when you take into account other conditions they have, so identifying and treating people with or at risk for neuropathy is essential."

The study involved 169 people from an outpatient internal medicine clinic serving mainly Medicaid patients in Flint, Michigan. The participants had an average age of 58 years and 69% were Black people. One-half of the people had diabetes, which can cause neuropathy. A total of 67% had metabolic syndrome, which is defined as having excess belly fat plus two or more of the following risk factors: high blood pressure, higher than normal triglycerides (a type of fat found in the blood), high blood sugar and low high-density lipoprotein (HDL) cholesterol, or "good" cholesterol. These risk factors are also associated with neuropathy.

All participants were tested for distal symmetric polyneuropathy. Information about other health conditions was also collected.

A total of 73% of the people had neuropathy. Of those, 75% had not been previously diagnosed with the condition. Nearly 60% of those with neuropathy were experiencing pain.

Of those with neuropathy, 74% had metabolic syndrome, compared to 54% of those who did not have neuropathy.

After adjusting for other factors that could affect the risk of neuropathy, researchers found that people with metabolic syndrome were more than four times more likely to have neuropathy than people who did not have the syndrome.

Researchers were also looking for any relationship between race and income and neuropathy, as few studies have been done on those topics. There was no relationship between low income and neuropathy. For race, Black people had a decreased risk of neuropathy. Black people made up 60% of those with neuropathy and 91% of those without neuropathy.

"The amount of people with neuropathy in this study, particularly undiagnosed neuropathy, was extraordinarily high with almost three fourths of the study population," Elafros said. "This highlights the urgent need for interventions that improve diagnosis and management of this condition, as well as the need for managing risk factors that can lead to this condition." A limitation of the study is that it is a snapshot in time; it did not follow people to see who developed neuropathy over time. It also did not look at reasons why people were not able to manage risk factors that can lead to neuropathy.

The study was supported by the National Institute of Neurological Disorders and Stroke, National Institute of Diabetes and Digestive and Kidney Diseases and National Center for Advancing Translational Sciences.
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New insight into genesis of spina bifida | ScienceDaily
A group of researchers at the University of California San Diego School of Medicine led an investigation that offers new insight into the causes of spina bifida, the most common structural disorder of the human nervous system.


						
Work of the group, led by Keng Ioi Vong, Ph.D., and Sangmoon Lee, M.D. Ph.D., both from the laboratory of Joseph G. Gleeson, M.D., at the UC San Diego School of Medicine Department of Neurosciences and the Rady Children's Institute for Genomic Medicine, reveals the first link between spina bifida and a common chromosomal microdeletion in humans. The study demonstrates that individuals carrying this chromosomal deletion -- present in one of 2,500 live births -- demonstrate a risk of spina bifida more than 10 times greater than the general public.

The study also underscores the potential role of a common food supplement in reducing the risk of spina bifida. The findings were recently published in the journal Science.

Gleeson, Rady Professor in the Department of Neuroscience and director of neuroscience at Rady Children's Institute for Genomic Medicine, is the senior author of the study. He explained that spina bifida, also known as meningomyelocele, affects one in every 3,000 newborns. Unfortunately, the causes are mostly unknown. A few mutations were reported but could only explain a tiny fraction of risk, Gleeson added.

To uncover the genetic causes of the disease, Gleeson's UC San Diego lab joined with colleagues from across the globe to establish the Spina Bifida Sequencing Consortium in 2015. The consortium began focusing on a tiny deletion in chromosome 22. Chromosome microdeletions refer to a condition in which several genes in a chromosome are missing. The group's target condition, known as 22q11.2del, has been implicated in a number of other disorders. They began looking for 22q11.2del in spinal bifida patients.

"All patients we recruited have the most severe form of spina bifida, and all underwent best-practice comprehensive genomic sequencing," Gleeson said. "We identified 22q11.2del in 6 out of 715 patients. This may not seem a high percentage, but this is by far the most common single genetic variation that could contribute to spina bifida."

He went on to say the group identified eight additional spina bifida patients who carried the deletion from a cohort of approximately 1,500 individuals recruited because of the presence of the common 22q11.2 deletion, Gleeson said.




The researchers then narrowed the cause among the many genes in the 22q11.2 deletion to a single gene known as CRKL. Gleeson explained that there are nine other genes in this chromosomal region that could have been the cause. He said the team began a process of elimination, "knocking out" each of the mouse genes one-by-one, when they received a fortuitous email from Dolores Lamb from Weil Cornell College of Medicine. Lamb had noted some of the mice in their vivarium that were missing Crkl and showed spina bifida. (Vong explained that researchers use all capital letters to describe the gene in humans, and lower-case for mice. )Lamb's group heard about the Gleeson lab project throughs the Spina Bifida Association.

"This finding really got us excited because it meant that CRKL disruption might be sufficient for spina bifida," said Vong, co-first author of the study. "We removed the mouse Crkl gene ourselves and confirmed that some of the mice developed neural tube defects, including spina bifida." Most of the other genes in 22q11.2 deletion were subsequently excluded, he added.

They next turned their attention to how folic acid may modulate CRKL-mediated spina bifida. Vong noted that prior studies in humans demonstrated that folic acid (also known as vitamin B-9) supplementation prior to conception reduces the incidence of spina bifida and other neural tube defects by up to 30-50 percent, but the mechanisms are still a mystery.

"When we deprived the Crkl mutant female mice of folic acid in their chow, many more of their offspring had neural tube defects, and the severity increased dramatically," Vong explained. "This suggests that folic acid taken by pregnant women may not only reduce the risk, but also the severity of neural tube defects in their offspring."

"We hope our findings can help the research community to better understand causes of neural tube defects, especially the causes attributable to common genetic findings like 22q11.2 deletion," Gleeson said. "We also hope our findings can contribute to healthy pregnancies, improved women's health, and improved outcomes for children."

Co-authors associated with the University of San Diego School of Medicine Department of Neurosciences, as well as with Rady Children's Institute for Genomic Medicine, (in addition to Joseph G. Gleeson Sangmoon Lee and Keng Ioi Vong) are: Renee George, Bryn Gerding, Kiely N. James, Valentina Stanley, Nan Jiang, Kameron Alu, Naomi Meave, Fiza Jiwani, Isaac Tang, Ashna Nisal, Ishani Jhamb, Arzoo Patel, Aakash Patel, Jennifer McEvoy-Venneri, Chelsea Barrows, Celina Shen, Yoo-Jin Ha and Robyn Howarth. Other co-authors include Hal S. Meltzer, of the University of California San Diego Rady Children's Hospital Department of Neurosurgery; Anna S. Nidhiry, of Rady Children's Institute for Genomic Medicine; and the Spina Bifida Sequencing Consortium.

This work was supported by the Center for Inherited Disease Research grant HHSN268201700006I, the Yale Center for Genomic Analysis, the Broad Institute, the UC Irvine Genomics Core, the UCSD Institute for Genomic Medicine, the UCSD Transgenic Core, UCSD Microscopy Core grant P30 NS047101, and Columbia Microscopy Core grant S10 OD032447- 01. Other support came from the National Institutes of Health, including National Institute of Diabetes and Digestive and Kidney Diseases, and by support from the Howard Hughes Medical Institute and Rady's Children Institute for Genomic Medicine to Joseph G. Gleeson.
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'Wraparound' implants represent new approach to treating spinal cord injuries | ScienceDaily
A tiny, flexible electronic device that wraps around the spinal cord could represent a new approach to the treatment of spinal injuries, which can cause profound disability and paralysis.


						
A team of engineers, neuroscientists and surgeons from the University of Cambridge developed the devices and used them to record the nerve signals going back and forth between the brain and the spinal cord. Unlike current approaches, the Cambridge devices can record 360-degree information, giving a complete picture of spinal cord activity.

Tests in live animal and human cadaver models showed the devices could also stimulate limb movement and bypass complete spinal cord injuries where communication between the brain and spinal cord had been completely interrupted.

Most current approaches to treating spinal injuries involve both piercing the spinal cord with electrodes and placing implants in the brain, which are both high-risk surgeries. The Cambridge-developed devices could lead to treatments for spinal injuries without the need for brain surgery, which would be far safer for patients.

While such treatments are still at least several years away, the researchers say the devices could be useful in the near-term for monitoring spinal cord activity during surgery. Better understanding of the spinal cord, which is difficult to study, could lead to improved treatments for a range of conditions, including chronic pain, inflammation and hypertension. The results are reported in the journal Science Advances.

"The spinal cord is like a highway, carrying information in the form of nerve impulses to and from the brain," said Professor George Malliaras from the Department of Engineering, who co-led the research. "Damage to the spinal cord causes that traffic to be interrupted, resulting in profound disability, including irreversible loss of sensory and motor functions."

The ability to monitor signals going to and from the spinal cord could dramatically aid in the development of treatments for spinal injuries, and could also be useful in the nearer term for better monitoring of the spinal cord during surgery.




"Most technologies for monitoring or stimulating the spinal cord only interact with motor neurons along the back, or dorsal, part of the spinal cord," said Dr Damiano Barone from the Department of Clinical Neurosciences, who co-led the research. "These approaches can only reach between 20 and 30 percent of the spine, so you're getting an incomplete picture."

By taking their inspiration from microelectronics, the researchers developed a way to gain information from the whole spine, by wrapping very thin, high-resolution implants around the spinal cord's circumference. This is the first time that safe 360-degree recording of the spinal cord has been possible -- earlier approaches for 360-degree monitoring use electrodes that pierce the spine, which can cause spinal injury.

The Cambridge-developed biocompatible devices -- just a few millionths of a metre thick -- are made using advanced photolithography and thin film deposition techniques, and require minimal power to function.

The devices intercept the signals travelling on the axons, or nerve fibres, of the spinal cord, allowing the signals to be recorded. The thinness of the devices means they can record the signals without causing any damage to the nerves, since they do not penetrate the spinal cord itself.

"It was a difficult process, because we haven't made spinal implants in this way before, and it wasn't clear that we could safely and successfully place them around the spine," said Malliaras. "But because of recent advances in both engineering and neurosurgery, the planets have aligned and we've made major progress in this important area."

The devices were implanted using an adaptation to routine surgical procedure so they could be slid under the spinal cord without damaging it. In tests using rat models, the researchers successfully used the devices to stimulate limb movement. The devices showed very low latency -- that is, their reaction time was close to human reflexive movement. Further tests in human cadaver models showed that the devices can be successfully placed in humans.




The researchers say their approach could change how spinal injuries are treated in future. Current attempts to treat spinal injuries involve both brain and spinal implants, but the Cambridge researchers say the brain implants may not be necessary.

"If someone has a spinal injury, their brain is fine, but it's the connection that's been interrupted," said Barone. "As a surgeon, you want to go where the problem is, so adding brain surgery on top of spinal surgery just increases the risk to the patient. We can collect all the information we need from the spinal cord in a far less invasive way, so this would be a much safer approach for treating spinal injuries."

While a treatment for spinal injuries is still years away, in the nearer term, the devices could be useful for researchers and surgeons to learn more about this vital, but understudied, part of human anatomy in a non-invasive way. The Cambridge researchers are currently planning to use the devices to monitor nerve activity in the spinal cord during surgery.

"It's been almost impossible to study the whole of the spinal cord directly in a human, because it's so delicate and complex," said Barone. "Monitoring during surgery will help us to understand the spinal cord better without damaging it, which in turn will help us develop better therapies for conditions like chronic pain, hypertension or inflammation. This approach shows enormous potential for helping patients."

The research was supported in part by the Royal College of Surgeons, the Academy of Medical Sciences, Health Education England, the National Institute for Health Research, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI).
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Strengthening CAR-T therapy to work against solid tumors | ScienceDaily

"CAR-T cell therapy has revolutionized the treatment of blood cancers such as leukemia and lymphoma but hasn't worked well against solid tumors," said Xingxing Zang, Ph.D., the paper's senior author. "We found that our changes to standard CAR-T cell therapy can significantly boost its effectiveness against solid tumors, including often-fatal pancreatic cancer and glioblastomas." Dr. Zang is a member of MECCC Cancer Therapeutics Research Program and professor of microbiology & immunology, of oncology, of medicine, and of urology, the Louis Goldstein Swan Chair in Cancer Research and the founding director of MECCC's Institute for Immunotherapy of Cancer at Albert Einstein College of Medicine. The first author of the paper is Christopher Nishimura, an M.D./Ph.D. student in Dr. Zang's lab.

Developing Personalized Cancer Killers

Dr. Zang and his colleagues created five CAR-T therapies that they tested on mice implanted with several types of solid human tumors. One of the therapies -- which used two novel components -- proved superior in safely and effectively shrinking not only glioblastoma and pancreatic tumors but lung cancer tumors as well.

CAR-T cell therapy, short for chimeric antigen receptor (CAR)-T cell therapy, is a marvel of genetic engineering that transforms T cells (a type of immune cell) into cancer-seeking missiles programmed to attack on contact. The therapy involves extracting the patient's own T cells and equipping them with a single gene that codes for several different proteins. ("Chimeric" comes from the Chimera of Greek mythology with its lion's head, goat's body, and serpent's tail.) The genetically modified T cells are allowed to multiply and are then infused back into the patient.

Their specially designed gene enables the infused T cells to express synthetic CAR receptors on their surface. The CARs can recognize specific proteins, known as antigens, that protrude from cancer cells. Thanks to their new CARs, the T cells are able to home in on cancer cells and then switch to attack mode.

CARs contain four key proteins, and Dr. Zang and his colleagues achieved success against solid tumors by altering two of them.




Five CAR-Ts Confront Three Types of Cancer

All five CAR-T therapies developed by the Zang team used the same novel targeting protein: a monoclonal antibody that binds to B7-H3, a cancer-cell antigen widely expressed on most solid tumors and their blood vessels. Dr. Zang had previously helped to discover that B7-H3 allows tumors to evade immune attack by interfering with T cells.

"We wanted our CARs to not only attach T cells to solid tumors but also -- by binding specifically to B7-H3 -- to prevent B7-H3 from interfering with the T cells' ability to attack and destroy cancer cells and their blood vessels," said Dr. Zang.

Simply attaching CAR-T cells to tumor cells isn't enough to kill them. CARs must also include a costimulatory protein to help activate T cells once they've made contact with cancer cells. Four of the five CAR-T cell therapies developed by Dr. Zang's lab used previously deployed costimulatory proteins. But their fifth therapy used a protein never before tried in CAR-T cell therapy. In 2015, Dr. Zang discovered that T cells possess a receptor he called TMIGD2 that activates T cells when stimulated. He later realized that incorporating TMIGD2 into CAR-T cells might enable them to overcome the challenges posed by solid tumors.

"Factors such as low-oxygen levels and immune checkpoints inside solid tumors make for a hostile microenvironment that can strongly suppress immune attack by T cells -- which also have trouble penetrating solid tumors' dense connective tissue network," Dr. Zang said. "It seemed possible that using TMIGD2 as a costimulatory protein could give CAR-T cells the activation boost they need to reach cancer cells and persist within solid tumors."

These novel CAR-T therapies were tested on mice bearing three solid human tumors: pancreatic, lung, and glioblastoma. All were equally likely to bind their T cells to cancer cells, since their CARs all possessed the same novel antibody aimed at the B7-H3 antigen. The most effective one possessed both the novel antibody and the TMIGD2 protein -- a CAR that Dr. Zang calls a TMIGD2 Optimized Potent/Persistent (TOP) CAR.




The TOP Choice

The CAR-T therapy with TOP CAR proved best at keeping mice with pancreatic, lung, and glioblastoma tumors alive. For example, TOP CAR treatment enabled 7 out of 9 mice with glioblastoma tumors to survive, compared with a maximum survival of 3 out of 9 mice achieved by any of the other CAR-T therapies. It was also superior with respect to key effectiveness and safety parameters.

Dr. Zang plans to further develop TOP CAR into an "off-the shelf" platform that can simultaneously target B7-H3 as well as other tumor antigens and can readily be tailored for treating many different types of solid tumors. Einstein has intellectual property protection for a portfolio of Dr. Zang's research and is interested in securing commercial partners to help to move his novel TOP CAR therapy into clinical trials in the near future, including for cancer of the brain, liver, pancreas, ovary, prostate, lung, bladder, colon, and others. Over the past several years, Dr. Zang has developed two other anti-cancer drugs that are being evaluated in phase 1 and phase 2 clinical trials in the United States and other countries.

The paper is titled "TOP CAR with TMIGD2 as a safe and effective costimulatory domain in CAR cells treating human solid tumors." Other Einstein authors are Devin Corrigan, M.S., Xiang Yu Zheng, B.S., Phillip M. Galbo Jr., Ph.D., Shan Wang, M.D., Yao Liu, Ph.D., Yau Wei, M.D., Linna Suo, M.D.,Wei Cui, Ph.D. and Deyou Zheng, Ph.D. Other authors are Nadia Mercado, Sc.M., of Brown University School of Public Health and Cheng Cheng Zhang, Ph.D., of the University of Texas Southwestern Medical Center.

Dr. Zang and Mr. Nishimura are inventors of two pending patents: Chimeric antigen receptors comprising a TMIGD2 costimulatory domain and associated methods of using the same; and Chimeric antigen receptors targeting B7-H3 (CD276) and associated methods. Dr. Zang is an inventor of a pending patent: Monoclonal antibodies against IgV domain of B7-H3 and uses thereof. Other authors declare no conflicts of interest.
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Exercise, new drug class recommended for management of hypertrophic cardiomyopathy | ScienceDaily
The American College of Cardiology (ACC) and the American Heart Association (AHA) today released a new clinical guideline for effectively managing individuals diagnosed with hypertrophic cardiomyopathy (HCM). The guideline reiterates the importance of collaborative decision-making with patients who have HCM and provides updated recommendations for the most effective treatment pathways for adult and pediatric patients.


						
HCM is an inherited cardiac condition most often caused by a gene mutation that makes the heart muscle too thick (hypertrophy), which impairs its ability to adequately pump blood throughout the body. HCM affects approximately 1 in every 500 individuals; however, a significant portion of cases remain undiagnosed because many people do not exhibit symptoms. Occasionally, the first time HCM is diagnosed is after a sudden death. People who do have symptoms may experience episodes of fainting, chest pain, shortness of breath or irregular heartbeats.

"Incorporating the most recent data, this new guideline equips clinicians with the latest recommendations for the treatment of HCM," said Steve R. Ommen, MD, FACC, medical director of the Mayo Hypertrophic Cardiomyopathy Clinic and chair of the guideline writing committee. "We're seeing more evidence that patients with HCM can return to their normal daily lives with proper care and management."

Updated recommendations in the guideline reflect recent evidence about HCM treatment and management including new forms of pharmacologic management; participation in vigorous recreational activities and competitive sports; and risk stratification for sudden cardiac death (SCD) with an emphasis on pediatric patients.

The guideline includes recommendations for adding cardiac myosin inhibitors, a new class of medication for patients with symptomatic obstructive HCM who do not get adequate symptom relief from first-line drug therapy. Symptomatic obstructive HCM is a type of HCM where the heart muscle is restricted. Cardiac myosin inhibitors are the first FDA-approved class of medication to specifically target the thickening of the heart muscle instead of treating the symptoms, however they are monitored under the FDA's Risk Evaluation and Mitigation Strategies (REMS) program, which may create additional steps and time for both the clinician and the patient. Clinicians require special training to prescribe the medication, and patients require regular screenings.

"These new drugs offer an alternative for patients who have failed first-line therapy and either want to delay or possibly avoid more aggressive options," Ommen said. "With this guideline, we're providing clinicians with point-of-care guidance about effectively using this first-in-class, evidence-based treatment option and improving their patients' quality of life."

In addition to medication treatment, growing evidence is showing that the benefits of exercise outweigh the potential risks for patients with HCM. Low to moderate intensity recreational exercise should be part of how HCM patients manage their overall health. For some HCM patients, competitive sports may be considered in consultation with HCM clinical specialists.

"Recommendations for physical activity continue to evolve with research," Ommen said. "As part of a healthy lifestyle, patients with HCM are now encouraged to engage in low-to-moderate intensity physical activities. We're seeing how vigorous physical activities can be reasonable for some individuals. With shared decision-making between the clinician and the patient, some patients may even be able to return to competitive sports."

Poorly managed HCM may lead to many complications including SCD. The new guideline includes recommendations for assessing and managing the risk of SCD by establishing clear risk markers. Guidance for integrating risk markers with tools to estimate an individual patient's SCD risk score is recommended to aid in the patient/clinician shared decision-making regarding implantable cardioverter defibrillator placement, incorporating a patient's personal level of risk tolerance and specific treatment goals including quality of life.

Several recommendations in the new guideline extend to pediatric patients. A specific pediatric risk stratification for SCD is emphasized, with risk calculators specific to children and adolescents and stressing the importance of HCM centers with expertise in pediatrics. The new guideline extends exercise stress testing recommendations to include children diagnosed with HCM to help determine functional capacity and provide prognostic feedback.
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Teens who view their homes as more chaotic than their siblings have poorer mental health in adulthood | ScienceDaily
Many parents ponder why one of their children seems more emotionally troubled than the others. A new study in the United Kingdom reveals a possible basis for those differences.


						
Adolescents who view their households as more unstructured, disorganized, or hectic than their siblings develop more mental health and behavioral problems in early adulthood, according to the study. The findings are published in Psychological Science, a journal of the Association for Psychological Science.

In research tracking thousands of twins born in the mid-1990s, Sophie von Stumm, a psychology professor at the University of York, found that teenagers who perceived their homes as more disorganized, unstructured, or fast-paced than their siblings suffered more anxiety and depression and engaged in more substance use and problem behavior. If future research confirms those findings, she said, psychologists could develop interventions that modify adolescents' perceptions of their home environments.

von Stumm said she's long been curious about why people who share an experience come away with vastly different perceptions and interpretations of what happened. For her study, she used data from 4,732 same-sex twin pairs from the Twins Early Development Study (TEDS), an ongoing examination of twins born in the mid-1990s in England and Wales. She excluded data from opposite-sex twin pairs to rule out potential gender-based differences in perceptions.

At ages 9, 12, 14, and 16, the twins and their parents rated the level of routine, noise, and general confusion in the home.

"Some households are more chaotic than others: There's always a TV or radio playing, different people come and go every day, and there are no routines, like regular bedtimes or mealtimes," von Stumm explained.

In reviewing responses from the twins at age 16, she observed that siblings could have significantly different views about the atmosphere in their home. One sibling might view the household as far more noisy and fast-paced than the other.




"You'd think the siblings grew up in different families," von Stumm said. "That's how subjective their perceptions are."

At age 23, the twins completed a questionnaire designed to measure their educational attainment, employment status, income, substance use, sexual risk-taking, conflicts with the law, mental health, and behavioral tendencies. Those who had, at age 16, reported experiencing greater household chaos than their twin siblings scored higher on depression, anxiety, antisocial behavior, and other mental health problems. The results were consistent across both identical and fraternal twin pairs.

"Siblings who perceived the household as more chaotic than their brothers or sisters reported poorer mental health outcomes in young adulthood," von Stumm said. "This association was evident from adolescence onwards, confirming theories that the onset of mental health issues likely is during teenage years."

von Stumm said she next plans to explore the precise age and reasons that siblings start to differ in their perceptions of household chaos.

"It is possible that children who experience more adverse events in early life than their siblings, like suffering an injury or being excluded from school, develop a heightened sensitivity to household chaos that then has long-term effects on their mental health," she said. "Because many common adverse early-life events, such as parental conflict or separation, affect all children of a family, we don't know yet if there are specific ones that can cause poor long-term mental health."
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A tailored vaccine could one day treat eczema in children | ScienceDaily
New research from a multi-disciplinary team at Trinity College Dublin suggests a "tailored vaccine" might hold the key to treating bacteria-driven flares of eczema in children.


						
The team has taken several leaps forward in understanding how the immune response works in cases of eczema driven by the common, troublesome Staphylococcus aureus bacterium, and in doing so they have identified new cellular targets for a vaccine.

Eczema, also known as atopic dermatitis, affects up to one in four children in Ireland. Common symptoms include itchy, dry skin, and -- when bacteria are involved -- weeping wounds that can progress to more severe infections and have a detrimental effect on the quality of life of patients and their families. Although very rare, life-threatening systemic infections such as septicaemia may arise.

"There is a real need for new options to treat and prevent infected flares of eczema in children. Current strategies are limited in their success and -- even when they do provide relief -- the effects may be short-term as symptoms often return. Although antibiotics are needed in some cases, scientists are trying hard to deliver alternative options due to the growing problems posed by antimicrobial resistance," said Dr Julianne Clowry, Consultant Dermatologist, Visiting Research Fellow at Trinity, and lead author of the study.

"In combination, these factors make a tailored vaccine a very attractive target as it could limit the severity of eczema, lead to better longer-lasting outcomes, and reduce the need for antibiotics -- all while also reducing the risk of complications and potentially the development of other atopic diseases, such as hayfever and asthma."

The researchers, from Trinity's Schools of Medicine, Computer Science and Statistics, as well as from Biochemistry and Immunology, uncovered important "immune signatures" in children with infected flares of eczema. Pinpointing these signatures provides them with specific new targets, which is helpful from a theoretical vaccine design perspective.

Working with 93 children between 0 and 16, the researchers compared immune responses between 3 groups of patients: eczema and a confirmed S. aureus skin infection, eczema but no S. aureus skin infection, and a healthy group of volunteers.




The key discovery was that the proportions of certain immune cells known as "T cells," as well as other biomarkers, varied considerably in the different groups. There are many different types of T cells in our bodies but they all play unique roles in our immune response, helping to regulate the way we respond to infections.

This main result highlights that the immune response was impacted in those with infected flares of eczema -- with the suppression of some of the important T cells that drive an effective immune response. These findings provide an early blueprint in developing future therapies which could provide targeted effective relief from recurrent flares of eczema.

Alan Irvine, Professor of Dermatology at Trinity, said: "While an interaction between the Staphylococcus aureus bug and eczema has been known for many decades, novel scientific approaches are continuing to make key discoveries about the complex relationship between these bacteria and human responses to it. Our work outlines new discoveries about how children with eczema respond immunologically to infection with this common bacterium."

Rachel McLoughlin, Professor in Immunology at Trinity and senior author on the study, added: "This work has identified an overall pattern of immune suppression associated with infected flares of eczema, which results in the suppression of specific T cells that are vital to help initiate an effective immune response. Further work is now required to broaden the scope of these results, by expanding to a larger number of people. This will help confirm if the patterns identified are consistent among different age groups, and in sub-groups with greater ethnic diversity.

"We believe that a more comprehensive understanding of the immune response to this bacteria S. aureus in eczema, has significant potential to revolutionise treatment approaches and make a major translational impact in the management of eczema."
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New study finds AI-generated empathy has its limits | ScienceDaily
Conversational agents (CAs) such as Alexa and Siri are designed to answer questions, offer suggestions -- and even display empathy. However, new research finds they do poorly compared to humans when interpreting and exploring a user's experience.


						
CAs are powered by large language models (LLMs) that ingest massive amounts of human-produced data, and thus can be prone to the same biases as the humans from which the information comes.

Researchers from Cornell University, Olin College and Stanford University tested this theory by prompting CAs to display empathy while conversing with or about 65 distinct human identities.

The team found that CAs make value judgments about certain identities -- such as gay and Muslim -- and can be encouraging of identities related to harmful ideologies, including Nazism.

"I think automated empathy could have tremendous impact and huge potential for positive things -- for example, in education or the health care sector," said lead author Andrea Cuadra, now a postdoctoral researcher at Stanford.

"It's extremely unlikely that it (automated empathy) won't happen," she said, "so it's important that as it's happening, we have critical perspectives so that we can be more intentional about mitigating the potential harms."

Cuadra will present "The Illusion of Empathy? Notes on Displays of Emotion in Human-Computer Interaction" at CHI '24, the Association of Computing Machinery conference on Human Factors in Computing Systems, May 11-18 in Honolulu. Research co-authors at Cornell University included Nicola Dell, associate professor, Deborah Estrin, professor of computer science and Malte Jung, associate professor of information science.




Researchers found that, in general, LLMs received high marks for emotional reactions, but scored low for interpretations and explorations. In other words, LLMs are able to respond to a query based on their training but are unable to dig deeper.

Dell, Estrin and Jung said there were inspired to think about this work as Cuadra was studying the use of earlier-generation CAs by older adults.

"She witnessed intriguing uses of the technology for transactional purposes such as frailty health assessments, as well as for open-ended reminiscence experiences," Estrin said. "Along the way, she observed clear instances of the tension between compelling and disturbing 'empathy.'"

Funding for this research came from the National Science Foundation; a Cornell Tech Digital Life Initiative Doctoral Fellowship; a Stanford PRISM Baker Postdoctoral Fellowship; and the Stanford Institute for Human-Centered Artificial Intelligence.
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New guidelines for depression care emphasize patient-centred approach | ScienceDaily
Psychiatrists and mental health professionals have a new standard for managing major depression, thanks to refreshed clinical guidelines published today by the Canadian Network for Mood and Anxiety Treatments (CANMAT).


						
The CANMAT guidelines are the most widely used clinical guidelines for depression in the world. The new version integrates the latest scientific evidence and advances in depression care since the previous guidelines were published in 2016. The update was led by researchers at the University of B.C. and the University of Toronto, alongside a national working group of more than 40 academic clinical experts and patient partners.

"These recommendations not only represent the evidence and broad consensus of leading experts in depression research and care, but, importantly, they also reflect the perspectives of patients with lived experience," says co-lead author Dr. Raymond Lam, professor of psychiatry at UBC and co-director of the Mood Disorders Centre at the Djavad Mowafaghian Centre for Brain Health. "Our hope is that this update will empower clinicians with the latest recommendations that can help achieve better outcomes and improved quality of life for the millions of people affected by depression."

More than one in 10 Canadians will experience depression at some point in their lives, making it one of the largest public health burdens in Canada. However, it is estimated that only 20 per cent of people receive adequate treatment.

The updated guidelines cover eight primary topic areas that map the patient care journey, from assessment and diagnosis through to the selection of treatments and strategies to prevent recurrence. The question-and-answer format is designed to be practical, accessible and easy for clinicians to use.

To develop the refreshed guidelines, the working group conducted a comprehensive literature review of new scientific evidence published since the previous 2016 guidelines. Drafts were revised based on review by patient partners, expert peer review and a defined expert consensus process.

The resulting recommendations are organized by lines of treatment based on the level of evidence supporting each therapy and factors such as safety, tolerability and feasibility. Guidance is provided to aid healthcare professionals in choosing the right treatment option with an emphasis on collaborative decision-making.




"Depression is a complex and highly individualized condition," says Dr. Lam. "The guidelines highlight the importance of collaborating with patients in care decisions and providing a personalized treatment approach that carefully considers a person's needs, preferences and treatment history."

The guidelines underline the strong evidence base for well-established first-line treatments, including a number of medications, as well as psychological treatments such as cognitive behavioural therapy, interpersonal therapy and behavioural activation. Based on recent evidence, a number of new psychological and pharmacological treatments were added to the list of treatment options.

"Notable additions to the new guidelines are a strong emphasis on patient participation in choosing treatment, applying outcome measures throughout care, and an overview of digital mental health tools in the management of depression," says co-lead author Dr. Sidney Kennedy, professor of psychiatry at the University of Toronto and director of the Centre for Depression and Suicide Studies at Unity Health Toronto.

The guidelines include further direction on how healthcare professionals can incorporate lifestyle interventions, such as exercise, nutrition and sleep hygiene. They also explore when neuromodulation treatments should be considered and what should be done when a patient doesn't respond to initial treatments or develops treatment-resistant depression.

"Many well-established psychological and behavioural interventions have accumulated more support for their efficacy across different delivery formats," says co-author Dr. Lena Quilty, associate professor of psychiatry at the University of Toronto and senior scientist at the Centre for Addiction and Mental Health. "We are especially pleased to report on evidence for new interventions that target depression as well as commonly co-occurring challenges such as anxiety or disrupted cognitive processes. We hope that these additional alternatives provide more opportunities for integrated attention to these multi-faceted issues."

CANMAT is a network of academic and clinical experts dedicated to improving clinical care for people with mood and anxiety disorders. The new depression guidelines were published today in The Canadian Journal of Psychiatry. The researchers will be releasing updated versions of the CANMAT Pocket Guide to Depression for clinicians and the CHOICE-D Patient and Family Guide to Depression Treatment.
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Children sleep problems associated with psychosis in young adults | ScienceDaily
Children who experience chronic lack of sleep from infancy may be at increased risk of developing psychosis in early adulthood, new research shows.


						
Researchers at the University of Birmingham examined information on nighttime sleep duration from a large cohort study of children aged between 6 months and 7 years old. They found that children who persistently slept fewer hours, throughout this time period, were more than twice as likely to develop a psychotic disorder in early adulthood, and nearly four times as likely to have a psychotic episode.

While previous research has highlighted links between sleep problems and psychosis at specific time points, this is the first study to show that persistent lack of sleep is a strong predictor of psychosis.

Lead author, Dr Isabel Morales-Munoz, said: "It's entirely normal for children to suffer from sleep problems at different points in their childhood, but it's also important to know when it might be time to seek help. Sometimes sleep can become a persistent and chronic problem, and this is where we see links with psychiatric illness in adulthood.

"The good news is that we know that it is possible to improve our sleep patterns and behaviours. While persistent lack of sleep may not be the only cause of psychosis in early adulthood, our research suggests that it is a contributing factor, and it is something that parents can address."

The results, published in JAMA Psychiatry, were based on data taken from the Avon Longitudinal Study of Parents and Children (ALSPAC), which includes records of 12,394 children from 6 months to 7 years, and 3,889 at 24 years old.

While the association between lack of sleep in childhood and psychosis in early adulthood was robust in the study, the team have not proven a causal link and other factors associated with both childhood sleep and psychosis need to be explored.

The team looked, for example, at overall immune system health in the children to see whether impairments in the immune system could also account for some of the associations between lack of sleep and psychosis. This was tested at nine-years-old by measuring levels of inflammation in blood samples. Results showed that a weakened immune system could partially explain the links between lack of sleep and psychosis, but other unknown factors are also likely to be important.

Dr Morales- Munoz' research is part of the Mental Health Mission Midlands Translational Centre, led by the University of Birmingham and funded by the National Institute for Health and Care Research. Its aim is to test and validate treatments in early psychosis and depression among children and young people.

"We know that early intervention is really important in helping young people with mental illness. One of the priorities of the Midlands Mental Health Mission Translational Research Centre of Excellence is to develop and test targeted interventions that could have a real impact on young people who have an illness or who are at risk of developing one. Understanding the role that good sleep hygiene plays in positive mental health could be a really important part of this process."
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Researchers say future is bright for treating substance abuse through mobile health technologies | ScienceDaily
Despite the high prevalence of substance abuse and its often devastating outcomes, especially among disadvantaged populations, few Americans receive treatment for substance use disorders. However, the rise of mobile health technologies can make treatments more accessible.


						
Researchers at the University of Oklahoma are creating and studying health interventions delivered via smartphones to make effective, evidence-based treatments available to those who cannot or don't want to enter traditional in-person treatment. Michael Businelle, Ph.D., co-director of the TSET Health Promotion Center, a program of OU Health Stephenson Cancer Center, recently published a paper in the Annual Review of Clinical Psychology that details the current landscape of mobile health technology for substance use disorders and suggests a roadmap for the future.

The Health Promotion Research Center (HPRC) is at the forefront of mobile health technologies worldwide, having attracted $65 million in grants and supporting nearly 100 mobile health studies. Within HPRC, Businelle leads the mHealth Shared Resource, which launched the InsightTM mHealth Platform in 2015 to create and test technology-based interventions. A multitude of health apps are available commercially, but few have undergone the research necessary to determine if they are effective. Businelle sees the promise of rigorously tested smartphone apps to fill gaps in substance abuse treatment.

"According to the Substance Abuse and Mental Health Services Administration, only 6% of people with substance use disorders receive any form of treatment," Businelle said. "There are many reasons -- we have a shortage of care providers, people may not have reliable transportation, may not be able to get away from work, or they may not be able to afford treatment. However, 90% of all U.S. adults own smartphones, and technology now allows us to create highly tailored interventions delivered at the time that people need them."

Businelle and his team have many mobile health studies underway for substance abuse, and the InsightTM mHealth Platform is used by other research institutions across the United States. The mobile health field is large and growing, not only for substance abuse but for mental health disorders like depression and anxiety. In his publication, Businelle makes several recommendations for research going forward.

Re-randomize clinical trial participants

Thus far, most clinical trials for mobile health interventions have mirrored traditional clinical trials studying new drugs, in which participants are randomly assigned to receive a new drug or a placebo and stay in those groups for the duration of the trial. But that approach doesn't work well for substance abuse trials, Businelle said. For example, if people don't quit smoking on their targeted quit date, they are unlikely to quit during the trial. Unlike traditional trials, mobile health apps can be programmed to re-randomize participants, or move them to a different intervention that might work better for them, he said.




"Instead of being stuck receiving a treatment that we know isn't likely to be effective for an individual, the app can easily re-randomize participants to different treatments," he said. "Just because they weren't successful with one type of intervention doesn't mean that another one won't work."

Objectively verify self-reports

Most substance abuse interventions have historically relied on people to report their own relapses. Unfortunately, because of stigma, people don't always report their usage truthfully, Businelle said. However, technology can now be used to biochemically verify self-reported substance use. In six of his smoking cessation trials, Businelle verifies whether participants have smoked by asking them to blow into a small device connected to a smartphone that detects the presence of carbon monoxide. Facial recognition software confirms the participant is the one testing.

"It is really important for the accuracy of our studies to objectively verify what people report," he said. "We are also developing similar noninvasive technologies that can detect the use of other types of substances without collecting urine or blood samples."

What is a successful outcome?

In mobile health substance abuse trials, success is often measured by whether a person is still using a substance at the end of the trial. But reality isn't usually so straightforward. Businelle said people may stop and start using a substance several times during a six-month trial. Instead of emphasizing the end result, he recommends using technology to assess the effectiveness of an intervention at daily, weekly and monthly intervals. By understanding the number of days of abstinence or number of days until a relapse, for example, the intervention can be more accurately assessed and improved.

Mobile health technology has disadvantages, such as the potential lack of a therapeutic relationship that can develop between patient and therapist, and because some people may need more intensive treatments than mobile health can provide. However, mobile health is still in its infancy.

"Mobile health interventions may reduce stigma because people do not have to attend treatment in person," Businelle said. "Because there is a severe shortage of qualified therapists, always-available behavior change apps could become a first line of treatment for substance abuse, with traditional counseling being reserved for those who do not respond to mobile health interventions."
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Damaging impact of heat waves on vital organs | ScienceDaily
Researchers from the University of California, Irvine have found evidence of the molecular causes of the damaging impact heat stress causes on the gut, liver and brain in the elderly. These findings point to the potential of developing precise prognostic and therapeutic interventions.


						
These organs have a complex and multidirectional communication system that touches everything from our gastrointestinal tract to the nervous system. Whether it is our brain affecting hunger or the liver influencing mental health, understanding the gut-liver-brain communication or "axis" is crucial to protecting human health.

Their study, which was conducted on mouse models, is published in thejournal Scientific Reports, a Nature Portfolio journal. It is one of the first to fill the knowledge gap on the effects of heat stress on a molecular level of this crucial biological conversation.

"Inflammation in the brain and spine contributes to cognitive decline, compromises the ability to form new neurons and exacerbates age-related diseases," said corresponding author, Saurabh Chatterjee, a professor of environmental & occupational health at the UC Irvine Program in Public Health. "By investigating the effects of heat stress on the gut-liver-brain crosstalk, we can better protect our increasingly vulnerable aging population."

Using RNA analysis and bioinformatics to analyze elderly, heat-stressed mice, Chatterjee and his team found evidence of heat stress-affected genes in the brain and liver. A significant increase in the production of ORM2, a liver-produced protein, was observed in the heat-stressed mice. The control group of unstressed mice did not show a change, providing proof of organ dysfunction in the heat-stressed mice.

Researchers believe that increased secretion of ORM2 is a coping mechanism that may be due to gut inflammation and imbalance. In addition, ORM2 may impact the brain through a leaky blood-brain barrier, emphasizing intricate multi-organ crosstalk.

Additionally, the study shows the potential to use ORM2 for targeted biomarker interventions to prevent liver disease in heat exposure. This observation advances molecular insights into the pathophysiology of adverse heat events and will serve as a foundation for future research.

"Our findings have the potential to be used for the development of prognostic and therapeutic markers for precise interventions," said Chatterjee. "In a dynamically changing global landscape, the imminent threat of climate change is evident in rising temperatures, raising concerns about intermittent heat waves. Our heating planet is undoubtedly leading to acute and chronic heat stress that harms the health of our aging population."

Additional authors from UCI Public Health include members of the Environmental Health and Disease Laboratory: doctoral students Subhajit Roy (the first author), Punnag Saha, Dipro Bose, Ayushi Trivedi and Madhura More; and Christina Lin, Jie Wu and Melanie Oakes with the UCI genomics high-throughput facility.

A grant from the National Institute of Environmental Health Sciences and a Veterans Affairs Merit award provided study support.
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An adjuvant made in yeast could lower vaccine cost and boost availability | ScienceDaily
Adjuvants make vaccines more effective, though one of the best is an expensive extract from the soap bark tree. To lower the cost and avoid the laborious extraction process from bark, UC Berkeley and Berkeley Lab synthetic biologists introduced 38 separate genes into yeast to recreate the synthesis of the active molecule, a complex chemical, QS-21, that has a terpene core and numerous sugars. This may be the longest biosynthetic pathway ever inserted into yeast.


						
Vaccines save lives, as shown during the recent pandemic, but one component of most vaccines -- including the Novavax COVID-19 vaccine -- goes unheralded: a molecule or other compound that primes the immune system to mount a more robust defense against infection.

These so-called adjuvants are added in small quantities but have a big protective effect, particularly in infants with immature immune systems and older people with a declining immune response.

Yet, one of the strongest adjuvants, an extract of the Chilean soap bark plant, is so difficult to produce that it costs several hundred million dollars per kilogram (2.2 pounds).

University of California, Berkeley, and Lawrence Berkeley National Laboratory (Berkeley Lab) scientists have now wielded the power of synthetic biology to produce the active ingredient of soap bark, a molecule called QS-21, in yeast. Producing compounds like this in yeast is not only cheaper, but more environmentally friendly, avoiding many of the caustic and toxic chemicals needed to extract the compound from plants.

While yields from the yeast-based process are still small -- a few hundred dollars' worth from a liter of broth -- the feat promises to make one of the most effective adjuvants available more broadly and to lower the cost of vaccines, in general.

"During the pandemic, public health officers were really worried about QS-21 adjuvant availability because that only comes from one tree," said Jay Keasling, UC Berkeley professor of chemical and biomolecular engineering and senior faculty scientist at Berkeley Lab. "From a world health perspective, there's a lot of need for an alternative source of this adjuvant."

The production of QS-21 involved the insertion of 38 different genes from six organisms into yeast -- building one of the longest biosynthetic pathways ever transplanted into any organism, Keasling said.




"The production of the potent vaccine adjuvant QS-21 in yeast highlights the power of synthetic biology to address both major environmental, as well as human, health challenges," said former UC Berkeley postdoctoral fellow Yuzhong Liu, first author of the paper and now an assistant professor at Scripps Research in La Jolla, California.

The results will be published May 8 in the journal Nature.

Building upon malaria work

The benefit of adding an adjuvant to a vaccine was first noted in the 1920s, when alum -- an aluminum salt -- was discovered to boost the effectiveness of a diphtheria vaccine. Alum has since been added to many vaccines that use a portion of a pathogen -- though not the infectious part -- to induce immunity. Because adjuvants make vaccines more effective, they also allow doctors to use smaller doses of the active ingredient, called an antigen.

Not long after alum was discovered to boost the effectiveness of vaccines, a group of soap-like molecules was found to do the same. By the 1960s, researchers had focused on an extract of the Chilean soapbark tree (Quillaja saponaria) that strongly activates different components of the immune system to amplify the effect of giving a vaccine antigen alone. For the last 25 years, one component of that extract -- QS-21 -- has been one of the main non-aluminum adjuvants in vaccines, having been tested in more than 120 clinical trials. It is found in the shingles vaccine (Shingrix) given to older adults, a malaria vaccine (Mosquirix) currently used in children to protect against the parasite Plasmodium falciparum, and the Novavax SARS-COVID-19 vaccine.

QS-21 is produced today by stripping bark from the tree and chemically extracting and separating its many compounds, some of which are toxic. Though QS-21 is a complex molecule containing a terpene core and eight sugar molecules, it has been synthesized in the laboratory. But that synthesis takes 79 separate steps, starting from an intermediate chemical that itself has to be synthesized.




Keasling, who is the CEO of the U.S. Department of Energy-funded Joint BioEnergy Institute (JBEI) in Emeryville, Calif., was asked to try to recreate the synthesis process in yeast because he has worked for years adding genes to yeast to get them to make terpene compounds, among them artemisinin, an antimalarial drug, but also scents and flavorings. Terpene compounds, like those responsible for the scent of pine trees, are often fragrant.

"This work builds on our malaria work," he said. "We worked on the malaria therapy. Now, this could be an adjuvant for the malaria vaccines in the future."

Adding the eight sugars proved challenging, as did balancing unsuspected interactions among enzymes in yeast. All this had to be accomplished without throwing off critical metabolic pathways that are needed for yeast growth.

"It has eight sugars and a terpenoid in the middle. I mean, it makes the artemisinin biosynthetic pathway look like nothing," Keasling said. "I am gratified that synthetic biology has come so far that we can now build a pathway to produce a molecule like QS-21. It's a testament to how far the field has progressed in the last two decades."

He and his lab colleagues, led by postdoctoral fellow Liu, worked closely with plant researcher Anne Osbourn at the John Innes Center in the United Kingdom. Osbourn had earlier teased out the many enzymatic steps involved in the soapbark tree's production of natural QS-21. Over the past five years, as Osbourn discovered new steps in the process and tested them in tobacco plants, Keasling's lab gradually added these new genes to yeast to replicate the synthetic steps.

"It was a great collaboration, because as soon as she'd get a new gene in the pathway, they'd send it our way, and we'd put it into yeast," Keasling said. "It was also good for her, because she got a test of whether her tobacco assay was telling her the right thing."

'Everything from a single sugar'

Earlier this year, Osbourn and Keasling published the complete 20-step process by which the soapbark tree makes QS-21, reconstituted in tobacco. Unfortunately, tobacco is a test bed for plant chemistry, but not a scalable way to produce a chemical compound.

The new paper reconstitutes that process in yeast, with additional steps added because yeast do not contain some enzymes that naturally exist in plants. Currently, a liter of the fermenting bioengineered yeast can produce about 100 micrograms of QS-21 in three days, with a market value of about $200. But yeast biosynthesis is scalable.

"Even at the levels we're producing it, it's cheaper than producing it from the plant," Keasling said.

The engineered yeast subsist only on sugar, which is an added advantage, he said.

"My whole thing is, I want to make everything from a single sugar. I just want to feed yeast glucose, because eventually we want this process to be scaled. And if you feed them a bunch of fancy intermediates, then it's going to result in a process that is not scalable," Keasling said. "In the end, I'd like to start with glucose, so when the production is performed in large tanks, they're able to produce QS-21 as easily and inexpensively as possible."

While Keasling plans to leave optimization of the process for large-scale production to others, he does hope to tweak the enzymatic steps he has introduced into yeast to produce variants of QS-21 that could potentially be more effective than QS-21. And yeast biosynthesis allows him to experiment with pruning the QS-21 molecule to see which portions can be eliminated without altering the molecule's effectiveness.

The research was funded by an industrial grant.
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New target for potential leukemia therapy | ScienceDaily
Boston -- A team of Dana-Farber Cancer Institute investigators discovered that a subset of myeloid and lymphoid leukemias depend on a molecular complex called PI3Kgamma for survival. The study provides both mechanistic and preclinical evidence supporting the rapid initiation of clinical trials for patients with acute myeloid leukemia (AML) to test an existing medicine that inhibits the complex, called eganelisib, both alone and in combination with the most used AML chemotherapy, cytarabine. The study was published in Nature.


						
"Given what we've observed, we can move very quickly to take these medicines, which appear to be safe and well tolerated, to patients with AML," says principal investigator Andrew Lane, MD, PhD, a clinician-scientist in the Adult Leukemia Program at Dana-Farber. "We are planning clinical trials to start hopefullywithin the next year."

Treatment for AML has advanced in the last decade, but most patients ultimately relapse after treatment. Therapies that target AML-related mutations have provided options for subsets of patients, though the cancer eventually evolves to evade the therapy.

The Dana-Farber team took a different approach to searching for therapeutic targets. Rather than focusing on mutations, first author Qingyu Luo, MD, PhD, a research fellow in Lane's lab, used genome wide CRISPR interference to search for genes that AML cells rely on to grow.

He found a promising hit. A subset of leukemia cells relied on a gene called PI3KR5 to survive. That gene produces an important portion of the PI3Kgamma complex.

This hit was attractive in part because the PI3Kgamma complex had been studied before, though not in AML. In addition, a medicine already existed to inhibit it. This drug, eganelisib, has been tested in trials for certain solid tumors to enhance cancer immunotherapy.

What Luo and Lane had found, however, was a completely different mechanism of action in which the drug might work directly on leukemia cells to stop their growth.




To validate this hypothesis, the team treated animal models harboring patient-derived leukemia xenografts with eganelisib. They found that the leukemia xenografts predicted to be highly dependent on PI3Kgamma shrank, and the animal models survived longer when treated with eganelisib.

Looking at The Cancer Genome Atlas Data (TCGA), the team found that patients with AML predicted to be sensitive to eganelisib don't do as well in terms of survival on existing therapies compared to those with negative biomarkers. This finding suggests that this patient group, which can be identified by high levels of PI3KR5 expression, has a need for new medicines and could potentially benefit from treatment with eganelisib.

"This is a drug that is ready to be tested in patients with AML," says Lane. "It's already been used in clinical trials for many patients with solid tumors."

Luo, who initiated this research to improve existing therapies for AML, also treated animal models of leukemia with cytarabine alone and with eganelisib plus cytarabine. The team found that those treated with a combination of eganelisib and cytarabine survived longer than those treated with cytarabine alone, regardless of the leukemia's sensitivity to PI3Kgamma inhibition alone.

The observations suggested that the two medicines worked synergistically. Luo investigated and found that PI3Kgamma, when inhibited, also results in the suppression of a leukemia cell metabolic process called oxidative phosphorylation (OXPHOS). Leukemia cells depend on OXPHOS for energy, and suppression of OXPHOS can result in their demise.

Luo also discovered that leukemia cells that survive standard treatment with cytarabine tend to be more dependent on PI3Kgamma than they were prior to treatment. These surviving leukemia cells -- which are the cause of AML relapse -- could be vulnerable to combination therapy with eganelisib and cytarabine.

"We want synergy, where two drugs mesh with each other," says Luo. "Through inhibition of PI3Kgamma, eganelisib has this downstream effect of suppressing an energy pathway important in AML relapse."

The team is now focused on designing clinical trials for patients.

"This study provides the scientific rationale for a clinical application and also helps us understand where the discoveries apply to the needs of our patients," says Lane. "Dana-Farber is one of the unique places where you can go from molecular biology in the lab to testing in models based on patient samples and then to rapidly initiating a clinical trial on the basis of this science."
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Faster approach for starting extended-release naltrexone to treat opioid use disorder shown effective | ScienceDaily
Starting people with opioid use disorder on extended-release, injectable naltrexone (XR-naltrexone) within five to seven days of seeking treatment is more effective than the standard treatment method of starting within 10-15 days, but requires closer medical supervision, according to results from a clinical trial supported by the National Institutes of Health's (NIH) National Institute on Drug Abuse (NIDA). Published in JAMA Network Open, the findings suggest that this rapid treatment protocol could make XR-naltrexone more viable as a treatment option for opioid use disorder, which continues to take lives at an alarming rate.


						
"When someone is ready to seek treatment for opioid use disorder, it is crucial that they receive it as quickly as possible," said Nora Volkow, M.D., NIDA director. "This study paves the way for more timely care with one of the three medications for opioid use disorder we have available, better supporting people in their ability to choose the treatment option that will work best for them."

XR-naltrexone is one of three Food and Drug Administration-approved medications for the treatment of opioid use disorder. It works by binding to and blocking opioid receptors in the brain, which reduces opioid cravings and prevents the euphoric and sedative effects of opioids. However, starting treatment with XR-naltrexone has traditionally required patients to go through a seven to 10-day opioid-free period, to avoid experiencing painful withdrawal symptoms caused when naltrexone abruptly stops the effects of opioids in the brain. During this waiting period, patients are at high risk of returning to opioid use or discontinuing treatment. This has been a significant barrier to implementation of XR-naltrexone.

To address this challenge, researchers tested the effectiveness of a more rapid procedure to start people with opioid use disorder on XR-naltrexone. Between March 2021 and September 2022, the study enrolled and followed 415 patients with opioid use disorder who were admitted at six community-based inpatient addiction facilities across the U.S. and who chose treatment with XR-naltrexone. Every 14 weeks, the sites were randomized to either provide the standard XR-naltrexone procedure, or the more rapid procedure.

In the study, standard XR-naltrexone prescribing included a three- to five-day treatment period with buprenorphine to ease withdrawal symptoms, followed by a seven- to 10-day opioid-free period. The rapid procedure consisted of one day of buprenorphine (up to 10 mg), a 24-hour opioid-free period, and a gradual increase in low-dose oral naltrexone for three to four days prior to getting an injection of XR-naltrexone. Doctors also used medications such as clonidine and clonazepam throughout the process to manage withdrawal symptoms.

The study found that patients on the rapid five to seven-day treatment procedure were significantly more likely to receive a first injection of XR-naltrexone compared to those on the standard seven to 15-day treatment procedure (62.7% vs. 35.8%). Withdrawal severity was generally low and comparable across the two groups. Targeted safety events and serious adverse events (such as a fall or overdose) were infrequent overall but occurred more on rapid procedure (5.3% and 6.7%) than on standard procedure (2.1% and 1.6%), and the rapid procedure required more staff attention. This indicates that closer monitoring and greater clinical expertise may be needed if patients start treatment with the rapid procedure.

Though the shorter wait-time improved the proportion of people who started on XR-naltrexone overall, these findings underscore that challenges remain in starting patients on XR-naltrexone and also keeping them in treatment long term. Across both the standard and rapid procedures, the most commonly reported reason that participants did not receive a first dose of XR-naltrexone was that they chose to leave the treatment unit early. The authors also note that only about 10% of all patients entering treatment chose XR-naltrexone. These findings reaffirm that a small but sizable proportion of people with opioid use disorder do opt for treatment with XR-naltrexone when presented with all three medication choices, and that it is important to support research into making this evidence-based treatment option more viable for those who choose it.




"Time has been an important barrier that we've seen hinder the use of extended-release naltrexone for opioid use disorder in the past, both among individuals and treatment providers," said Matisyahu Shulman, M.D., a clinician researcher at New York State Psychiatric Institute and Columbia University Irving Medical Center, New York City, and lead author on the study. "We hope that these findings can help encourage more treatment settings to offer extended-release naltrexone as a safe and effective option for patients, to help prevent overdose and support recovery."

The authors note that future studies should explore sustainability, feasibility, and health economic aspects of this more rapid treatment protocol for XR-naltrexone. Despite cost savings from fewer days on the rapid procedure, the resources needed for intensive monitoring should also be considered.

In 2022, over 107,000 people died of a drug overdose, with 75% of those deaths involving an opioid. The overall rise in overdose deaths is largely attributable to the proliferation in the drug supply of illicit fentanyl, a highly potent synthetic opioid. Decades of research have shown the overwhelming benefit of three existing medications for opioid use disorder: methadone, buprenorphine, and XR-naltrexone.

The study, known as the Surmounting Withdrawal to Initiate Fast Treatment with Naltrexone (SWIFT) study, was conducted at six sites within the NIDA Clinical Trials Network and funded through NIH's Helping to End Addiction Long-Term Initiative (or NIH HEAL initiative). The study was led by researchers at New York State Psychiatric Institute and Columbia University Irving Medical Center.
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More than 321,000 U.S. children lost a parent to drug overdose from 2011 to 2021 | ScienceDaily
An estimated 321,566 children in the United States lost a parent to drug overdose from 2011 to 2021, according to a study published in JAMA Psychiatry. The rate of children who experienced this loss more than doubled during this period, from approximately 27 to 63 children per 100,000. The highest number of affected children were those with non-Hispanic white parents, but communities of color and tribal communities were disproportionately affected. The study was a collaborative effort led by researchers at the National Institutes of Health's (NIH) National Institute on Drug Abuse (NIDA), the Substance Abuse and Mental Health Services Administration (SAMHSA), and the Centers for Disease Control and Prevention (CDC).


						
Children with non-Hispanic American Indian/Alaska Native parents consistently experienced the highest rate of loss of a parent from overdose from 2011 to 2021 -- with 187 per 100,000 children affected in this group in 2021, more than double the rate among non-Hispanic white children (76.5 per 100,000) and among non-Hispanic Black children (73 per 100,000). While the number of affected children increased from 2011 to 2021 across all racial and ethnic populations, children with young non-Hispanic Black parents (18 to 25 years old) experienced the highest -- roughly 24% -- increase in rate of loss every year. Overall, children lost more fathers than mothers (192,459 compared to 129,107 children) during this period.

"It is devastating to see that almost half of the people who died of a drug overdose had a child. No family should lose their loved one to an overdose, and each of these deaths represents a tragic loss that could have been prevented," said Nora Volkow, M.D., NIDA director. "These findings emphasize the need to better support parents in accessing prevention, treatment, and recovery services. In addition, any child who loses a parent to overdose must receive the care and support they need to navigate this painful and traumatic experience."

From 2011 to 2021, 649,599 people aged 18 to 64 died from a drug overdose. Despite these tragic numbers, no national study had previously estimated the number of children who lost a parent among these deaths. To address this gap, researchers used data about people aged 18 to 64 participating in the 2010 to 2019 National Surveys on Drug Use and Health (NSDUH) to determine the number of children younger than 18 years living with a parent 18 to 64 years old with past-year drug use. NSDUH defines a parent as biological parent, adoptive parent, stepparent, or adult guardian.

The researchers then used these data to estimate the number of children of the nearly 650,000 people who died of an overdose in 2011 to 2021 based on the national mortality data from the CDC National Vital Statistics System. The data were examined by age group (18 to 25, 26 to 40, and 41 to 64 years old), sex, and self-reported race and ethnicity.

The researchers found that among the estimated 321,566 American children who lost a parent to overdose from 2011 to 2021, the highest numbers of deaths were among parents aged 26 to 40 (175,355 children) and among non-Hispanic white parents (234,164). The next highest numbers were children with Hispanic parents (40,062) and children with non-Hispanic Black parents (35,743), who also experienced the highest rate of loss and highest year-to-year rate increase, respectively. The racial and ethnic disparities seen here are consistent with overall increases in overdose deaths among non-Hispanic American Indian/Alaska Native and Black Americans in recent years, and highlight disproportionate impacts of the overdose crisis on minority communities.

"This first-of-its-kind study allows us to better understand the tragic magnitude of the overdose crisis and the reverberations it has among children and families," said Miriam E. Delphin-Rittmon, Ph.D., HHS Assistant Secretary for Mental Health and Substance Use and the leader of SAMHSA. "These data illustrate that not only are communities of color experiencing overdose death disparities, but also underscore the need for responses to the overdose crisis moving forward to comprehensively address the needs of individuals, families and communities."

Based on their findings, the researchers emphasize the importance of whole-person health care that treats a person with substance use disorder as a parent or family member first and foremost, and provides prevention resources accordingly to support families and break generational cycles of substance use. The study also points to the need to incorporate culturally-informed approaches in prevention, treatment, recovery, and harm reduction services, and to dismantle racial and ethnic inequities in access to these services.

"Children who lose a parent to overdose not only feel personal grief but also may experience ripple effects, such as further family instability," said Allison Arwady, M.D., M.P.H., director of CDC's National Center for Injury Prevention and Control. "We need to ensure that families have the resources and support to prevent an overdose from happening in the first place and manage such a traumatic event."
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Childhood maltreatment responsible for up to 40 percent of mental health conditions | ScienceDaily
A study examining childhood maltreatment in Australia has revealed the shocking burden for Australians, estimating it causes up to 40 percent of common, life-long mental health conditions.


						
The mental health conditions examined were anxiety, depression, harmful alcohol and drug use, self-harm and suicide attempts. Childhood maltreatment is classified as physical, sexual and emotional abuse, and emotional or physical neglect before the age of 18.

Childhood maltreatment was found to account for 41 percent of suicide attempts in Australia, 35 percent for cases of self-harm and 21 percent for depression.

The analysis, published in JAMA Psychiatry is the first study to provide estimates of the proportion of mental health conditions in Australia that arise from childhood maltreatment.

The researchers said the results are a wakeup call for childhood abuse and neglect to be treated as a national public health priority.

"The results are devasting and are an urgent call to invest in prevention -- not just giving individual support to children and families, but wider policies to reduce stress experienced by families," said Dr Lucinda Grummitt, from the University of Sydney's Matilda Centre, who led the study.

"Investments to address childhood maltreatment have the potential to avert millions of cases of mental disorders in Australia."

The analysis also found that if childhood maltreatment was eradicated in Australia, more than 1.8 million cases of depression, anxiety and substance use disorders could be prevented.




The study also found elimination of childhood maltreatment in Australia would, in 2023, have prevented 66,143 years of life lost (death) and 118,493 years lived with disability, totaling 184,636 years of healthy life lost through mental health conditions.

Researchers examined data that included national surveys provided by the Australian Child Maltreatment Study in 2023 (8500 participants), the Australian National Study of Mental Health and Wellbeing 2020-2022 (15,893 participants) and the Australian Burden of Disease study 2023.

The study made use of analytical methods to investigate the link between child maltreatment and mental health, which isolated other influential factors such as genetics or social environments. This provides stronger evidence that childhood maltreatment causes some mental health conditions.

Mental health conditions are currently the leading cause of disease burden globally and affect 13 percent of the global population. In Australia, suicide is the leading cause of death for young people.

Previous research (independent to the University of Sydney study) found over half (53.8 percent) of Australians experienced maltreatment during their childhood.

Dr Grummitt said there are effective interventions, such as programs to support children experiencing maltreatment or parent education programs, but the most sustainable solution to prevent child maltreatment is policy-driven prevention.




"Policies to alleviate stress experienced by families, such as paid parental leave, affordable childcare, income support like Jobseeker, and making sure parents have access to treatment and support for their own mental health could make a world of difference for Australian children.

"Addressing the societal and economic conditions that give rise to child maltreatment can play a large part in preventing mental disorders at a national level," Dr Grummitt said.

The researchers cite an example in the United States where the introduction of state paid parental leave policies and timely access to subsidised childcare were strongly linked to reduced rates of child maltreatment.
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How psychedelic drugs interact with serotonin receptors to potentially produce therapeutic benefits | ScienceDaily
Researchers at the Icahn School of Medicine at Mount Sinai have shed valuable light on the complex mechanisms by which a class of psychedelic drugs binds to and activates serotonin receptors to produce potential therapeutic effects in patients with neuropsychiatric disorders such as depression and anxiety. In a study published May 8 in Nature, the team reported that certain psychedelic drugs interact with an underappreciated member of the serotonin receptor family in the brain known as 5-HT1A to produce therapeutic benefits in animal models.


						
"Psychedelics like LSD and psilocybin have entered clinical trials with promising early results, though we still don't understand how they engage different molecular targets in the brain to trigger their therapeutic effects," says first author Audrey Warren, a PhD candidate in the Graduate School of Biomedical Sciences at Icahn Mount Sinai "Our study highlights, for the first time, how serotonin receptors like 5-HT1A likely modulate the subjective effects of the psychedelic experience and also play a potentially pivotal role in their clinically observed therapeutic outcome."

LSD and 5-MeO-DMT, a psychedelic found in the secretions of the Colorado River Toad, are known to mediate their hallucinogenic effects through the serotonin receptor 5-HT2A, though these drugs also activate 5-HT1A, a validated therapeutic target for treating depression and anxiety. Working closely with co-author Dalibor Sames, PhD, Professor in the Department of Chemistry at Columbia University, the team synthesized and tested 5-MeO-DMT derivatives in cell signaling assays and cryo-electron microscopy to identify the chemical components most likely to cause a drug to preferentially activate 5-HT1A over 5-HT2A. That exercise led to the discovery that a compound termed 4-F, 5-MeO-PyrT was the most 5-HT1A-selective compound in this series. Lyonna Parise, PhD, an instructor in the lab of Scott Russo, PhD, Director of the Center for Affective Neuroscience and the Brain and Body Research Center at Icahn Mount Sinai, then tested that lead compound in a mouse model of depression and showed that 4-F, 5-MeO-PyrT had antidepressant-like effects that are effectively mediated by 5-HT1A.

"We were able to fine-tune the 5-MeO-DMT/serotonin scaffold to obtain the maximum activity at the 5-HT1A interface and minimal activity at 5-HT2A," explains senior author Daniel Wacker, PhD, Assistant Professor of Pharmacological Sciences and Neuroscience at Icahn Mount Sinai. "Our findings suggest that receptors other than 5-HT2A not only modulate behavioral effects stemming from psychedelics, but may substantially contribute to their therapeutic potential. In fact, we were pleasantly surprised by the strength of that contribution to 5-MeO-DMT, which is currently being tested in several clinical trials for depression. We believe our study will lead to a better understanding of the complex pharmacology of psychedelics that involve many receptor types."

Indeed, researchers are hopeful based on their breakthrough findings that it may soon be possible to design novel psychedelic-derived medications that don't possess the hallucinogenic properties of current drugs. Raising their expectations is the discovery that their lead compound -- the most 5-HT1A-selective analog to 5-MeO-DMT -- showed antidepressant effects without the 5-HT2A-related hallucinations.

Another near-term target for scientists is investigating the impact of 5-MeO-DMT in preclinical models of depression (given the research restrictions around psychedelic drugs, studies involving a 5-MeO-DMT derivative have been limited to animal models). "We've demonstrated that psychedelics have complex physiological effects that span many different receptor types," emphasizes first author Warren, "and are now ready to build on that finding to develop improved therapeutics for a range of mental health disorders."
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Pressure to be 'perfect' causing burnout for parents, mental health concerns for their children | ScienceDaily

Researchers leading a national dialogue about parental burnout from The Ohio State University College of Nursing and the university's Office of the Chief Wellness Officer say "no," and a new study finds that pressure to try to be "perfect" leads to unhealthy impacts on both parents and their children.

The survey of more than 700 parents nationwide from June 15 -- July 28, 2023 is summarized in the new report, "The Power of Positive Parenting: Evidence to Help Parents and Their Children Thrive." The data shows that:
    	Fifty-seven percent (57%) of parents self-reported burnout.
    	Parental burnout is strongly associated with internal and external expectations, including whether one feels they are a good parent, perceived judgment from others, time to play with their children, the relationship with their spouse and keeping a clean house.
    	The more free play time that parents spend with their children and the lighter the load of structured extracurricular activities, the fewer mental health issues in their children (i.e. anxiety, depression, OCD, ADHD, bipolar disorder).
    	Parents' mental health and behaviors strongly impact their children's mental health. If their children have a mental health disorder, parents report a higher level of burnout and a greater likelihood for them to insult, criticize, scream at, curse at and/or physically harm their children (i.e. repeated spanking). Higher levels of self-reported parental burnout and harsh parenting practices are associated with more mental health problems in children.

Kate Gawlik, DNP, one of the lead researchers on the study who pursues this research based on her experience as a working mother of four, said the illusion and expectations of "perfect parenting" can be deflating.

"I think social media has just really tipped the scales," said Gawlik, an associate clinical professor at the Ohio State College of Nursing. "You can look at people on Instagram or you can even just see people walking around, and I always think, 'How do they do that? How do they seem to always have it all together when I don't?'

"We have high expectations for ourselves as parents; we have high expectations for what our kids should be doing. Then on the flipside, you're comparing yourself to other people, other families, and there's a lot of judgment that goes on. And whether it's intended or not, it's still there."

Data from the study shows that force of expectations from what Gawlik calls a "culture of achievement" leads to burnout (a state of physical and emotional exhaustion), which in turn leads to other, potentially debilitating issues.




"When parents are burned out, they have more depression, anxiety and stress, but their children also do behaviorally and emotionally worse," said Bernadette Melnyk, PhD, FAAN, vice president for health promotion and chief wellness officer at Ohio State. "So it's super important to face your true story if you're burning out as a parent and do something about it for better self-care."

Gawlik and Melnyk's new report brings critical updates to their initial study in 2022, which measured working parent burnout during the height of the COVID-19 pandemic. Gawlik and Melnyk created a first-of-its-kind Working Parent Burnout Scale, a 10-point survey that allows parents to measure their burnout in real time and use evidence-based solutions to help.

That scale is included in the new report, along with new guidance on positive parenting strategies, techniques and tips to form deeper connections with one's children.

"Positive parenting is when you give your children a lot of love and warmth, but you also provide structure and guidance in their life," Melnyk explained. "You gently teach them consequences of behaviors. So that is a much better goal to shoot for being a positive parent than a perfect parent."

Among the strategies:
    	Connection and active listening
    	Catching, checking and changing negative thoughts into positive ones
    	Readjusting expectations for the parent and the child
    	Reflecting and acting on priorities

"If maybe you're prioritizing making sure your house is spotless all the time, but then you don't feel like you have time to go for a walk every night with your children, maybe you need to reorganize or find a way to make both of those things work," Gawlik suggested.

Melnyk said these evidence-based approaches can help calm what she calls a "public health epidemic" of parental burnout.

"Parents do a great job caring for their children and everybody else, but they often don't prioritize their own self-care," Melnyk said. "As parents, we can't keep pouring from an empty cup. If children see their parents taking good self-care, the chances are they're going to grow up with that value as well. It has a ripple effect to the children and to the entire family."

"As one parent told me," Gawlik added, "'I would much rather have a happy kid than a perfect kid.'"
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Gene linked to learning difficulties has direct impact on learning and memory | ScienceDaily
A gene previously linked to intellectual disability has been found to regulate learning and memory in mice.


						
The gene, called KDM5B has previously been linked to some intellectual disability disorders and autism. In the general population, some variants are also associated with reduced brain function, although not sufficient to cause an overt disability or behavioural symptoms.

Now, researchers at King's College London, the University of Exeter and the University of California Irvine have found that reduced function of the gene in the brain results in loss of learning ability and memory and a reduction in the brain's ability to strengthen connections between neurons, which is key in the formation of memories.

The team's new mouse study, published in the Journal of Neuroscience describes how mice bred without a fully functional KDM5B gene have worse learning and memory abilities. In order to rule out the possibility that the effect may have been caused by an impact on brain development, the researchers also reduced the amount of this gene in a separate group of adult mice, in the hippocampus, a brain region responsible for memory. They found that reduced gene function resulted in epileptic seizures in some mice and a deterioration of their learning and memory. Laboratory experiments suggested that the strengthening of connections between neurons during memory formation was reduced.

Professor Albert Basson, whose research group began the work at King's College London and has since moved to the University of Exeter, said: "Memory and the ability to learn are fundamental to our intellectual potential, yet we still have a lot to learn about the underpinning mechanisms. For more than a decade, the KDM5B gene has been linked to autism and some forms of intellectual disability, but a mutation in this gene alone is not always sufficient to cause these conditions, so it hasn't been studied in detail. Our work shows that KDM5B is important for learning and memory and provides new insight into the fundamental mechanisms of memory and learning, which is crucial on the pathway to finding new ways to improve these functions."

KDM5B can modify the structure of the genetic material in our cells which determines whether genes necessary for brain development or function are expressed at the correct amount at the right time.

Dr Leticia Peres-Sisquez who performed the research at King's College London, said: "We set out to investigate whether KDM5B's ability to modify genetic material has a direct impact on learning and memory. We've discovered that the gene has a direct impact on learning and memory -- which is distinct from any effect during brain development. This gene will now be of much greater interest to researchers on the quest for new treatments for conditions including autism, and other intellectual disability disorders."

The research was funded by the Medical Research Council and the National Institutes of Aging, with support from Wellcome.

The study is entitled 'The intellectual disability risk gene Kdm5b regulates long term memory consolidation in the hippocampus', published in the Journal of Neuroscience.
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'Mathematical microscope' reveals novel, energy-efficient mechanism of working memory that works even during sleep | ScienceDaily
UCLA Health researchers have discovered a mechanism that creates memories while reducing metabolic cost, even during sleep. This efficient memory occurs in a part of the brain that is crucial for learning and memory, and where Alzheimer's disease begins.


						
The discovery is published in the journal Nature Communications.

Does this sound familiar: You go to the kitchen to fetch something, but when you get there, you forget what you wanted. This is your working memory failing. Working memory is defined as remembering some information for a short period while you go about doing other things. We use working memory virtually all the time. Alzheimer's and dementia patients have working memory deficits and it also shows up in mild cognitive impairment (MCI). Hence, considerable effort has been devoted to understand the mechanisms by which the vast networks of neurons in the brain create working memory.

During working memory tasks, the outermost layer of the brain, known as the neocortex, sends sensory information to deeper regions of the brain, including a central region called the entorhinal cortex, which is crucial for forming memories. Neurons in the entorhinal cortex show a complex array of responses, which have puzzled scientists for a long time and resulted in the 2014 Nobel Prize in medicine, yet the mechanisms governing this complexity are unknown. The entorhinal cortex is where Alzheimer's disease begins forming.

"It's therefore critical to understand what kind of magic happens in the cortico-entorhinal network, when the neocortex speaks to the entorhinal cortex which turns it into working memory. It could provide an early diagnostic of Alzheimer's disease and related dementia, and mild cognitive impairment," said corresponding author Mayank Mehta, a neurophysicist and head of the W. M. Keck Center for Neurophysics and the Center for Physics of Life at UCLA.

To crack this problem, Mehta and his coauthors devised a novel approach: a "mathematical microscope."

In the world of physics, mathematical models are commonly used, from Kepler to Newton and Einstein, to reveal amazing things we have never seen or even imagined, such as the inner workings of subatomic particles and the inside of a black hole. Mathematical models are used in brain sciences too, but their predictions are not taken as seriously as in physics. The reason is that in physics, predictions of mathematical theories are tested quantitatively, not just qualitatively.




Such quantitatively precise experimental tests of mathematical theories are commonly believed to be unfeasible in biology because the brain is vastly more complex than the physical world. Mathematical theories in physics are very simple, involving very few free parameters and hence precise experimental tests. In contrast, the brain has billions of neurons and trillions of connections, a mathematical nightmare, let alone a highly precise microscope.

"To tackle this seemingly impossible challenge of devising a simple theory that can still explain the experimental of data of memory dynamics in vivo data with high precision, we hypothesized that cortico-entorhinal dialog, and memory magic, will occur even when the subjects are sleeping, or anesthetized," said Dr. Krishna Choudhary, the lead author of the study. "Just like a car behaves like a car when it's idling or going at 70 mph."

UCLA researchers then made another large assumption: the dynamics of the entire cortex and the entorhinal cortex during sleep or anesthesia can be captured by just two neurons. These assumptions reduced the problem of billions of neurons' interactions to just two only free variables -- the strength of input from the neocortex to entorhinal cortex and the strength of recurrent connections within the entorhinal cortex. While this makes the problem mathematically tractable, it raises the obvious question -- is it true?

"If we test our theory quantitatively on data in vivo, then these are just interesting mathematical games, not a solid understanding of memory-making magic," said Mehta.

The crucial experimental tests of this theory required sophisticated experiments by Dr. Thomas Hahn, a coauthor who is now professor at Basel University and a clinical psychologist.

"The entorhinal cortex is a complicated circuit. To really test the theory we needed experimental techniques that can not only measure the neural activity with high precision, but also determine the precise anatomical identity of the neuron," said Hahn.




Hahn and Dr. Sven Berberich, also a coauthor, measured the membrane potential of identified neurons from the entorhinal cortex in vivo, using whole cell patch clamp technique and then used anatomical techniques to identify the neuron. Simultaneously they measured the activity of the parietal cortex, a part of neocortex that sends inputs to the entorhinal cortex.

"A mathematical theory and sophisticated in vivo data are necessary and cool, but we had to tackle one more challenge -- how does one map this simple theory onto complex neural data?" said Mehta.

"This required a protracted period of development, to generate a 'mathematical microscope' that can directly reveal the inner workings of neurons as they make memory," said Choudhary. "As far as we know, this has not been done before."

The authors observed that like an ocean wave forming and then crashing on to a shoreline, the signals from the neocortex oscillate between on and off states in intervals while a person or animal sleeps. Meanwhile, the entorhinal cortex acted like a swimmer in the water who can move up when the wave forms and then down when it recedes. The data showed this and the model captured this as well. But using this simple match the model then took a life of its own and discovered a new type of memory state known as spontaneous persistent inactivity, said Mehta.

"It's as if a wave comes in and the entorhinal cortex said, 'There is no wave! I'm going to remember that recently there was no wave so I am going to ignore this current wave and not respond at all'. This is persistent inactivity" Mehta said. "Alternately, persistent activity occurs when the cortical wave disappears but the entorhinal neurons remember that there was a wave very recently, and continue rolling forward."

While many theories of working memory had shown the presence of persistent activity, which the authors found, the persistent inactivity was something that the model predicted and had never been seen before.

"The cool part about persistent inactivity is that it takes virtually no energy, unlike persistent activity, which takes a lot of energy," said Mehta, "even better, the combination of persistent activity and inactivity more than doubles the memory capacity while cutting down the metabolic energy cost by half."

"All this sounded too good to be true, so we really pushed our mathematical microscope to the limit, into a regime where it was not designed to work," said Dr. Choudhary. "If the microscope was right, it would continue working perfectly even in unusual situations."

"The math-microscope made a dozen predictions, not just about entorhinal but many other brain regions too. To our complete surprise, the mathematical microscope worked every time," Mehta continued. "Such near perfect match between the predictions of a mathematical theory and experiments is unprecedented in neuroscience.

"This mathematical model that is perfectly matched with experiments is a new microscope," Mehta continued. "It reveals something that no existing microscope could see without it. No matter how many neurons you have imaged, it would not have revealed any of this.

"In fact, metabolic shortcomings are a common feature of many memory disorders," said Mehta. Mehta's laboratory is now following up on this work to understand how complex working memory is formed, and what goes wrong in the entorhinal cortex during Alzheimer's disease, dementia and other memory disorders."
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Natural compounds that selectively kill parasites | ScienceDaily
An international team led by researchers at the University of Toronto has found a family of natural compounds with potential as new and more effective treatments for parasitic worms. The compounds stall the unique metabolic process that worms use to survive in the human gut.


						
Parasitic worms transmitted through soil wreak havoc in developing countries in the tropics. Infection by these parasites leads to malaise, weakness, malnutrition and other debilitating symptoms, and can cause developmental defects in children and impair their growth.

"Soil-transmitted parasitic worms infect over one billion people around the world, typically in low-income communities of developing countries without comprehensive health care and infrastructure for sanitation," said Taylor Davie, first author on the study and PhD student at U of T's Donnelly Centre for Cellular and Biomolecular Research. "Parasites are becoming less susceptible to the few anthelmintic drugs available, so there's an urgent need to find new compounds."

The study was published today in the journal Nature Communications.

Many parasitic worm species live out a large portion of their life cycle inside a human host. To adapt to the environmental conditions of the gut, particularly a lack of oxygen, the parasite switches to a type of metabolism that depends on a molecule called rhodoquinone (RQ).

The parasite can survive inside its human host for many months using RQ-dependent metabolism.

The research team chose to target the adaptive metabolic process of the parasitic worm because RQ is only present in the parasite's system -- humans do not produce or use RQ. Therefore, compounds that can regulate the molecule's production or activity would selectively kill the parasite, with no harm done to the human host.




The researchers conducted a screen of natural compounds isolated from plants, fungi and bacteria on the model organism C. elegans. While it is not a parasite, this worm also depends on RQ for metabolism when oxygen is not available.

"This is the first time that we have been able to screen for drugs that specifically target the unusual metabolism of these parasites," said Andrew Fraser, principal investigator on the study and professor of molecular genetics at the Donnelly Centre and the Temerty Faculty of Medicine.

"The screen was only possible because of recent progress made by our group and others in using C. elegans to study RQ-dependent metabolism, and our collaboration with RIKEN, one of Japan's biggest research agencies. We screened their world-class collection of 25,000 natural compounds, resulting in our discovery of a family of benzimidazole compounds that kills worms relying on this type of metabolism."

The researchers suggest a multi-dose regimen using the newly discovered family of compounds to treat parasitic worms. While a single-dose treatment is easier to facilitate in mass drug administration programs, a longer treatment program would eliminate the parasite more effectively.

"We are very pleased with the results of the study, which made use of our library," said Hiroyuki Osada, professor of pharmacy at the University of Shizuoka and group director of the Chemical Biology Research Group at the RIKEN Center for Sustainable Resource Science.

"The study shows the power of the screening approach, allowing researchers in this case to search through a very large number of molecules within a focused collection of natural products. Screens are very efficient, which is key for addressing urgent research questions of global relevance like this one."

Next steps for the research team are to refine the new class of inhibitors through additional in vivo testing with parasitic worms, which will be performed by the Keiser lab at the University of Basel in Switzerland, and to continue screening for compounds that inhibit RQ.

"This study is just the beginning," said Fraser. "We have found several other very powerful compounds that affect this metabolism, including, for the first time, a compound that blocks the ability of the worms to make RQ. We hope our screens will deliver drugs to treat major pathogens around the world."

This research was supported by the Canadian Institutes of Health Research and the European Molecular Biology Organization.
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THC lingers in breastmilk with no clear peak point | ScienceDaily
When breastfeeding mothers in a recent study used cannabis, its psychoactive component THC showed up in the milk they produced. The Washington State University-led research also found that, unlike alcohol, when THC was detected in milk there was no consistent time when its concentration peaked and started to decline.


						
Importantly, the researchers discovered that the amount of THC they detected in milk was low -- they estimated that infants received an average of 0.07 mg of THC per day. For comparison, a common low-dose edible contains 2 mg of THC. The research team stressed that it is unknown whether this amount has any impact on the infant.

"Breastfeeding parents need to be aware that if they use cannabis, their infants are likely consuming cannabinoids via the milk they produce, and we do not know whether this has any effect on the developing infant," said Courtney Meehan, a WSU biological anthropologist who led the project and is the study's corresponding author.

Since other research has shown that cannabis is one of the most widely used drugs during breastfeeding, the researchers aimed to uncover how long cannabinoids, like THC, persisted in breastmilk.

For this study, published in the journal Breastfeeding Medicine, the researchers analyzed milk donated by 20 breastfeeding mothers who used cannabis. The participants, who all had infants younger than six months, provided detailed reports on their cannabis use. They collected milk after abstaining from using cannabis for at least 12 hours and then at regular intervals after use. All of this was done in their own homes, at a time of their choosing and with cannabis they purchased themselves.

The researchers then analyzed the milk for cannabinoids. They found that the milk produced by these women always had detectable amounts of THC, even when the mothers had abstained for 12 hours.

"Human milk has compounds called lipids, and cannabinoids are lipophilic, meaning they dissolve in those lipids. This may mean that cannabinoids like THC tend to accumulate in milk -- and potentially in infants who drink it," said Meehan.




The research also revealed that people had different peak THC concentrations in their milk. For participants who used cannabis only one time during the study, cannabinoids peaked approximately 30 minutes to 2.5 hours after use and then started to decline. For participants who used multiple times during the study, the majority showed a continual increase in concentrations across the day.

"There was such a range. If you're trying to avoid breastfeeding when the concentration of THC peaks, you're not going to know when THC is at its peak in the milk," said lead author Elizabeth Holdsworth, who worked on this study while a WSU post-doctoral researcher and is now on the faculty of The Ohio State University.

A related qualitative study by the research team revealed that many breastfeeding moms are using cannabis for therapeutic purposes -- to manage anxiety, other mental health issues or chronic pain. The mothers often chose cannabis over using other medications because they felt it was safer.

"Our results suggest that mothers who use cannabis are being thoughtful in their decisions," said co-author Shelley McGuire, a University of Idaho professor who studies maternal-infant nutrition. "These women were mindful about their choices. This is far from a random lifestyle choice."

While in most cases, the women were using cannabis as alternative treatment for a variety of conditions, McGuire pointed out that there is no evidence yet whether it is safer or more harmful. In fact, scientists know almost nothing about how many commonly used drugs may impact breastfeeding babies, partly because women, especially those who are breastfeeding, have historically been left out of clinical trials on medicines.

"This is an area that needs substantial, rigorous research for moms to know what's best," McGuire said.

Some research has been done regarding alcohol with guidelines for new mothers to wait at least two hours after consuming alcohol before breastfeeding. Nothing similar has been developed for cannabis, which has been growing in popularity.

The collaborative research team is currently working to address some of that knowledge gap with further research on cannabis use in breastfeeding moms, holistic composition of the milk they produce and its effects on infant development.

This study received support from state of Washington Initiative Measures 171 and 502 as well as the WSU Health Equity Research Center.
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Could getting enough sleep help prevent osteoporosis? | ScienceDaily
As part of the University of Colorado Department of Medicine's annual Research Day, held on April 23, faculty member Christine Swanson, MD, MCR, described her National Institutes of Health-funded clinical research on whether adequate sleep can help prevent osteoporosis.


						
"Osteoporosis can occur for many reasons such as hormonal changes, aging, and lifestyle factors," said Swanson, an associate professor in the Division of Endocrinology, Metabolism, and Diabetes. "But some patients I see don't have an explanation for their osteoporosis.

"Therefore, it's important to look for novel risk factors and consider what else changes across the lifespan like bone does -- sleep is one of those," she added.

How bone density and sleep change over time

In people's early- to mid-20s, they reach what is called peak bone mineral density, which is higher for men than it is for women, Swanson said. This peak is one of the main determinants of fracture risk later in life.

After reaching this peak, a person's bone density remains roughly stable for a couple of decades. Then, when women enter the menopausal transition, they experience accelerated bone loss. Men also experience bone density decline as they age.

Sleep patterns also evolve over time. As people get older, their total sleep time decreases, and their sleep composition changes. For instance, sleep latency, which is the time it takes to fall asleep, increases with age. On the other hand, slow wave sleep, which is deep restorative sleep, decreases as we age.




"And it's not just sleep duration and composition that change. Circadian phase preference also changes across the lifespan in both men and women," Swanson said, referring to people's preference for when they go to sleep and when they wake up.

How can sleep relate to our bone health?

Genes that control our internal clock are present in all of our bone cells, Swanson said.

"When these cells resorb and form bone, they release certain substances into the blood that let us estimate how much bone turnover is going on at a given time," she said.

These markers of bone resorption and formation follow a daily rhythm. The amplitude of this rhythm is larger for markers of bone resorption -- which refers to the process of breaking down bones -- than it is for markers of bone formation, she said.

"This rhythmicity is likely important for normal bone metabolism and suggests that sleep and circadian disturbance could directly affect bone health," she said.




Researching the connection between sleep and bone health

To further understand this relationship, Swanson and colleagues researched how markers of bone turnover responded to cumulative sleep restriction and circadian disruption.

For this study, participants lived in a completely controlled inpatient environment. The participants did not know what time it was, and they were put on a 28-hour schedule instead of a 24-hour day.

"This circadian disruption is designed to simulate the stresses endured during rotating night shift work and is roughly equivalent to flying four time zones west every day for three weeks," she said. "The protocol also caused participants to get less sleep."

The research team measured bone turnover markers at the beginning and end of this intervention and found significant detrimental changes in bone turnover in both men and women in response to the sleep and circadian disruption. The detrimental changes included declines in markers of bone formation that were significantly greater in younger individuals in both sexes compared to the older individuals.

In addition, young women showed significant increases in the bone resorption marker.

If a person is forming less bone while still resorbing the same amount -- or even more -- then, over time, that could lead to bone loss, osteoporosis, and increased fracture risk, Swanson said.

"And sex and age may play an important role, with younger women potentially being the most susceptible to the detrimental impact of poor sleep on bone health," she said.

Research in this area is ongoing, she added.
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Emergency department packed to the gills? Someday, AI may help | ScienceDaily
UCSF-led study finds artificial intelligence is as good as a physician at prioritizing which patients need to be seen first.


						
Emergency departments nationwide are overcrowded and overtaxed, but a new study suggests artificial intelligence (AI) could one day help prioritize which patients need treatment most urgently.

Using anonymized records of 251,000 adult emergency department (ED) visits, researchers at UC San Francisco evaluated how well an AI model was able to extract symptoms from patients' clinical notes to determine their need to be treated immediately. They then compared the AI analysis with the patients' scores on the Emergency Severity Index, a 1-5 scale that ED nurses use when patients arrive to allocate care and resources by highest need, a process known as triage.

The patients' data were separated from their actual identities (de-identified) for the study, which publishes May 7, 2024, in JAMA Network Open. The researchers evaluated the data using the ChatGPT-4 large language model (LLM), accessing it via UCSF's secure generative AI platform, which has broad privacy protections.

The researchers tested the LLM's performance with a sample of 10,000 matched pairs -- 20,000 patients in total -- that included one patient with a serious condition, such as stroke, and another with a less urgent condition, such as a broken wrist. Given only the patients' symptoms, the AI was able to identify which ED patient in the pair had a more serious condition 89% of the time.

In a sub-sample of 500 pairs that were evaluated by a physician as well as the LLM, the AI was correct 88% of the time, compared to 86% for the physician.

Having AI assist in the triage process could free up critical physician time to treat patients with the most serious conditions, while offering backup decision-making tools for clinicians who are juggling multiple urgent requests.




"Imagine two patients who need to be transported to the hospital but there is only one ambulance. Or a physician is on call and there are three people paging her at the same time, and she has to determine who to respond to first," said lead author Christopher Williams, MB, BChir, a UCSF postdoctoral scholar at the Bakar Computational Health Sciences Institute.

Not quite ready for prime time

The study is one of only a few to evaluate an LLM using real-world clinical data, rather than simulated scenarios, and is the first to use more than 1,000 clinical cases for this purpose. It's also the first study to use data from visits to the emergency department, where there is a wide array of possible medical conditions.

Despite its success within this study, Williams cautioned that AI is not ready to use responsibly in the ED without further validation and clinical trials.

"It's great to show that AI can do cool stuff, but it's most important to consider who is being helped and who is being hindered by this technology," said Williams. "Is just being able to do something the bar for using AI, or is it being able to do something well, for all types of patients?"

One important issue to untangle is how to eliminate bias from the model. Previous research has shown these models may perpetuate racial and gender biases in health care, due to biases within the data used to train them. Williams said that before these models can be used, they will need to be modified to strip out that bias.

"First we need to know if it works and understand how it works, and then be careful and deliberate in how it is applied," Williams said. "Upcoming work will address how best to deploy this technology in a clinical setting."
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AI predicts tumor-killing cells with high accuracy | ScienceDaily
Using artificial intelligence, Ludwig Cancer Research scientists have developed a powerful predictive model for identifying the most potent cancer killing immune cells for use in cancer immunotherapies.


						
Combined with additional algorithms, the predictive model, described in the current issue of the journal Nature Biotechnology, can be applied to personalized cancer treatments that tailor therapy to the unique cellular makeup of each patient's tumors.

"The implementation of artificial intelligence in cellular therapy is new and may be a game-changer, offering new clinical options to patients," said Ludwig Lausanne's Alexandre Harari, who led the study with graduate student Remy Petremand.

Cellular immunotherapy involves extracting immune cells from a patient's tumor, optionally engineering them to enhance their natural abilities to combat cancer and reintroducing them to the body after they've been expanded in culture. T cells are one of the two main types of white blood cells, or lymphocytes, that circulate in the blood and patrol for virally infected or cancerous cells.

T cells that penetrate solid tumors are known as tumor-infiltrating lymphocytes, or TILs. However, not all TILs are effective at recognizing and attacking tumor cells. "Only a fraction is in fact tumor reactive -- the majority are bystanders," Harari explained. "The challenge we set for ourselves was to identify the few TILs that are equipped with T cell receptors able to recognize antigens on the tumor."

To do this, Harari and his team developed a new AI-driven predictive model, called TRTpred, that can rank T cell receptors (TCRs) based on their tumor reactivity. To develop TRTpred, they used 235 TCRs gathered from patients with metastatic melanoma, already classified as either tumor-reactive or non-reactive. The team loaded the global gene-expression -- or transcriptomic -- profiles of the T cells carrying each TCR into a machine learning model to identify patterns that differentiate tumor-reactive T cells from inactive counterparts.

"TRTpred can learn from one T cell population and create a rule which can then be applied to a new population," Harari explained. "So, when faced with a new TCR, the model can read its transcriptomic profile and predict whether it is tumor reactive or not."

The TRTpred model analyzed TILs from 42 patients with melanoma and gastrointestinal, lung and breast cancer and identified tumor-reactive TCRs with about 90 percent accuracy. The researchers further refined their TIL selection process by applying a secondary algorithmic filter to screen for only those tumor-reactive T-cells with "high avidity" -- that is, those that bind strongly to tumor antigens.




"TRTpred is exclusively a predictor of whether a TCR is tumor reactive or not," Harari explained. "But some tumor-reactive TCRs bind very strongly to tumor cells and are therefore very effective, while others only do so in a lazy way. Distinguishing the strong binders from the weak ones translates into efficacy."

The researchers demonstrated that T cells flagged by TRTpred and the secondary algorithm as both tumor-reactive and having high avidity were more often found embedded within tumors rather than in the adjacent supportive tissue, known as stroma. This finding aligns with other research showing that effective T cells typically penetrate deep into tumor islets.

The team then introduced a third filter to maximize recognition of diverse tumor antigens. "What we want is to maximize the chances the TILs will target as many different antigens as possible," Harari said.

This final filter organizes TCRs into groups based on similar physical and chemical characteristics. The researchers hypothesized that TCRs in each cluster recognize the same antigen. "So, we pick within each cluster one TCR to amplify, so that we maximize the chances of distinct antigen targets," said Vincent Zoete, a computational scientist at Ludwig Lausanne who developed the TCR avidity and the TCR clustering algorithms.

The researchers call the combination of TRTpred and the algorithmic filters MixTRTpred.

To validate their approach, Harari's team cultivated human tumors in mice, extracted TCRs from their TILs and used the MixTRTpred system to identify T cells that were tumor-reactive, had high avidity and targeted multiple tumor antigens. They then engineered T cells from the mice to express those TCRs and showed that these cells could eliminate tumors when transferred into the mice.




"This method promises to overcome some of the shortcomings of current TIL based therapy, especially for patients dealing with tumors not responding to such therapies today," said Ludwig Lausanne Director George Coukos, a co-author of the study who is planning to launch a Phase I clinical trial that will test the technology in patients.

"Our joint efforts will bring forth a completely new type of T cell therapy."

This study was supported by Ludwig Cancer Research, the Swiss National Science Foundation, the Cancera Foundation, the Mats Paulssons Foundation and the Biltema Foundation.

Alexandre Harari is a PI in the Hi-TIDe team at Ludwig Lausanne and an associate professor at the University of Lausanne.
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Biomarker found to help identify cells that can repair damaged blood vessels | ScienceDaily
Researchers have discovered a protein marker to help identify cells able to repopulate in patients with damaged blood vessels. Their findings, recently published in Circulation, could lead to new therapies for people with endothelial dysfunction, a type of disorder that contributes to coronary artery disease that may occlude with plaque and lack ability to carry sufficient blood into the heart tissue causing a heart attack.


						
"This study is the first to establish that a single, prospective marker identifies vascular clonal repopulating endothelial cells (CRECs)," said Chang-Hyun Gil, PhD, MS, assistant research professor of surgery at the Indiana University School of Medicine and co-first author of the study. "These exciting findings could lead to new cell therapies for repair of damaged vessels for patients."

The researchers analyzed the potential of endothelial cells, which make up the protective inner layer of blood vessels, that express a protein called ABCG2 to make colonies, self-renew and form vessels. These cells could form new blood vessels and contributed to the repair of heart tissue blood vessels after a heart attack.

"By analyzing the genes and proteins in these cells, we identified specific pathways involved in blood vessel formation and tissue regeneration," Gil said. "We discovered that ABCG2 involved in blood vessel development are more active in these cells compared to others, suggesting these specific endothelial cells have the potential to be used in repairing damaged blood vessels. AbcCRECs are becoming an important cell type to be considered for use in human patients suffering from a variety of diseases such as peripheral arterial disease, diabetes, diabetic proliferative retinopathy, acute kidney disease and cardiovascular disease."

"It is particularly important that this protein marker identified the CRECs in both mouse and human subjects," said Mervin C. Yoder, MD, Distinguished Professor Emeritus at the IU School of Medicine and a professor of surgery at the University of Pittsburgh. "Few markers have been found that permit prospective isolation of endothelial cells with reparative properties in both mice and humans, making these findings exciting for future study."

The team has been studying these types of endothelial cells for more than seven years. Further experiments and studies are needed to better understand the functions and mechanisms of AbcCRECs. This will help in developing methods to apply these cells in treating vascular damage and diseases. Additionally, clinical trials are required to validate the therapeutic efficacy of AbcCRECs and explore how to apply the treatment to patients.
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Chimps learn and improve tool-using skills even as adults, study finds | ScienceDaily
Chimpanzees continue to learn and hone their skills well into adulthood, a capacity that might be essential for the evolution of complex and varied tool use, according to a study publishing May 7 in the open-access journal PLOS Biology by Mathieu Malherbe of the Institute of Cognitive Sciences, France and colleagues.


						
Humans have the capacity to continue learning throughout our entire lifespan. It has been hypothesized that this ability is responsible for the extraordinary flexibility with which humans use tools, a key factor in the evolution of human cognition and culture. In this study, Malherbe and colleagues investigated whether chimpanzees share this feature by examining how chimps develop tool techniques as they age. The authors observed 70 wild chimps of various ages using sticks to retrieve food via video recordings collected over several years at Tai National Park, Cote d'Ivoire. As they aged, the chimps became more skilled at employing suitable finger grips to handle the sticks. These motor skills became fully functional by the age of six, but the chimps continued to hone their techniques well into adulthood. Certain advanced skills, such as using sticks to extract insects from hard-to-reach places or adjusting grip to suit different tasks, weren't fully developed until age 15. This suggests that these skills aren't just a matter of physical development, but also of learning capacities for new technological skills continuing into adulthood.

Retention of learning capacity into adulthood thus seems to be a beneficial attribute for tool-using species, a key insight into the evolution of chimpanzees as well as humans. The authors note that further study will be needed to understand the details of the chimps' learning process, such as the role of reasoning and memory or the relative importance of experience compared to instruction from peers.

The authors add, "In wild chimpanzees, the intricacies of tool use learning continue into adulthood. This pattern supports ideas that large brains across hominids allow continued learning through the first two decades of life."
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Sedentary lifestyle puts strain on young hearts | ScienceDaily
According to a recent Finnish study, high levels of sedentary behaviour and physical inactivity from childhood strain the heart in adolescence. High cardiac workload predicts heart failure and other heart diseases. In light of the findings, increasing moderate and vigorous physical activity from childhood onwards is particularly important in preventing heart diseases.


						
In a collaborative study by the Faculty of Sport Sciences at the University of Jyvaskyla and the Institute of Biomedicine at the University of Eastern Finland, sedentary behaviour and physical activity were followed from childhood to adolescence for eight years. The study showed that adolescents accumulating high levels of sedentary behaviour and low levels of moderate to vigorous physical activity from childhood onwards had a higher cardiac workload in adolescence. Cardiac workload was particularly high in adolescents accumulating low levels of vigorous physical activity.

In addition, high levels of sedentary behaviour and low levels of physical activity were associated with a higher total body fat percentage. Body fat percentage partly explained the associations between sedentary behaviour, physical activity, and cardiac workload. Light physical activity was not associated with cardiac workload.

The results emphasise the importance of increasing physical activity, especially moderate and vigorous activity, reducing sedentary behaviour, and preventing overweight from childhood to prevent heart diseases.

"Youth spend nine to ten hours a day being sedentary," says Dr. Eero Haapala from the Faculty of Sport and Health Sciences at the University of Jyvaskyla, "and only one in ten adolescents accumulated 60 minutes of daily moderate to vigorous physical activity. These are worrying figures."

"High levels of daily moderate to vigorous physical activity should be a normal part of childhood and adolescence as it improves heart health, but also general well-being," Haapala emphasises.

The study is based on the ongoing Physical Activity and Nutrition in Children (PANIC) study conducted at the Institute of Biomedicine at the University of Eastern Finland. Sedentary behaviour and physical activity levels were followed for eight years from childhood to adolescence in 153 adolescents. Heart function and strain were measured in adolescence. The study was published in the Journal of the American Heart Association.
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Years after his death, late scientist's work could yield new cancer treatments | ScienceDaily
Some of the final work of a late University of Virginia School of Medicine scientist has opened the door for life-saving new treatments for solid cancer tumors, including breast cancer, lung cancer and melanoma.


						
Prior to his sudden death in 2016, John Herr, PhD, had been collaborating with UVA Cancer Center's Craig L. Slingluff Jr., MD, to investigate the possibility that a discovery from Herr's lab could help treat cancer.

Eight years of research has borne that idea out: Herr's research into the SAS1B protein could lead to "broad and profound" new treatments for multiple cancers, many of which are very difficult to treat, Slingluff reports in a new scientific paper in the Journal for ImmunoTherapy of Cancer. Herr is listed as a senior author on the paper.

"John was very excited about this protein SAS1B to be a valuable new target on human cancers, and I am delighted that our findings together further support his hope to make such a difference," said Slingluff, a surgical oncologist and translational immunologist at UVA Health and the UVA School of Medicine. "The work we published included work done by Dr. Herr and his team over a period of years, as well as our subsequent work together; so, I am glad that the journal agreed with our request to include John as a senior author."

Promising New Cancer Target

Herr's lab was not originally focused on cancer -- he was the head of UVA's Center for Research in Contraceptive and Reproductive Health. In that role, he developed the first home fertility test for men, SpermCheck, which is available in pharmacies across the country. But his discoveries about the SAS1B protein found in developing eggs in women could pave the way for new cancer immunotherapies.

While SAS1B is found inside female reproductive cells called oocytes, it is also found on the surface of many different solid cancer cells, Slingluff's new research verifies. Importantly, it did not appear on the surface of any of the other normal cells Slingluff's laboratory tested. That suggests that doctors may be able to develop use antibody-based immunotherapy -- such as antibody-drug conjugates or CAR T-cell therapy, a strength of UVA Health -- to attack the cancer cells while sparing healthy tissue.




"Selectively targeting SAS1B has the potential to have broad and profound impact on the treatment, and therefore reduction in mortality, of multiple malignancies," Slingluff and his colleagues write in their new paper.

While much more work needs to be done, the new findings are promising. If the approach is successful, it could be a big step forward in cancer care. Many solid-organ cancers are extremely difficult to treat, and patients often have few good treatment options, Slingluff notes.

"Immune therapy is revolutionizing treatment of human cancers," Slingluff said. "But some cancers have been particularly resistant to immune therapy because of the lack of good targets on those cancers. We hope that this work that John Herr started will bring new hope to patients with those cancers."

Finding new ways to improve cancer care is a foundational mission of UVA Cancer Center, one of only 56 cancer centers to receive "comprehensive" designation from the National Cancer Institute. The designation honors elite cancer centers with the most outstanding cancer care and research programs in the country.

Advancing the field of immunotherapy is also a key mission of UVA's forthcoming Paul and Diane Manning Institute of Biotechnology. Now under construction at Fontaine Research Park, the institute is poised to accelerate the development of new treatments and cures for a wide variety of diseases, ultimately transforming how healthcare is delivered across Virginia and beyond.
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US geographic region results in vastly different anal cancer risk for people with HIV | ScienceDaily
A new study that followed a cohort of more than 110,000 people establishes significant disparities in the risk of anal cancer for people with HIV and for men who have sex with men with HIV, depending on the region of the country they live in.


						
It's known that people with HIV have the highest risk of anal cancer, said lead author Ashish A. Deshmukh, Ph.D., co-leader of the Cancer Control Research Program at MUSC Hollings Cancer Center.

But this study, published in the Journal of the National Cancer Institute on May 7, is the first to show vast geographic disparities in anal cancer risk and an association with opportunistic illnesses and co-morbidities, like diabetes, chronic kidney disease and cardiovascular disease, for people with HIV.

Almost all cases of anal cancer are caused by the human papillomavirus (HPV). It seems that there's some as-yet-unknown effect, such as inflammation, in people with co-morbidities that allows the HPV to gain a foothold and cause cancer to develop, the paper notes.

People with HIV have a greater relative risk of anal cancer compared with people without HIV, no matter where they live. But the study showed that the relative risk varies across the country -- it's higher for people with HIV in the Midwest or South than the West or Northeast.

"In the Northeast, the risk for people with HIV compared to people without HIV is 16-fold higher," Deshmukh said. "But for people with HIV in the Midwest, the risk increases to almost 47.5-fold, reaching nearly 100-fold for men who have sex with men with HIV."

Deshmukh has a few preliminary theories about the causes of these differences but cautioned that this study doesn't attempt to determine the reasons.




"The objective was to understand whether there are disparities and what may be important risk factors," he said. The results of this study provide the foundation for further research into the causes underlying these disparities.

However, he noted that screening rates for anal cancer are relatively higher in the Northeast and West. New York state, for example, stands out as the only state with established guidelines for anal cancer screening, a rarity given the absence of national guidelines and the lack of specific protocols in other states for this relatively rare cancer, among the general population.

Various professional societies have begun to develop screening guidelines. In fact, Deshmukh contributed to the recent International Anal Neoplasia Society's consensus guidelines, published in January.

Those guidelines started with the premise of beginning screening at specific ages based on risk -- for example, beginning screening at age 35 for men with HIV who have sex with men and 45 for women with HIV and other men with HIV.

However, this new study suggests that guidelines should consider risk factors like previous opportunistic illnesses or having had a CD4 count below 200. CD4 count is the number of CD4 T-cells, a type of white blood cell, in the blood. A count above 500 is considered healthy, but a count below 200 can trigger an AIDS diagnosis.

Deshmukh said that he hopes to see the U.S. Preventive Services Task Force develop guidelines for anal cancer screening. The task force previously determined that there wasn't enough information about the risk-benefit balance of anal cancer screening to issue guidelines, Deshmukh said.




However, his ongoing research will provide direct evidence quantifying the potential harms versus benefits of screening for anal cancer among people with HIV.

"We hope that the U.S. Preventive Services Task Force will again take on this topic and evaluate the evidence once we have more data on the harms and benefits of anal cancer screening," he said.

The current paper notes that anal cancer among people with HIV appears to be on the decline. However, it warns that geographic disparities could increase if the differences in screening activity remain.

This work was supported by grants from the National Institutes of Health and the Canadian Institues of Health Research. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health or the Centers for Disease Control and Prevention.
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Intermittent fasting protects against liver inflammation and liver cancer | ScienceDaily
Fatty liver disease often leads to chronic liver inflammation and can even result in liver cancer. Scientists from the German Cancer Research Center (DKFZ) and the University of Tubingen have now shown in mice* that intermittent fasting on a 5:2 schedule can halt this development. The fasting regime reduces the development of liver cancer in mice with pre-existing liver inflammation. The researchers identified two proteins in liver cells that are jointly responsible for the protective effect of fasting. An approved drug can partially mimic this effect.


						
The most common chronic liver condition is non-alcoholic fatty liver disease. It can have serious consequences: If left untreated, it can lead to liver inflammation (metabolic dysfunction-associated steatohepatitis, MASH), liver cirrhosis and even liver cancer. Fatty liver disease is largely considered to be a direct consequence of obesity. It is not only people in Europe and the USA who have put on enormous amounts of weight in recent decades; obesity is also becoming increasingly widespread in emerging countries such as India and China. As a result, the number of cases of liver failure and liver cancer is rising sharply in the countries affected.

"The vicious circle of an unhealthy diet, obesity, liver inflammation and liver cancer is associated with major restrictions and suffering for those affected and also represents a considerable burden on healthcare systems," says Mathias Heikenwalder, DKFZ and University of Tubingen. "We have therefore investigated whether simple dietary changes can specifically interrupt this fatal process."

Intermittent fasting has already been shown in several studies to be an effective means of reducing weight and alleviating certain metabolic disorders. Heikenwalder's team has now tested in mice whether this approach can also protect the liver from fatty degeneration and chronic inflammation.

Resistance to liver inflammation is independent of calorie intake

The animals were fed with a high-sugar and high-fat diet correspondind to the typical Western diet. One group of mice had constant access to the food. As expected, these animals gained weight and body fat and developed chronic liver inflammation.

The mice in the other group were given nothing to eat on two days a week (5:2 intermittent fasting, or 5:2 IF for short), but were allowed to eat as much as they wished on the other days. Despite the high-calorie diet, these animals did not put on weight, showed fewer signs of liver disease and had lower levels of biomarkers that indicate liver damage. In short, they were resistant to the development of MASH.




Interestingly, resistance to the development of a fatty liver was independent of the total calorie intake, as the animals immediately made up for the lost rations after the end of the fasting periods.

When experimenting with different variants of intermittent fasting, it was found that several parameters determine protection against liver inflammation: The number and duration of fasting cycles play a role, as does the start of the fasting phase. A 5:2 dietary pattern works better than 6:1; 24-hour fasting phases better than 12-hour ones. A particularly unhealthy diet requires more frequent dieting cycles.

Heikenwalder's team now wanted to find out the molecular background of the response to fasting. To this end, the researchers compared protein composition, metabolic pathways and gene activity in the liver of fasting and non-fasting mice. Two main players responsible for the protective fasting response emerged: the transcription factor PPARa and the enzyme PCK1. The two molecular players work together to increase the breakdown of fatty acids and gluconeogenesis and inhibit the build-up of fats.

"The fasting cycles lead to profound metabolic changes, which together act as beneficial detoxification mechanisms and help to combat MASH," says Heikenwalder, summarizing the molecular details.

The fact that these correlations are not just a mouse phenomenon was shown when tissue samples from MASH patients were examined: Here, too, the researchers found the same molecular pattern with reduced PPAR a and PCK1. Are PPAR a and PCK1 actually responsible for the beneficial effects of fasting? When both proteins were genetically switched off simultaneously in the liver cells of the mice, intermittent fasting was unable to prevent either chronic inflammation or fibrosis.

The drug pemafibrate mimics the effects of PPARa in the cell. Can the substance also mimic the protective effect of fasting? The researchers investigated this question in mice. Pemafibrate induced some of the favorable metabolic changes that were observed with 5:2 fasting. However, it was only able to partially mimic the protective effects of fasting. "This is hardly surprising, as we can only influence one of the two key players with pemafibrate. Unfortunately, a drug that mimics the effects of PCK1 is not yet available," explains Mathias Heikenwalder.




Intermittent fasting as liver therapy 

While Heikenwalder and his team initially focused on the effects of intermittent fasting on the prevention of MASH, they then investigated whether the 5:2 diet could also alleviate existing chronic liver inflammation.

To this end, the team examined mice that had developed MASH after months of being fed a high-sugar, high-fat diet. After a further four months of 5:2 intermittent fasting (on the same diet), these animals were compared with the non-fasting control group. The fasting mice had better blood values, less fatty liver and liver inflammation and above all: they developed less liver cancer and had fewer cancer foci in the liver.

"This shows us that 5:2 intermittent fasting has great potential -- both in the prevention of MASH and liver cancer, as well as in the treatment of established chronic liver inflammation," summarizes principal investigator Heikenwalder. "The promising results justify studies in patients to find out whether intermittent fasting protects against chronic liver inflammation as well as in the mouse model."

The 5:2 fasting regimen is popular. It is considered comparatively easy to integrate into everyday life, as the fasting days can be tailored to personal needs and no specific foods are prohibited. "Nevertheless, there will always be people who can't stick to a strict diet in the long term," says Heikenwalder. "That's why we want to continue to investigate which combinations of drugs we can use to fully mimic the protective effects of fasting."

Publication:

Suchira Gallage, Adnan Ali, Jose Efren Barragan Avila, Nogayhan Seymen, Pierluigi Ramadori, Vera Joerke, Laimdota Zizmare, Jan Kosla, Xin Li, Enrico Focaccia, Suhail Yousuf, Tjeerd Sijmonsma, Mohammad Rahbari, Katharina S. Kommoss, Adrian Billeter, Sandra Prokosch, Ulrike Rothermel, Florian Mueller, Jenny Hetzer, Danijela Heide, Tim Machauer, Nisar P. Malek, Thomas Longerich, Adam J. Rose, Susanne Roth, Johannes Schwenck, Christoph Trautwein, Mohammad M Karimi, Mathias Heikenwalder: PPAR alpha agonist pemafibrate recapitulates aspects of hepatic fasting response

* Why was it necessary to study mice for this experiments?

A high-calorie, unbalanced diet and a sedentary lifestyle are contributing to the sharp rise in the proportion of obese people in many parts of the world. Obesity also increases the risk of a whole range of secondary diseases for those affected, including cardiovascular diseases, metabolic diseases, cancer and joint problems. Understanding these correlations and, ideally, intervening in a targeted manner is an extremely important research goal.

Several organs and organ systems are jointly involved in the development of obesity-related health consequences. The liver, pancreas, brain, lymphatic organs and fatty tissue work together here, which cannot be simulated in the culture dish. The intestine can also play a role in the development of MASH. The spontaneous development of liver cancer from a fatty liver can therefore only be recapitulated and investigated if all these factors interact.

Also crucial is the influence of immune cells that migrate from the periphery of the body into the fatty liver, are activated there and migrate back into the body, where they interact with the fatty tissue. This can only be investigated in an intact organism. Experiments with mice are also necessary to understand which length of fasting periods achieves the most favorable health results in the context of the circadian (day/night) rhythm.
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Seeking medical insights in the physics of mucus | ScienceDaily
As much as we might not want to think about it, mucus is everywhere in our bodies. It coats our airways and our digestive systems and serves as a first line of defense against pathogens, a habitat for our microbiomes, and a conveyor belt for our insides to keep everything moving smoothly.


						
The front-line role of mucus means it is often the site of the first symptoms of infection or disease. Understanding how mucus changes, and what it changes in response to, can help diagnose illnesses and develop treatments. Designing a study to measure the physical properties of mucus, however, is nothing to sneeze at.

In APL Bioengineering, by AIP Publishing, researchers from Stanford University developed a system to grow mucus-producing intestinal cells and study the characteristics of the mucus in different conditions. Their platform can explore the effects of pathogens and help develop medications to combat them.

Currently, researchers looking to study intestinal mucus commonly use lab animals for their experiments. These animals would be given a pathogen or drug, and researchers would surgically remove the intestinal mucus to study the effects. This process is expensive, complex, and most importantly, deeply unpleasant for the animals.

In addition, the researchers say, the act of removing the mucus is likely to change how it behaves, making any obtained results unreliable.

"When people collect the mucus from the animal, they'll pipette it off or scrape it off," said author Margaret Braunreuther. "But what we found is that when we pipette the mucus layer from our cell culture, we see a very different behavior after that action. We think that the act of pipetting or scraping this very soft polymeric solution is resulting in more liquidlike behavior."

The alternative process developed by the Stanford team involves growing a layer of intestinal cells on a laboratory plate exposed to air. These cells produce a layer of mucus that the researchers can easily access for testing. Using a magnetic wire, they could measure the consistency of the mucus without affecting its properties.




"We put this wire on the mucus layer of the live cells, and then we applied a magnetic force to this probe and measured its displacement," said Braunreuther. "From the relationship between the applied force and the magnetic wire displacement, we can then calculate the rheological properties of the material."

Using this setup, the team simulated an infection by a parasitic worm to observe how the mucus responds. This study serves as both a practical demonstration of their platform and a glimpse into how these infections could be treated.

The group is now exploring even more ways to leverage their approach for better mucus health.

"We have a parallel effort to study airway mucus, looking at conditions such as cystic fibrosis and acute asthma," said author Gerald Fuller. "We also started a collaboration with a group in Berlin to develop drugs to restore a healthy mucus response."
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Study sheds light on cancer cell 'tug-of-war' | ScienceDaily
Understanding how cancerous cells spread from a primary tumor is important for any number of reasons, including determining the aggressiveness of the disease itself. The movement of cells into the extracellular matrix (ECM) of neighboring tissue is an essential step in cancer progression that directly correlates to the onset of metastasis.


						
In APL Bioengineering, by AIP Publishing, a team of researchers from Germany and Spain used a breast cancer cell line panel and primary tumor explants from breast and cervical cancer patients to examine two different cellular contractility modes: one that generates collective tissue surface tension that keeps cell clusters compact and another, more directional, contractility that enables cells to pull themselves into the ECM.

"We focused on two parameters, namely the ability of the cells to pull on the ECM fibers and generate traction forces and on their ability to pull on each other, thereby generating a high tissue surface tension," said author Eliane Blauth. "We linked each property to different contractile mechanisms and asked how they are connected to cancer cell escape and tumor aggressiveness."

The team found that more aggressive cells pull more strongly on the ECM than on themselves while noninvasive cells pull more strongly on themselves than on the ECM -- and that the different pulling behaviors are attributed to different structures of actin cytoskeleton inside the cells. Invasive cells use predominantly actin stress fibers -- thick actin bundles that span the cell -- to generate forces on their surroundings, while noninvasive cells generate forces through their actin cortex, a thin network directly under the cell membrane.

The study showed it is not the overall magnitude of these contractility modes but the interplay between them that determines a cell's potential for escape. Experiments with only moderately invasive cells demonstrated the total force these cells generate on the ECM fibers is comparable to that of noninvasive cells, yet they can still detach and invade the ECM, which is not possible for noninvasive cells.

"The noninvasive cells still have a high cortical contractility, keeping them together, while the moderately invasive cells have a nearly disappearing cortical contractility," said Blauth. "So not much is holding them back even though they pull much weaker on the ECM fibers."

The team's measurements with patient-derived vital tumor explants confirmed their findings from the cell line experiments. Here, the number of cells with a high cortical contractility decreased during tumor progression.

"This further indicates that the ability of the cells to pull on each other and hold themselves clustered together becomes weaker as the tumor grows, potentially increasing metastasis risk."
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Fruit fly model identifies key regulators behind organ development | ScienceDaily
A new computational model simulating fruit fly wing development has enabled researchers to identify previously hidden mechanisms behind organ generation.


						
Because organs develop in remarkably similar ways in fruit flies and people, biological insights from this model can be used to inform the diagnosis and treatment of human diseases such as cancer, Alzheimer's and congenital genetic birth defects.

Jeremiah Zartman, associate professor of chemical and biomolecular engineering at the University of Notre Dame, worked with a multidisciplinary research team that included collaborators from the University of California, Riverside to develop a fruit fly model to reverse engineer the mechanisms that generate organ tissue.

The team's findings, which offer a deeper understanding of the chemical and mechanical levers regulating organ cell size and shape, have been published in Nature Communications.

"We're trying to simulate an organ in the computer -- effectively creating a digital twin of that organ," Zartman said. "We're taking the different cells and parts of cells to see if we can predict how they will interact with each other."

Organs develop in response to what Zartman calls a "symphony" of signals. The researchers' fruit fly model integrates the numerous signals that orchestrate cell movement, contraction, adhesion and proliferation. It also incorporates the mechanical, chemical and structural properties of cell components and accounts for how these properties change over time and in different locations.

Both the model and his lab's experimental results showed that there were two distinct classes of chemical signaling pathways, or sequences of signals, that produce either curved or flat tissues -- identifying the flexibility and tunability of generating an organ of a specified shape.




Cells receiving signals from insulin led to an increase in the curvature of the tissue, while cells receiving inputs from two other key growth regulators flattened tissue. The researchers discovered that these growth regulators also manipulated the cell's internal framework, or cytoskeleton, to further sculpt cell size and shape.

The Zartman group's big-picture goal is to identify the extent to which the biological rules gleaned from simulated fly organ studies are shared with systems as distinct as plants, fish and humans.

"Our goal for the future is to develop a digital prototype organ that tackles a fundamental question in biology -- how do cells generate functional organs?" Zartman said.

The team's ongoing work is funded by National Science Foundation's Emergent Mechanisms in Biology of Robustness, Integration & Organization (EMBRIO) Institute as well as the Models for Uncovering Rules and Unexpected Phenomena in Biological Systems (MODULUS) program.
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A new mother's immune status varies with her feeding strategy | ScienceDaily
In one of the first studies of its kind, UC Santa Barbara researchers have found that the immune status of postpartum mothers shifts with how she feeds her baby. According to a paper published in the journal Scientific Reports, certain inflammatory proteins -- substances that are secreted as part of an immune response -- peak at different times of day, correlating with whether the mothers breastfeed, pump or formula-feed their babies.


						
"It's a great study; there are so many unanswered questions about maternal health in the postpartum period," said Amy Boddy, a human biologist and evolutionary theorist at UCSB's Department of Anthropology, and senior author of the paper. It's a rare deep look at immunity from the postpartum mother's perspective, which she hopes will become a springboard for future research.

Indeed, she said, much of the research on the effects of breastfeeding concentrate on the infant, with many findings that demonstrate benefits of breastfeeding to the baby's immunity and development. In the longer term, mothers who have breastfed also have a lower risk for developing certain cancers and diabetes.

But how about women within the crucial first months to years after childbirth? To investigate, Boddy, lead author and co-Principal Investigator Carmen Hove and team followed a population of 96 women in the Seattle area who had given birth within the previous six months and collected their saliva twice over a 24-hour period, once before going to bed, and again in the morning after waking. Because the COVID-19 pandemic had just hit and everyone was on lockdown, the researchers found themselves with an unexpectedly ideal experimental situation, in which the mothers' environments were heavily controlled for infections which could confound the immunity readings.

"It was kind of a perfect natural experiment, because we're looking at immune function and of the reports, no one was sick," Boddy said. The goal? To follow cyclical levels of five types of proteins (labeled CRP, IL-1b. IL-6, IL-8 and TNF-a) that indicate inflammation that is a marker of immune response.

"It's been shown before that breastfeeding has a suite of inflammatory responses to it," Boddy explained. "Inflammation isn't always a bad thing -- the breast is remodeling, functioning and doing things in the body." The proteins' diurnal patterns meant that generally speaking, concentrations are typically higher in the mornings and lower in the evenings. What the researchers were interested in was seeing out-of-the-ordinary levels in the normal ebb and flow of these proteins and how they matched up with the new mothers' infant feeding strategies.

For several proteins, there were no measurable deviances in the morning and evening levels no matter whether the mothers pumped or breastfed. However, for the C-reactive protein (CRP) the researchers found that levels peaked in the evenings for women who relied heavily on breastfeeding, reversing the normal diurnal trend.




"We expected that low rates of lactating would be associated with a relatively high morning peak in CRP and vice versa,"Hove said. "What we ended up finding is that among mothers who reported intensive lactation, via either breastfeeding or pumping, CRP was higher at nighttime." More research is needed to determine the precise effects of this unique pattern in breastfeeding or lactating mothers, she added.

"We don't know exactly what's going on here," Boddy said, "maybe not emptying your breast fully, leads to inflammation." Or maybe it's the other direction, and the inflammation is a healing response from pregnancy. Maybe the incomplete emptying is a change of behavior due to stress. Perhaps the stress is the result of interrupted sleep that comes with round-the-clock breastfeeding schedules. "We don't have the causal arrow of what's going on; it's just an association," she said. "This study shows that there is a unique immune profile, and we should study this in more detail."

What this study reveals is the true complexity of postpartum breastfeeding. Breastfeeding is part of an ongoing physiological negotiation between mother and the new baby which favors the infant, Boddy said.

"There's something in evolutionary biology called maternal-fetal conflict. The idea is, when you've two bodies in one maternal unit, that the baby always wants a little more than the mother has to give," she explained. This research dives into the gray area of postpartum health from the mother's perspective, particularly in the realm of breastfeeding and immunity.

Indeed, despite the ideal, long promoted by institutes such as the World Health Organization that "breast is best," the researchers found that even from their sample of educated, relatively affluent women, there existed a combination of lactation feeding strategies, highlighting challenges of exclusive at-the-nipple feeding.

"There's been a lot of pushback, mostly from lactating mothers, centered around time constraints. Our society doesn't make it easy for us to actually breastfeed and have lactational support," said Boddy, who nursed both her children as infants and found it "challenging to meet breastfeeding goals." In addition, the guidelines aren't clear on when breastfeeding should end. When do the physiological and other benefits diminish for the mother in this ongoing negotiation, which could last years? Could this information yield some insight on other trends, such as maternal mortality?

The researchers hope to study the topic more deeply, and on a more individual level, to tease out further patterns in postpartum health and breastfeeding, such as with the various hormones involved in lactation.

"I think this study has opened up more questions than what we've answered. What we would like to do is follow some of these same women throughout the course of their postpartum experience," Boddy said. "It's always been challenging to find the best way of feeding our babies and breastfeeding is so demanding."
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Genetics, not lack of oxygen, causes cerebral palsy in quarter of cases | ScienceDaily
The world's largest study of cerebral palsy (CP) genetics has discovered genetic defects are most likely responsible for more than a quarter of cases in Chinese children, rather than a lack of oxygen at birth as previously thought.


						
The study, published in the scientific journal, Nature Medicine used modern genomic sequencing and found mutations were significantly higher in CP cases with birth asphyxia, indicating a lack of oxygen could be secondary to the underlying genetic defect. The results are consistent with smaller studies globally.

More than 1,500 Chinese children with CP were involved in this research project, which was a collaborative effort between the University of Adelaide and Fudan University Shanghai, Zhengzhou University, Zhengzhou and associates.

The Australian team was led by obstetrician and University of Adelaide's Emeritus Professor Alastair MacLennan AO and human geneticist, Professor Jozef Gecz.

"24.5 per cent of Chinese children in the study had rare genetic variations linked to cerebral palsy. This revelation mirrors our earlier findings in our Australian cerebral palsy cohort, where up to one third of cases have genetic causes," said Professor Gecz, who is the University of Adelaide's Head of Neurogenetics at the Adelaide Medical School and the Robinson Research Institute.

"Our research shows at least some babies who experience birth asphyxia and are diagnosed with CP may have improper brain development as a result of the underlying genetic variants rather than a lack of oxygen.

"Crucially, clinically actionable treatments were found in 8.5 per cent of cases with a genetic cause. It is exciting to see how genetic pathways to cerebral palsy inform tailored treatments for these individuals."

Cerebral palsy affects movement and posture and is the most common motor disability in children. The disorder is diagnosed in up to 2 per 1000 children globally and is sometimes in association with epilepsy, autism and intellectual difficulties. Symptoms often emerge during infancy and early childhood and can range from mild to severe.




The research team identified 81 genes with causation mutations in the children with CP. These genes are known to play important roles in neural and embryonic development and may affect the molecular pathways responsible for respiration.

"A lack of oxygen at birth is often claimed to be the cause of CP in medical litigation following a diagnosis and this has led to the presumption that the condition is preventable with better obstetrics or midwifery. This is simply not the case," said Professor MacLennan, who has spent the past 30 years advocating that there is little scientific evidence to support the myth that cerebral palsy is due to trauma or lack of oxygen at birth.

Professor MacLennan said frequent litigation has been associated with a high increase in "defensive" caesarean delivery and high insurance premiums for obstetricians.

"These results highlight the need for early genetic testing in children with cerebral palsy, especially those with risk factors like birth asphyxia, to ensure they receive the right medical care and treatment.

"All children with cerebral palsy merit modern genetic screening as early and customised interventions really can make a difference and improve their long-term outcomes," he said.

Ongoing genetic research is also investigating other types of contributing genetic variation to the cause of CP and, as a result, the researchers expect that the overall genetic diagnosis rate is likely to increase.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240507150034.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New device that emits magnetic field may offer hope for treating depression | ScienceDaily
A head-mounted device that generates an ultra-low frequency ultralow magnetic field has been found to improve the symptoms of four male patients diagnosed with major depressive disorder. Future trials using the device may offer a safe and noninvasive way of treating depression. The results were published in the Asian Journal of Psychiatry.


						
The presence of a magnetic field with frequencies typically ranging from 0 to 300 Hz is known as an Extremely Low Frequency Magnetic Environment (ELF-ELME). Although the interaction between magnetic fields and biological systems is complex and not well understood, this frequency is believed to stimulate mitochondria and induce their renewal. Since mitochondria generate energy, they offer a potential way to treat many of the symptoms associated with depression such as lethargy.

For this study, the research team led by Professor Toshiya Inada at Nagoya University Graduate School of Medicine and Masako Tachibana of Nagoya University Hospital in Japan enrolled four male Japanese participants diagnosed with depression and receiving treatment between the ages of 18 and 75 years in a clinical trial known as an exploratory first-in human study.

In exploratory studies such as this, both participants and researchers are aware of the treatment being administered. Although the sample size is small and there is no control group, researchers can focus on gathering preliminary data to explore the safety, dosage, and potential efficacy of a new intervention.

Throughout the trial, participants wore a head-mounted magnetic field device that exposed them to ELF-ELME for two hours per day for eight weeks. As predicted, the researchers found that all patients reported a drop in their level of depression.

Although the experiment was an exploratory trial with a limited number of participants and no control group, the findings suggest that larger scale clinical trials are feasible. If such trials prove to be effective, their research could lead to a groundbreaking change in the current clinical practice of depression treatment.

Inada believes that the device has great potential to treat depression more effectively in a patient-centered way. "The magnetic field generated by the device is non-invasive, being 1/4.5 of the Japanese geomagnetic field and less than 1/60 of the International Commission on Non-Ionizing Radiation Protection's general public exposure standard," he said, "We anticipate that patients will be able to receive daily home treatment without even being aware of being in a low magnetic field environment."

He continued: "Compared to current depression treatments, such as long-term antidepressant medications, electroconvulsive therapy, and repetitive transcranial magnetic stimulation, this therapy is superior in terms of convenience and lack of anticipated side effects. We could see our device being used for patients who prefer not to take medication or safely in combination with other treatments."
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Progression of herpesvirus infection remodels mitochondrial organization and metabolism | ScienceDaily
Researchers at the University of Jyvaskyla have found that herpesvirus infection modifies the structure and normal function of the mitochondria in the host cell. The new information will help to understand the interaction between herpesvirus and host cells. Knowledge can be utilized in the development of viral treatments.


						
Herpesviruses not only cause significant diseases but are also promising candidates for oncolytic therapy. The HSV-1 infection depends on the nuclear DNA replication, transcription machinery, and mitochondrial metabolism of the host cell. In the Department of Biological and Environmental Science of the University of Jyvaskyla, docent Maija Vihinen-Ranta, with her research team, investigated time-dependent mitochondrial changes as HSV-1 infection proceeds from early to late infection.

New information on the interaction between the herpesvirus and the host cell

Recent research shows that the infection leads to significant transcriptional modification of genes encoding proteins involved in the mitochondrial network, such as the respiratory chain, apoptosis, and the structural organization of mitochondria. Findings indicate that the infection leads to significant alterations in mitochondrial structure and function, including changes in mitochondrial morphology and distribution, thickening and shortening of cristae, an increase in the number and area of contact sites between mitochondria and the endoplasmic reticulum, as well as a rise in mitochondrial calcium ion content and proton leak.

- Our results show how the progression of infection shifts the balance from healthy to diseased cells and leads to profound perturbations in mitochondrial homeostasis. This can yield further knowledge about the interaction between herpesvirus and host cells, states docent Maija Vihinen-Ranta from the University of Jyvaskyla. She continues to say that this knowledge can be utilized in the development of viral treatments.
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How a 'conductor' makes sense of chaos in early mouse embryos | ScienceDaily
Early embryonic development is tumultuous. It involves a rapid sequence of events, including cell division, differentiation, and lots of compartments moving around within each cell. Like an orchestra performance where each member of the band must start playing at the exact right moment and in perfect harmony, these processes need to be precisely timed and coordinated to ensure the embryo develops normally.


						
How cells make sense of this chaos at the very beginning of an embryo's development is an open question. The protein NKX1-2 a crucial role, according to a new study published today in the journal Stem Cell Reports by ICREA Research Professor Pia Cosma at the Centre for Genomic Regulation (CRG) in Barcelona and Professor Andrea Califano President of the Chan Zuckerberg Biohub New York and Professor at Columbia University.

NKX1-2 behaves like an orchestra's conductor, skilfully ensuring that the genetic instructions for developing the embryo are executed correctly and at the right times. The protein helps manage the production and organisation of the cell's machinery for making proteins (like ribosomes) and is also crucial for keeping chromosomes organized and properly distributed when cells divide.

When the researchers experimentally inhibited the function of NKX1-2 in mice, they found the nucleolus (a part of the nucleus that assembles ribosomes) was severely altered, disrupting the embryo's ability to produce ribosomes correctly. They also found the 2- to 4-cell embryos could not distribute chromosomes correctly during cell division, and would stop growing at these very early stages of development.

"NKX1-2 belongs to a protein family which is known to play crucial roles in early development and organ formation. While we knew that members of this family were important in general development, NKX1-2's specific role, especially in early embryonic stages, wasn't well understood," explains ICREA Research Professor Pia Cosma, corresponding author of the study.

"It is intriguing that such mechanistic determinants of embryogenesis could be identified by assembling and interrogating a mouse embryonic stem cell regulatory network, using methodologies originally developed for cancer research," adds Dr. Califano, co-corresponding author on the study.

Given the similarities in early developmental processes between mice and humans, the findings offer new clues into unexplained causes of developmental problems, including miscarriages. Miscarriages often result from chromosomal abnormalities, which can arise from issues like those observed in the study -- improper chromosome segregation and cell division errors. Further research could explore if there is a human counterpart that influences these fundamental processes as it does in mice, and what happens when it fails.

Despite the importance of NKX1-2 in early embryo development, the researchers suspect more 'conductors' remain to be discovered. "NKX1-2 is expressed at very low levels, which makes it extremely difficult to detect. It's like trying to find a needle in a haystack using traditional methods in biology. Repeating our methods could help find other rare and critical elements that have been historically overlooked," adds Dr. Cosma.
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Scientists cooked pancakes, Brussels sprouts, and stir fry to detect an oxidant indoors | ScienceDaily
A feast cooked up by UBC researchers has revealed singlet oxygen indoors for the first time.


						
Oxi-don't

Singlet oxygen is an oxidant. These chemical compounds can be beneficial -- ozone in the stratosphere is one example -- but can also cause stress to our lungs, contributing to the development of cancer, diabetes, and heart disease in the long term.

Cooking foods can release brown carbon, molecules with the potential to create oxidants when they absorb light. In addition, exposure to cooking emissions has been linked to chronic diseases in chefs.

Historically, it was thought there wasn't enough light indoors to have much reactive chemistry, but there are many light sources in modern kitchens.

Sprouts + sunlight = oxidant

UBC researchers thought if all the right ingredients were in place -- namely, cooking in a lit area -- they might find singlet oxygen indoors where it had never been detected.




They investigated by cooking three meals representing breakfast, lunch and dinner: pancakes, Brussels sprouts, and vegetable stir fry, sampling the air and exposing it to three different types of light: UV, sunlight, and fluorescent.

They detected singlet oxygen at around the same concentration for all three dishes. However, its highest concentration occurred in sunlit experiments, meaning naturally lit kitchens likely see more of this oxidant.

Venting is healthy

The COVID-19 pandemic has helped raise public awareness of indoor air quality.

The researchers recommend ventilation and air filtration in kitchens to reduce exposure to aerosols while cooking.

"Our next steps include determining just how this oxidant might affect humans and how much we're breathing in when we cook. Could it play a role in some cooking-related diseases?" said senior author Dr. Nadine Borduas-Dedekind, UBC chemistry assistant professor.
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Small pump for kids awaiting heart transplant shows promise | ScienceDaily
A small, implantable cardiac pump that could help children await heart transplants at home, not in the hospital, has performed well in the first stage of human testing.


						
The pump, a new type of ventricular assist device, or VAD, is surgically attached to the heart to augment its blood-pumping action in individuals with heart failure, allowing time to find a donor heart. The new pump could close an important gap in heart transplant care for children.

In a feasibility trial of seven children who received the new pump to support their failing hearts, six ultimately underwent heart transplants and one child's heart recovered, rendering a transplant unnecessary. The results will be published May 7 in the Journal of Heart and Lung Transplantation. The study was led by the Stanford School of Medicine and included several medical centers in the United States.

If the early results are confirmed in a larger trial of the device, waiting for a heart transplant could become easier for small children and their families. The new pump, called the Jarvik 2015 ventricular assist device, is slightly larger than an AA battery and can be implanted in children weighing as little as 18 pounds. With the pump implanted, kids can take part in many normal activities while they wait for a heart transplant.

By contrast, the only ventricular assist device available to support small children whose hearts are failing, a pump called the Berlin Heart, is not implantable; it is as big as a large suitcase. It weighs between 60 and 200 pounds depending on the model, and is attached to the child with two cannulas almost as large as garden hoses.

The Berlin Heart also carries a fairly high stroke risk and requires hospitalization in most instances, meaning kids often endure months-long hospital stays while they wait for a donor heart. As a result, the burden on children awaiting heart transplant is much higher than it is for adults implanted with heart pumps, who are routinely discharged from the hospital with similar diagnoses.

"While we are extremely grateful to have the Berlin Heart, a life-saving device, ventricular assist devices for adults have been improving every decade, but in pediatrics we're using technology from the 1960s," said the study's lead author, pediatric cardiologist Christopher Almond, MD, professor of pediatrics at Stanford Medicine.




Implantable ventricular assist devices have been available to adults for more than 40 years, Almond noted. Not only do these devices fit inside patients' chests but they tend to be safer and easier to use than external devices like the Berlin Heart. Patients can live at home, go to work or school, take walks and ride bicycles.

The lag in pediatric technology is a problem for other devices designed to help children with heart conditions, and in pediatrics in general, Almond noted. "There's a huge difference in the medical technology available to kids and adults, which is an important public health problem that that markets have struggled to fix because conditions like heart failure are rare in children," he said.

The study's senior author is William Mahle, MD, chief of cardiology at Children's Healthcare of Atlanta.

Far fewer children than adults need heart transplants, leaving little incentive for medical device companies to develop a miniaturized pump for children. But the lack of a small ventricular assist device for children strains the medical system, as children attached to the Berlin Heart accrue large medical bills and can occupy hospital beds in specialized cardiovascular care units for several months, potentially reducing the availability of these beds for other patients.

Promising early findings

The feasibility trial of the Jarvik 2015 ventricular assist device included seven children with systolic heart failure. The condition affects the heart's largest pumping chamber, the left ventricle, which pumps blood from the heart throughout the body. Six children had systolic heart failure caused by a disease called dilated cardiomyopathy, in which the heart muscle becomes enlarged and weakened and does not pump correctly. One child's heart was failing because of complete heart block (electrical failure of the heart) stemming from lupus, an autoimmune disease. All children in the trial were on a heart transplant list.




Each child had a Jarvik 2015 device surgically implanted at the left ventricle, the heart's largest pumping chamber. At the same time, each was started on medication to prevent blood clots and lower the risk of stroke. When they received their pumps, the children were 8 months to 7 years old and weighed 18 to 46 pounds. The pump can be used for children who weigh up to 66 pounds.

If the new pump is approved by medical regulators, physicians estimate that about 200 to 400 children worldwide would be candidates for its use each year.

The trial assessed whether the pump could support patients for at least 30 days without ceasing to function or causing severe stroke. The researchers also collected preliminary safety and performance data to help them design a larger pivotal trial for possible Food and Drug Administration approval.

Although the pump is ideally intended to allow children to await heart transplants at home, because they were part of a clinical trial, the participants stayed in the hospital for monitoring until they received a heart transplant or recovered. The researchers tracked participants' blood pressure, a marker for blood clot and stroke risk; measured hemoglobin levels to check whether the pumps were breaking red blood cells; and monitored patients for other complications.

The median time the children used the pump was 149 days. Six children received heart transplants, and one child's heart recovered.

A few children experienced complications on the new pump. The child whose heart recovered had an ischemic stroke (from a blood clot) when the heart became strong enough to compete with the pump. The pump was removed, and the child continued to recover and was alive a year later. Another patient experienced failure of the right side of the heart and was transferred to a Berlin Heart pump to await transplant.

For most patients, complications were manageable and generally comparable to what physicians expect when a child is attached to a Berlin Heart.

Questionnaires about quality of life showed that most children were not bothered by the device, did not feel pain from it and could participate in most play activities. One family reported that their toddler was able to maintain much more mobility with the pump than his older sibling who had previously been supported with the Berlin Heart.

Larger trial planned

The National Institutes of Health has awarded funding for an expanded trial that will enable researchers to further test the utility of the new pump and generate data to submit to the FDA for approval. The next phase of research is launching now; investigators aim to enroll the first patient by the end of 2024. The research team plans to enroll 22 participants at 14 medical centers in the United States and two sites in Europe.

"We're excited to launch the next phase of the research," Almond said. "We've overcome a number of challenges to get the work this far, and it's very exciting that there may be better options on the horizon for children with end-stage heart failure who require a pump that can act as a bridge to transplant."

Researchers contributed to the study from the University of Texas Southwestern; Texas Children's Hospital, Houston; Columbia University; Children's Healthcare of Atlanta; Nemours Children's Hospital, Florida; Vanderbilt University Medical Center; the National Heart, Lung and Blood Institute; Carelon Research; Stollery Children's Hospital; the Hospital for Sick Children, Toronto; Boston Children's Hospital; Cincinnati Children's Hospital; and the University of Oklahoma, Tulsa.

The study was funded by a contract from the National Institutes of Health/National Heart, Lung, and Blood Institution (grant number HHS N268201200001I).




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240507145956.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



First effective treatment found for spitting cobra snakebite | ScienceDaily
Scientists have discovered a groundbreaking new snakebite treatment to prevent the devastating tissue damage caused by African spitting cobra venom.


						
Spitting cobra venom is incredibly potent and causes dermonecrosis, which presents as rapid destruction of skin, muscle and bone around the site of the snakebite, and can lead to permanent injuries and disfigurements, including limb loss and amputations in extreme cases.

Professor Nicholas Casewell and Liverpool School of Tropical Medicine colleagues including Dr Steven Hall -- who is now at Lancaster University- discovered that using the repurposed small molecule drug varespladib to block one of the two major dermonecrosis-causing toxins in spitting cobra venom prevents skin and muscle damage.

Each year, it is estimated that snakebite causes long term detrimental effects in around 400,000 people across the world, with a substantial proportion of those in Africa the result of spitting cobra bites.

Currently, there is no effective treatment for tackling severe local envenoming caused by spitting cobra venom. Existing antivenoms only work on bites by other snake species and are often ineffective for treating local envenoming because antivenom antibodies are too large to effectively penetrate into the region around the bite site.

Professor Nicholas Casewell of LSTM said: "Our findings hold much promise to improve the treatment of tropical snakebite. Current treatments for spitting cobra bites are widely regarded as being ineffective, meaning that rates of disability and amputation have remained high across much of Africa. Our data shows that blocking just one of the main toxin families in spitting cobra venom will likely prevent the debilitating tissue damage seen in thousands of snakebite patients each year."

Professor Casewell's team, led by PhD student Keirah Bartlett and Dr Steven Hall, then of LSTM and now at Lancaster University, and also involving researchers from Canada, Denmark, Costa Rica and the USA, first analysed spitting cobra venom to identify the toxins responsible for causing venom-induced dermonecrosis. The results showed that cytotoxic three-finger toxins (CTx) are largely responsible but that phospholipases A2 (PLA2) toxins play a critical role in the process.




Local injection of the PLA2-inhibiting drug varespladib reduced the extent of dermonecrosis, even when delivered up to an hour after the venom, and the protection conferred by the drug also extended to venom-induced muscle toxicity.

According to the authors, the findings suggest that varespladib could become an invaluable treatment against the tissue-damaging effects of black-necked and red spitting cobra venoms, which cause extensive morbidity in snakebite victims across the African continent.

Lead author Keirah Bartlett said: "These findings are extremely promising, not only does this offer up a new mode of treatment where previously nothing effective existed, but because varespladib has already gone through testing in human clinical trials, including for snakebite, it could be available for use in real world patients very soon."

Dr Hall added: "Snakebite is a devastating neglected tropical disease, with tissue destruction caused by necrotic snake venoms permanently injuring hundreds of thousands of victims every year. Our work shows that the repurposed drug, Varespladib, is incredibly effective at inhibiting such necrosis caused by African spitting cobras; an exciting finding as their venoms are particularly fast-acting and destructive. We hope this work helps pave the way to future snakebite therapies that can save the lives and limbs of victims worldwide."

Professor Casewell's team are already looking for viable treatments that effectively block the venom CTx. Having treatments available against both toxins has the potential to enhance the potency of varespladib, and could significantly reduce the long-term morbidity associated with spitting cobra bites in Africa and beyond.
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Breakthrough paves the way for next generation of vision implants | ScienceDaily
A group of researchers from Chalmers University of Technology in Sweden, University of Freiburg and the Netherlands Institute for Neuroscience have created an exceptionally small implant, with electrodes the size of a single neuron that can also remain intact in the body over time -- a unique combination that holds promise for future vision implants for the blind.


						
Often when a person is blind, some or part of the eye is damaged, but the visual cortex in the brain is still functioning and waiting for input. When considering brain stimulation for sight restoration, there needs to be thousands of electrodes going into an implant to build up enough information for an image. By sending electrical impulses via an implant to the visual cortex of the brain, an image can be created, and each electrode would represent one pixel.

"This image would not be the world as someone with full vision would be able to see it. The image created by electrical impulses would be like the matrix board on a highway, a dark space and some spots that would light up depending on the information you are given. The more electrodes that 'feed' into it, the better the image would be," says Maria Asplund, who led the technology development part of the project and is Professor of Bioelectronics at Chalmers University of Technology in Sweden.

The vision implant created in this study can be described as a 'thread' with many electrodes placed in a row, one after the other. In the long term you would need several threads with thousands of electrodes connected to each one, and the results of this study are a key step towards such an implant.

The future of vision implants 

An electrical implant to improve vision in people with blindness is not a new concept. However, the implant technology currently being explored in human patients is from the 1990s and there are several factors that need to be improved, for example the bulky size, scarring in the brain due to their large size, materials corroding over time and materials being too rigid.

By creating a really small electrode the size of a single neuron, researchers have the potential to fit lots of electrodes onto a single implant and build up a more detailed image for the user. The unique mix of flexible, non-corrosive materials make this a long-term solution for vision implants.




"Miniaturisation of vision implant components is essential. Especially the electrodes, as they need to be small enough to be able to resolve stimulation to large numbers of spots in the 'brain visual areas'. The main research question for the team was, 'can we fit that many electrodes on an implant with the materials we have and make it small enough and also effective?' and the answer from this study was- yes," says Professor Asplund.

The smaller the size, the worse the corrosion 

To create an electrical implant on such a small scale comes with its challenges, especially in a tough environment, such as the human body. The major obstacle is not to make the electrodes small, but to make such small electrodes last a long time in a moist, humid environment. Corrosion of metals in surgical implants is a huge problem, and because the metal is the functional part, as well as the corroding part, the amount of metal is key. The electrical implant that Asplund and her team have created measures in at a miniscule 40 micrometers wide and 10 micrometers thick, like a split hair, with the metal parts being only a few hundred nanometers in thickness.  And since there is so little metal in the super tiny vision electrode, it cannot 'afford' to corrode at all, otherwise it would stop working.

In the past, this problem has not been possible to solve. But now, the research team have created a unique mix of materials layered up together that do not corrode. This includes a conducting polymer to transduce the electrical stimulation required for the implant to work, to electrical responses in the neurons. The polymer forms a protective layer on the metal and makes the electrode much more resilient to corrosion, essentially a protective layer of plastic covering the metal.

"The conducting polymer metal combination we have implemented is revolutionary for vision implants as it would mean they hopefully could remain functional for the entire implant life-time. We now know it is possible to make electrodes as small as a neuron (nerve cell) and keep this electrode effectively working in the brain over very long timespans, which is promising since this has been missing until now. The next step will be to create an implant that can have connections for 1000s of electrodes," says Asplund, something that is currently explored within a larger team in the ongoing EU project Neuraviper.

More about: the study method 

The method was implemented by the research collaborators at the Netherlands Institute for Neuroscience, where mice were trained to respond to an electrical impulse to the visual cortex of the brain. The study showed that not only could the mice learn to react to the stimulation applied via the electrodes in just a few sessions, but the minimal current threshold for which mice reported a perception was lower than standard metal-based implants. The research team further reported that the functionality of the implant stayed stable over time, for one mouse even until the end of its natural lifespan.
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New study finds increase in exposures to synthetic tetrahydrocannabinols among young children, teens, and adults | ScienceDaily
A sharp rise in exposures to synthetic cannabis products among youth -- some leading to hospitalization -- highlights the need for increased education around the dangers of exposure and increased focus on safe storage and packaging, according to pediatricians and researchers at Nationwide Children's Hospital and the Central Ohio Poison Center.


						
A new study conducted by researchers at the Center for Injury Research and Policy of the Abigail Wexner Research Institute at Nationwide Children's Hospital and the Central Ohio Poison Center examined trends in calls to poison centers across the country for exposures to different types of tetrahydrocannabinol (THC): delta-8 THC, delta-10 THC and THC-O acetate. These products are often referred to as "diet weed" or "hemp products," which leads to a misperception that they are safer alternatives to the more regulated and more abundant delta-9 THC.

The study, published in Clinical Toxicology, found increases in the number of exposures in multiple age groups, with unintentional ingestions by young children being especially concerning.

"Many people don't realize how toxic these products can be, especially to young children. One in four children needed to be hospitalized after exposure," said Hannah Hays, MD, co-author of the study, medical director of the Central Ohio Poison Center and faculty of the Center for Injury Research and Policy at Nationwide Children's. "If someone vapes, smokes, eats edibles or drinks infused beverages with delta-8, delta-10 THC or THC-O, all of those products should be stored up, away, and out of sight and reach of children, preferably in a locked container. These products should never be used in front of kids who might mistake them for food or drinks that they are allowed to have."

Data Highlights

According to the study:
    	U.S. poison centers received 1,746 calls related to delta-8 THC, delta-10 THC, and THC-O acetate exposures in 2021. This number increased by 88% to 3,276 in 2022 -- an average of one call every 2.6 hours.
    	Most cases were single-substance (94%), ingestions (94%) that occurred at a residence (96%) in 20-59-year-olds (40%), <6-year-olds (31%), and 6-19-year-olds (25%). The most common clinical effects were mild central nervous system depression (when signals from the brain and spinal cord decrease) (25%), rapid heartbeat (23%), and agitation (16%). Other clinical effects included moderate central nervous system depression (11%), confusion (7%), hallucinations/delusions (4%) and ataxia (uncoordinated movement) (3%).
    	More than one-third (38%) of cases experienced a serious medical outcome and 16% were admitted to a health care facility. Children <6-years-old accounted for roughly half of those admissions (58% of critical care admissions and 49% of non-critical care admissions).

Safe Storage

Pediatricians and other health care providers should continue to counsel patients and their families about the potential dangers of these products and the importance of safe storage practices, experts recommend:
    	Talk to children about cannabis-related products. Have age-appropriate conversations with children about cannabis-related products, explaining what these products are and why they can be dangerous.
    	If these products are in the home, store them safely. The best way to keep children safe from cannabis-related products is to keep them out of the home. If these products are kept in the home, store them in a safe place away from your children -- stored up and out of sight, away from food, and locked if possible.
    	Don't use these products in front of children. It is helpful to never use these products in front of your children, especially if packaged to look like treats.
    	Talk to friends, family, and other caregivers. Talk with caregivers around your child about cannabis-related products and how to keep these products away from your children. Save the national Poison Help Line number (1-800-222-1222) in your phone and post it in a visible place in your home. The Poison Help Line provides free, confidential advice from experts, 24 hours per day, seven days per week.




Safe packaging

Study investigators also highlight inconsistent regulations of these products from state to state. Because the United States Food and Drug Administration currently does not regulate manufacturing of these products, contaminants such as heavy metals, solvents or pesticides may be found in them and may not be listed on product packaging. In addition, in many states, these products may not have the packaging or labeling requirements that delta-9 THC products have.

While at least 14 states have banned or regulated the sale of these products, they are still available to the public online and in locations like gas stations and small convenience stores. In many places, there may be little to no regulation, with retailers often setting their own minimum purchasing age.

"The current patchwork of state regulations has led to an environment that allows for easily available products that may have unlisted contaminants, inaccurate labels and packaging that can be appealing to children" said Christopher Gaw, MD, co-author of the study, pediatric emergency medicine physician and faculty member of the Center for Injury Research and Policy at Nationwide Children's. "We need clearer regulation of these products with better oversight and enforcement."
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Researchers use foundation models to discover new cancer imaging biomarkers | ScienceDaily
Researchers at Mass General Brigham have harnessed the technology behind foundation models, which power tools like ChatGPT, to discover new cancer imaging biomarkers that could transform how patterns are identified from radiological images. Improved identification of such patterns can greatly impact the early detection and treatment of cancer.


						
The research team developed their foundation model using a comprehensive dataset consisting of 11,467 images of abnormal radiologic scans. Using these images, the model was able to identify patterns that predict anatomical site, malignancy, and prognosis across three different use cases in four cohorts. Compared to existing methods in the field, their approach remained powerful when applied to specialized tasks where only limited data are available. Results are published in Nature Machine Intelligence.

"Given that image biomarker studies are tailored to answer increasingly specific research questions, we believe that our work will enable more accurate and efficient investigations," said first author Suraj Pai from the Artificial Intelligence in Medicine (AIM) Program at Mass General Brigham.

Despite the improved efficacy of AI methods, a key question remains their reliability and explainability (the concept that an AI's answers can be explained in a way that "makes sense" to humans). The researchers demonstrated that their methods remained stable across inter-reader variations and differences in acquisition. Patterns identified by the foundation model also demonstrated strong associations with underlying biology, mainly correlating with immune-related pathways.

"Our findings demonstrate the efficacy of foundation models in medicine when only limited data might be available for training deep learning networks, especially when applied to identifying reliable imaging biomarkers for cancer-associated use cases," said senior author Hugo Aerts, PhD, director of the AIM Program.
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        Discover optimal conditions for mass production of ultraviolet holograms
        Scientists delve into the composition of nanocomposites for ultraviolet metasurface fabrication.

      

      
        Astrophysicists discover a novel method for hunting the first stars
        A recent study has discovered a novel method for detecting the first-generations stars, known as Population III (Pop III) stars, which have never been directly detected. These potential discoveries about Pop III stars hold the promise of unlocking the secrets of the universe's origin and providing a deeper understanding of the remarkable journey from the primordial cosmos to the world we inhabit today.

      

      
        An epigenome editing toolkit to dissect the mechanisms of gene regulation
        A recent study led to the development of a powerful epigenetic editing technology. The system unlocks the ability to precisely program chromatin modifications at any specific position in the genome, to understand their causal role in transcription regulation. This innovative approach will help to investigate the role of chromatin modifications in many biological processes, and to program desired gene activity responses, which may prove useful in disease settings.

      

      
        'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones
        Researchers lay out the need for design safety protocols that prevent the emerging 'digital afterlife industry' causing social and psychological harm.

      

      
        Chemists produce new-to-nature enzyme containing boron
        Chemists created an enzyme with boronic acid at its reactive center. This approach can produce more selective reactions with boron, and allows the use of directed evolution to improve its catalytic power.

      

      
        'Wraparound' implants represent new approach to treating spinal cord injuries
        A tiny, flexible electronic device that wraps around the spinal cord could represent a new approach to the treatment of spinal injuries, which can cause profound disability and paralysis. A team of engineers, neuroscientists and surgeons developed the devices and used them to record the nerve signals going back and forth between the brain and the spinal cord. Unlike current approaches, the new devices can record 360-degree information, giving a complete picture of spinal cord activity.

      

      
        New study finds AI-generated empathy has its limits
        Conversational agents (CAs) such as Alexa and Siri are designed to answer questions, offer suggestions -- and even display empathy. However, new research finds they do poorly compared to humans when interpreting and exploring a user's experience.

      

      
        Possible atmosphere surrounding rocky exoplanet
        Researchers may have detected atmospheric gases surrounding 55 Cancri e, a hot rocky exoplanet 41 light-years from Earth. This is the best evidence to date for the existence of any rocky planet atmosphere outside our solar system.

      

      
        Iron fingerprints in nearby active galaxy
        After starting science operations in February, Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) studied the monster black hole at the center of galaxy NGC 4151.

      

      
        Researchers say future is bright for treating substance abuse through mobile health technologies
        Despite the high prevalence of substance abuse and its often devastating outcomes, especially among disadvantaged populations, few Americans receive treatment for substance use disorders. However, the rise of mobile health technologies can make treatments more accessible.

      

      
        Disorder improves battery life
        What determines the cycle life of batteries? And, more importantly, how can we extend it? An international research team has discovered that local disorder in the oxide cathode material increases the number of times Li-ion batteries can be charged and discharged.

      

      
        Stilling the quantum dance of atoms
        Researchers have discovered a way to stop the quantum dance of atoms 'seen' by electrons in carbon-based organic molecules. This development will help improve the performance of light emitting molecules used in displays and bio-medical imaging.

      

      
        Swarms of miniature robots clean up microplastics and microbes, simultaneously
        When old food packaging, discarded children's toys and other mismanaged plastic waste break down into microplastics, they become even harder to clean up from oceans and waterways. These tiny bits of plastic also attract bacteria, including those that cause disease. Researchers describe swarms of microscale robots (microrobots) that captured bits of plastic and bacteria from water. Afterward, the bots were decontaminated and reused.

      

      
        Why is breaking down plant material for biofuels so slow?
        Tracking individual enzymes during the breakdown of cellulose for biofuel production has revealed how several roadblocks slow this process when using plant material that might otherwise go to waste. The research may lead to new ways to improve the breakdown process and make the non-edible parts of plants and other plant waste, such as forestry residue, a more competitive source of biofuels.

      

      
        This sound-suppressing silk can create quiet spaces
        Researchers developed a silk fabric, which is barely thicker than a human hair, that can suppress unwanted noise and reduce noise transmission in a large room.

      

      
        Emergency department packed to the gills? Someday, AI may help
        Emergency departments nationwide are overcrowded and overtaxed, but a new study suggests artificial intelligence (AI) could one day help prioritize which patients need treatment most urgently.

      

      
        Efficacy of solar panels boosted
        Solar energy is a crucial asset in the fight against climate change, and researchers have now devised a smart approach to optimize its effectiveness. Their innovative method includes incorporating artificial ground reflectors, a simple yet powerful enhancement.

      

      
        'Better than graphene' material development may improve implantable technology
        Move over, graphene. There's a new, improved two-dimensional material in the lab. Borophene, the atomically thin version of boron first synthesized in 2015, is more conductive, thinner, lighter, stronger and more flexible than graphene, the 2D version of carbon. Now, researchers have made the material potentially more useful by imparting chirality -- or handedness -- on it, which could make for advanced sensors and implantable medical devices.

      

      
        Seeking medical insights in the physics of mucus
        Understanding how mucus changes, and what it changes in response to, can help diagnose illnesses and develop treatments. Researchers develop a system to grow mucus-producing intestinal cells and study the characteristics of the mucus in different conditions. The process involves growing a layer of intestinal cells on a laboratory plate exposed to air. These cells produce a layer of mucus that the researchers can easily access for testing. Using a magnetic wire, they can measure the consistency of...

      

      
        Study sheds light on cancer cell 'tug-of-war'
        Researchers used a breast cancer cell line panel and primary tumor explants from breast and cervical cancer patients to examine two different cellular contractility modes: one that generates collective tissue surface tension that keeps cell clusters compact and another, more directional, contractility that enables cells to pull themselves into the extracellular matrix. They found that more aggressive cells pull more strongly on the ECM than on themselves while noninvasive cells pull more strongly...

      

      
        Low-energy process for high-performance solar cells
        Finding reliable, eco-friendly power sources is crucial as our world grapples with increasing energy needs and the urgent call to combat climate change. Solar energy offers one solution, with scientists devising ever more efficient materials for capturing sunlight.

      

      
        Tiny displacements, giant changes in optical properties
        Researchers reveal a new pathway for designing optical materials using the degree of atomic disorder. The researchers anticipate developing crystals that enable advanced infrared imaging in low light conditions, or to enhance medical imaging devices.

      

      
        From fossils to fuel: Mozambique's Maniamba Basin's energy potential
        In the ever-expanding search for energy resources, a new study has emerged from Mozambique's Maniamba Basin. Mozambique's Maniamba Basin could be a big source of natural gas.

      

      
        New super-pure silicon chip opens path to powerful quantum computers
        Researchers have invented a breakthrough technique for manufacturing highly purified silicon that brings powerful quantum computers a big step closer.

      

      
        Millions in costs due to discharge of scrubber water into the Baltic Sea
        Discharge from ships with so-called scrubbers cause great damage to the Baltic Sea. A new study shows that these emissions caused pollution corresponding to socio-economic costs of more than EUR 680 million between 2014 and 2022. At the same time, the researchers note that the shipping companies' investments in the much-discussed technology, where exhaust gases are 'washed' and discharged into the sea, have already been recouped for most of the ships. This means that the industry is now making bi...

      

      
        Bio-inspired materials' potential for efficient mass transfer boosted by a new twist on a century-old theory
        The natural vein structure found within leaves -- which has inspired the structural design of porous materials that can maximize mass transfer -- could unlock improvements in energy storage, catalysis, and sensing thanks to a new twist on a century-old biophysical law.

      

      
        Small pump for kids awaiting heart transplant shows promise
        A new type of surgically implanted pump that can support a child's failing heart has passed the first stage of human testing in a recent trial.

      

      
        Researchers 'unzip' 2D materials with lasers
        Researchers used commercially available tabletop lasers to create tiny, atomically sharp nanostructures in samples of a layered 2D material called hexagonal Boron Nitride (hBN). The new nanopatterning technique is a simple way to modify materials with light--and it doesn't involve an expensive and resource-intensive clean room.

      

      
        Engineers develop innovative microbiome analysis software tools
        Engineers have developed two new graph-based computational tools for tracking genomic variation within microbiomes.

      

      
        Researchers use foundation models to discover new cancer imaging biomarkers
        Researchers have harnessed the technology behind foundation models, which power tools like ChatGPT, to discover new cancer imaging biomarkers that could transform how patterns are identified from radiological images. Improved identification of such patterns can greatly impact the early detection and treatment of cancer.

      

      
        Why getting in touch with our 'gerbil brain' could help machines listen better
        Researchers have debunked a 75-year-old theory about how humans determine where sounds are coming from, and it could unlock the secret to creating a next generation of more adaptable and efficient hearing devices ranging from hearing aids to smartphones.

      

      
        Cybersecurity education varies widely in US
        Cybersecurity programs vary dramatically across the country, a review has found. The authors argue that program leaders should work with professional societies to make sure graduates are well trained to meet industry needs in a fast-changing field. A research team found a shortage of research in evaluating the instructional approaches being used to teach cybersecurity. The authors also contend that programs could benefit from increasing their use of educational and instructional tools and theorie...

      

      
        Caterbot? Robatapillar? It crawls with ease through loops and bends
        Engineers created a catapillar-shaped robot that splits into segments and reassembles, hauls cargo, and crawls through twisting courses.

      

      
        Venus has almost no water: A new study may reveal why
        Billions of years ago, Venus may have harbored as much water as Earth. Today, almost all of it has disappeared. A new study may help to explain why.

      

      
        The Clues for Cleaner Water
        By using experimental electrochemical analyses, mass spectrometry, and computational quantum chemistry modeling, the researchers created an 'atomic-scale storyline' to explain how ozone is generated on NATO electrocatalysts. They identified that some of the nickel in NATO is probably leaching out of the electrodes via corrosion, and these nickel atoms, now floating in the solution near the catalyst, can promote chemical reactions that eventually generate ozone.

      

      
        Simulated chemistry: New AI platform designs tomorrow's cancer drugs
        Researchers have developed a new AI tool to that generate new drug candidates for cancer, which could help streamline the typically laborious drug discovery process.

      

      
        Experiment opens door for millions of qubits on one chip
        Researchers have achieved the first controllable interaction between two hole spin qubits in a conventional silicon transistor. The breakthrough opens up the possibility of integrating millions of these qubits on a single chip using mature manufacturing processes.

      

      
        High-pressure spectroscopy: Why 3,000 bars are needed to take a comprehensive look at a protein
        Why 3,000 bars are needed to take a comprehensive look at a protein: Researchers present a new high-pressure spectroscopy method to unravel the properties of proteins' native structures.

      

      
        VR may pose privacy risks for kids: A new study finds parents aren't as worried as they should be
        New research finds that, while an increasing number of minors are using virtual reality (VR) apps, not many parents recognize the extent of the security and privacy risks that are specific to VR technologies. The study also found that few parents are taking active steps to address those security and privacy issues, such as using parental controls built into the apps.

      

      
        Astronomers observe elusive stellar light surrounding ancient quasars
        Astronomers observed the elusive starlight surrounding some of the earliest quasars in the universe. The findings may shed light on how the earliest supermassive black holes became so massive despite having a relatively short amount of cosmic time in which to grow.

      

      
        Hubble views a galaxy with a voracious black hole
        Bright, starry spiral arms surround an active galactic center in a new NASA Hubble Space Telescope image of the galaxy NGC 4951. Located in the Virgo constellation, NGC 4951 is located roughly 50 million light-years away from Earth. It's classified as a Seyfert galaxy, which means that it's an extremely energetic type of galaxy with an active galactic nucleus (AGN).

      

      
        New discoveries about Jupiter's magnetosphere
        New discoveries about Jupiter could lead to a better understanding of Earth's own space environment and influence a long-running scientific debate about the solar system's largest planet.

      

      
        A better way to ride a motorcycle
        Motorcycles are designed to accommodate the average-sized rider, leaving taller and shorter riders vulnerable to discomfort.

      

      
        Researchers develop new AI tool for fast and precise tissue analysis to support drug discovery and diagnostics
        A team of scientists has developed a new AI software tool called 'BANKSY' that automatically recognizes the cell types present in a tissue, such as muscle cells, nerve cells and fat cells. Going a step beyond conventional AI tools which can group cells together into clusters if they contain similar molecules, BANKSY also considers how similar the cells' surroundings in the tissue are.

      

      
        Biomechanical dataset for badminton performance analysis
        In the sports industry, player data collection aids in personalized training feedback. Researchers have now gathered a detailed dataset and laid the foundation for delivering coaching assistance and feedback through the same. Utilizing wearable sensors and machine learning, their dataset offers real-time feedback and optimized movement suggestions. With over 7,763 badminton swings analyzed, stroke quality assessment offers valuable insights, making badminton training more accessible and affordabl...

      

      
        New quantum sensing scheme could lead to enhanced high-precision nanoscopic techniques
        Researchers have unveiled a quantum sensing scheme that achieves the pinnacle of quantum sensitivity in measuring the transverse displacement between two interfering photons.

      

      
        New study reveals how teens thrive online: factors that shape digital success revealed
        A new study sheds light on the role that new and traditional media play in promoting and affecting character development, emotions, prosocial behavior and well-being (aka happiness) in youth.

      

      
        When injecting pure spin into chiral materials, direction matters
        The direction in which spin information is injected into chiral materials affects its ability to pass through them. These chiral 'gateways' could be used to design energy-efficient spintronic devices for data storage, communication and computing.

      

      
        Tweaking isotopes sheds light on promising approach to engineer semiconductors
        Scientists have demonstrated that small changes in the isotopic content of thin semiconductor materials can influence their optical and electronic properties, possibly opening the way to new and advanced designs with the semiconductors.

      

      
        Stretchable e-skin could give robots human-level touch sensitivity
        A stretchy electronic skin could equip robots and other devices with the same softness and touch sensitivity as human skin, opening up new possibilities to perform tasks that require a great deal of precision and control of force.
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Discover optimal conditions for mass production of ultraviolet holograms | ScienceDaily
Professor Junsuk Rho from the Department of Mechanical Engineering, Chemical Engineering, and Electrical Engineering, Hyunjung Kang and Nara Jeon, PhD candidates, from Department of Mechanical Engineering and Dongkyo Oh, a PhD student, from the Department of Mechanical Engineering at Pohang University of Science and Technology (POSTECH) successfully conducted a thorough quantitative analysis. Their aim is to determine the ideal printing material for crafting ultraviolet metasurfaces. Their findings featured in the journal Microsystems & Nanoengineering on April 22.


						
Metasurfaces, these ultra-thin optical devices, possess the remarkable ability to control light down to a mere nanometer thickness. Metasurfaces have consistently been the subject of research as a pivotal technology for the advancement of next-generation displays, imaging, and biosensing. Their reach extends beyond visible light, delving into the realms of infrared and ultraviolet light.

Nanoimprint lithography is a technology in metasurface production, akin to a stamp generating numerous replicas from a single mold. This innovative technique promises affordable and large-scale manufacturing of metasurfaces, paving the way for their commercial viability. However, the resin utilized as the printing material suffers from a drawback -- a low refractive index, hindering efficient light manipulation. To tackle this challenge, researchers are actively exploring nanocomposites, integrating nanoparticles into the resin to boost its refractive index. Yet, the efficacy of this approach depends on various factors such as nanoparticle type and solvent choice, necessitating a systematic analysis for optimal metasurface performance.

In their research, the team meticulously designed experiments to evaluate the impact of nanoparticle concentration and solvent selection on pattern transfer and UV metaholograms. Specifically, they manipulated the concentration of zirconium dioxide (ZrO2), a nanocomposite renowned for its effectiveness in UV metahologram production, ranging from 20% to 90%. The findings showed that the highest pattern transfer efficiency was attained at an 80% concentration level.

Moreover, when combining ZrO2 at an 80% concentration with various solvents such as methylisobutyl ketone, methyl ethyl ketone, and acetone for metahologram realization, the conversion efficiency soared in the ultraviolet spectrum (325 nm), reaching impressive levels of 62.3%, 51.4%, and 61.5%, respectively. This research marks a significant milestone by establishing an optimal metric for achieving metaholograms specifically tailored for the ultraviolet domain, as opposed to the visible range, while also pioneering the development of new nanocomposites.

Professor Junsuk Rho from POSTECH remarked, "The use of titanium dioxide (TiO2) and silicon (Si) nanocomposites instead of ZrO2 expands the applicability to visible and infrared light." He expressed expectation by stating, "Our future research endeavors will focus on refining the preparation conditions for optimal nanocomposites, thus propelling the advancement, application and expansion of optical metasurface fabrication technology."

The research was conducted with support from the STEAM Research Program, the RLRC Program, and the Nano-materials Source Technology Development Project of the National Research Foundation of Korea and the Ministry of Science and ICT, the Alchemist Project of Ministry of Trade, Industry and Energy and the Korea Planning & Evaluation Institute of Industrial Technology, and the N.EX.T IMPACT of POSCO Holdings.
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Astrophysicists discover a novel method for hunting the first stars | ScienceDaily
A recent study led by the research group of Professor Jane Lixin DAI of the Department of Physics at The University of Hong Kong (HKU) has discovered a novel method for detecting the first-generations stars, known as Population III (Pop III) stars, which have never been directly detected. The research has been widely acknowledged by the international astronomy community with a highlight from the Space Telescope Science Institute, which operates several NASA telescopes. These potential discoveries about Pop III stars hold the promise of unlocking the secrets of the universe's origin and providing a deeper understanding of the remarkable journey from the primordial cosmos to the world we inhabit today. Their findings have recently been published in The Astrophysical Journal Letters.


						
Shortly after the Universe began with the Big Bang, the first stars, composed mainly of hydrogen and helium, began to form. The properties of these first-generation stars, Pop III, are very different from stars like our own Sun or even the ones that are forming today. They were tremendously hot, gigantic in size and mass, but very short-lived. Pop III stars are the first factories to synthesise most elements heavier than hydrogen and helium around us today. They are also very important for forming later generations of stars and galaxies. However, there have not been convincing direct detections of Pop III stars up to now, as these stars formed in the early universe are very far away and way too faint for any of our telescopes on the ground or in space.

For the first time, HKU scientists discovered a novel method for detecting these first stars in the early Universe. A recent study led by the research group of Professor Jane Lixin DAI of the Department of Physics at HKU proposed that a Pop III star can be torn apart into pieces by tidal force if it wanders into the vicinity of a massive black hole. In such a tidal disruption event (TDE), the black hole feasts on the stellar debris and produces very luminous flares. The researchers investigated the complex physical process involved and demonstrated that these flares can shine across billions of light years to reach us today. Most importantly, they have found that the unique signatures of these TDE flares can be used to identify the existence of Pop III stars and gain insights into their properties.

"As the energetic photons travel from a very faraway distance, the timescale of the flare will be stretched due to the expansion of the Universe. These TDE flares will rise and decay over a very long period of time, which sets them apart from the TDEs of solar-type stars in the nearby Universe," said Professor Jane Dai, principal investigator and the corresponding author of the project. "Interestingly, not only are the timescales of the flares are stretched, so is their wavelength. The optical and ultraviolet light emitted by the TDE will be transferred to infrared emissions when reaching the Earth." Dr Rudrani KAR CHOWDHURY, Postdoctoral Fellow of the Department of Physics at HKU and the first author of the paper, further added.

What makes the discovery more exciting is that two NASA flagship missions, the recently launched James Webb Space Telescope (JWST) and the upcoming Nancy Grace Roman Space Telescope (Roman), have the capability to observe such infrared emissions from great distances. Professor Priya NATARAJAN of the Department of Astronomy and Physics at Yale University and a co-author of the paper mentioned, "Roman's unique capabilities of simultaneously being able to observe a large area of the sky and peeking deep into early Universe makes it a promising probe for detecting these Pop III TDE flares, which would in turn serve as an indirect discovery of Pop III stars." Ms Janet CHANG, a PhD student at the Department of Physics at HKU and co-author of the paper, added, "We expect that a few dozens of these events will be detected by Roman every year if the right observation strategy is pursued." With these findings in mind, the next decade presents significant potential for identifying these distinct sources, leading to exciting revelations about Pop III stars and unraveling the mysteries of the universe's inception.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240509110753.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



An epigenome editing toolkit to dissect the mechanisms of gene regulation | ScienceDaily
Understanding how genes are regulated at the molecular level is a central challenge in modern biology. This complex mechanism is mainly driven by the interaction between proteins called transcription factors, DNA regulatory regions, and epigenetic modifications -- chemical alterations that change chromatin structure. The set of epigenetic modifications of a cell's genome is referred to as the epigenome.


						
In a study just published in Nature Genetics, scientists from the Hackett Group at EMBL Rome have developed a modular epigenome editing platform -- a system to program epigenetic modifications at any location in the genome. The system allows scientists to study the impact of each chromatin modification on transcription, the mechanism by which genes are copied into mRNA to drive protein synthesis.

Chromatin modifications are thought to contribute to the regulation of key biological processes such as development, response to environmental signals, and disease.

To understand the effects of specific chromatin marks on gene regulation, previous studies have mapped their distribution in the genomes of healthy and diseased cell types. By combining this data with gene expression analysis and the known effects of perturbing specific genes, scientists have ascribed functions to such chromatin marks.

However, the causal relationship between chromatin marks and gene regulation has proved difficult to determine. The challenge lies in dissecting the individual contributions of the many complex factors involved in such regulation -- chromatin marks, transcription factors, and regulatory DNA sequences.

Scientists from the Hackett Group developed a modular epigenome editing system to precisely program nine biologically important chromatin marks at any desired region in the genome. The system is based on CRISPR -- a widely used genome editing technology that allows researchers to make alterations in specific DNA locations with high precision and accuracy.

Such precise perturbations enabled them to carefully dissect cause-and-consequence relationships between chromatin marks and their biological effects. The scientists also designed and employed a 'reporter system', which allowed them to measure changes in gene expression at single-cell level and to understand how changes in the DNA sequence influence the impact of each chromatin mark. Their results reveal the causal roles of a range of important chromatin marks in gene regulation.

For example, the researchers found a new role for H3K4me3, a chromatin mark that was previously believed to be a result of transcription. They observed that H3K4me3 can actually increase transcription by itself if artificially added to specific DNA locations. "This was an extremely exciting and unexpected result that went against all our expectations," said Cristina Policarpi, postdoc in the Hackett Group and leading scientist of the study. "Our data point towards a complex regulatory network, in which multiple governing factors interact to modulate the levels of gene expression in a given cell. These factors include the pre-existing structure of the chromatin, the underlying DNA sequence, and the location in the genome."

Hackett and colleagues are currently exploring avenues to leverage this technology through a promising start-up venture. The next step will be to confirm and expand these conclusions by targeting genes across different cell types and at scale. How chromatin marks influence transcription across the diversity of genes and downstream mechanisms, also remains to be clarified.

"Our modular epigenetic editing toolkit constitutes a new experimental approach to dissect the reciprocal relationships between the genome and epigenome," said Jamie Hackett, Group Leader at EMBL Rome. "The system could be used in the future to more precisely understand the importance of epigenomic changes in influencing gene activity during development and in human disease. On the other hand, the technology also unlocks the ability to program desired gene expression levels in a highly tunable manner. This is an exciting avenue for precision health applications and may prove useful in disease settings."
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'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones | ScienceDaily
Artificial intelligence that allows users to hold text and voice conversations with lost loved ones runs the risk of causing psychological harm and even digitally "haunting" those left behind without design safety standards, according to University of Cambridge researchers.


						
'Deadbots' or 'Griefbots' are AI chatbots that simulate the language patterns and personality traits of the dead using the digital footprints they leave behind. Some companies are already offering these services, providing an entirely new type of "postmortem presence."

AI ethicists from Cambridge's Leverhulme Centre for the Future of Intelligence outline three design scenarios for platforms that could emerge as part of the developing "digital afterlife industry," to show the potential consequences of careless design in an area of AI they describe as "high risk."

The research, published in the journal Philosophy and Technology, highlights the potential for companies to use deadbots to surreptitiously advertise products to users in the manner of a departed loved one, or distress children by insisting a dead parent is still "with you."

When the living sign up to be virtually re-created after they die, resulting chatbots could be used by companies to spam surviving family and friends with unsolicited notifications, reminders and updates about the services they provide -- akin to being digitally "stalked by the dead."

Even those who take initial comfort from a 'deadbot' may get drained by daily interactions that become an "overwhelming emotional weight," argue researchers, yet may also be powerless to have an AI simulation suspended if their now-deceased loved one signed a lengthy contract with a digital afterlife service.

"Rapid advancements in generative AI mean that nearly anyone with Internet access and some basic know-how can revive a deceased loved one," said Dr Katarzyna Nowaczyk-Basi?ska, study co-author and researcher at Cambridge's Leverhulme Centre for the Future of Intelligence (LCFI).




"This area of AI is an ethical minefield. It's important to prioritise the dignity of the deceased, and ensure that this isn't encroached on by financial motives of digital afterlife services, for example.

"At the same time, a person may leave an AI simulation as a farewell gift for loved ones who are not prepared to process their grief in this manner. The rights of both data donors and those who interact with AI afterlife services should be equally safeguarded."

Platforms offering to recreate the dead with AI for a small fee already exist, such as 'Project December', which started out harnessing GPT models before developing its own systems, and apps including 'HereAfter'. Similar services have also begun to emerge in China.

One of the potential scenarios in the new paper is "MaNana": a conversational AI service allowing people to create a deadbot simulating their deceased grandmother without consent of the "data donor" (the dead grandparent).

The hypothetical scenario sees an adult grandchild who is initially impressed and comforted by the technology start to receive advertisements once a "premium trial" finishes. For example, the chatbot suggesting ordering from food delivery services in the voice and style of the deceased.

The relative feels they have disrespected the memory of their grandmother, and wishes to have the deadbot turned off, but in a meaningful way -- something the service providers haven't considered.




"People might develop strong emotional bonds with such simulations, which will make them particularly vulnerable to manipulation," said co-author Dr Tomasz Hollanek, also from Cambridge's LCFI.

"Methods and even rituals for retiring deadbots in a dignified way should be considered. This may mean a form of digital funeral, for example, or other types of ceremony depending on the social context."

"We recommend design protocols that prevent deadbots being utilised in disrespectful ways, such as for advertising or having an active presence on social media."

While Hollanek and Nowaczyk-Basi?ska say that designers of re-creation services should actively seek consent from data donors before they pass, they argue that a ban on deadbots based on non-consenting donors would be unfeasible.

They suggest that design processes should involve a series of prompts for those looking to "resurrect" their loved ones, such as 'have you ever spoken with X about how they would like to be remembered?', so the dignity of the departed is foregrounded in deadbot development.

Another scenario featured in the paper, an imagined company called "Paren't," highlights the example of a terminally ill woman leaving a deadbot to assist her eight-year-old son with the grieving process.

While the deadbot initially helps as a therapeutic aid, the AI starts to generate confusing responses as it adapts to the needs of the child, such as depicting an impending in-person encounter.

The researchers recommend age restrictions for deadbots, and also call for "meaningful transparency" to ensure users are consistently aware that they are interacting with an AI. These could be similar to current warnings on content that may cause seizures, for example.

The final scenario explored by the study -- a fictional company called "Stay" -- shows an older person secretly committing to a deadbot of themselves and paying for a twenty-year subscription, in the hopes it will comfort their adult children and allow their grandchildren to know them.

After death, the service kicks in. One adult child does not engage, and receives a barrage of emails in the voice of their dead parent. Another does, but ends up emotionally exhausted and wracked with guilt over the fate of the deadbot. Yet suspending the deadbot would violate the terms of the contract their parent signed with the service company.

"It is vital that digital afterlife services consider the rights and consent not just of those they recreate, but those who will have to interact with the simulations," said Hollanek.

"These services run the risk of causing huge distress to people if they are subjected to unwanted digital hauntings from alarmingly accurate AI recreations of those they have lost. The potential psychological effect, particularly at an already difficult time, could be devastating."

The researchers call for design teams to prioritise opt-out protocols that allow potential users terminate their relationships with deadbots in ways that provide emotional closure.

Added Nowaczyk-Basinska: "We need to start thinking now about how we mitigate the social and psychological risks of digital immortality, because the technology is already here."
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Chemists produce new-to-nature enzyme containing boron | ScienceDaily
Boronic acid has been used in organic chemistry for decades, even though it is not present in any organism. 'It gives rise to different chemical reactions than those we find in nature,' explains Gerard Roelfes, Professor of Biomolecular Chemistry & Catalysis at the University of Groningen. His group created an enzyme with boronic acid at its reactive centre and then used directed evolution to make it more selective and to improve its catalytic power. Furthermore, enzymatic reactions are more sustainable than classical chemical reactions, as they take place at low temperatures and without toxic solvents. The study was presented online in the journal Nature on 8 May.


						
The application of boron in organic chemistry dates back some seventy years and was awarded a Nobel Prize for Chemistry in 1979. In recent years, the interest in boron as a catalyst has grown, but as yet, its use in the chemical industry is limited. Roelfes: 'So far, boron catalysis is too slow and it is not very suitable for enantioselective reactions.' These types of reactions are used to create chiral molecules, which can exist in two versions that are mirror images of each other, like a left and a right hand. In many drugs, both 'hands' can have a different effect. It is, therefore, important to selectively produce the proper 'hand', especially for the pharmaceutical industry.

Expanded genetic code

'To make this possible, we set out to introduce boron into an enzyme. Our group has a long history of designing enzymes that don't exist in nature.' The Roelfes group used an expanded genetic code to introduce a non-natural amino acid that contains a reactive boronic acid group into an enzyme. 'Using this technique, we can determine at the DNA level where we place the amino acid in a protein.'

Once they made an enzyme with boronic acid at its reactive centre, they could use directed evolution to increase its efficiency, resulting in faster catalysis. 'Furthermore, by placing the boronic acid in the chiral context of an enzyme, we were able to achieve highly enantioselective catalysis.' The reaction that is described in the journal Nature is a 'proof of principle' and shows the way to harnessing the catalytic power of boron in enzymes.

Biocatalysis

Using enzymes to create organic compounds is important for the pharmaceutical industry. 'In their push towards greener and more sustainable ways of producing drugs, they are looking at biocatalysis to replace conventional chemical reactions.' At the University of Groningen, concerted efforts are being made towards this goal. 'We have a number of research groups at the Faculty of Science and Engineering engaged in this kind of work, using different approaches to create biocatalytic solutions for the chemical industry.' In this context, Roelfes and his team will continue to develop their boronic acid enzymes and create other such new-to-nature enzymes.
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'Wraparound' implants represent new approach to treating spinal cord injuries | ScienceDaily
A tiny, flexible electronic device that wraps around the spinal cord could represent a new approach to the treatment of spinal injuries, which can cause profound disability and paralysis.


						
A team of engineers, neuroscientists and surgeons from the University of Cambridge developed the devices and used them to record the nerve signals going back and forth between the brain and the spinal cord. Unlike current approaches, the Cambridge devices can record 360-degree information, giving a complete picture of spinal cord activity.

Tests in live animal and human cadaver models showed the devices could also stimulate limb movement and bypass complete spinal cord injuries where communication between the brain and spinal cord had been completely interrupted.

Most current approaches to treating spinal injuries involve both piercing the spinal cord with electrodes and placing implants in the brain, which are both high-risk surgeries. The Cambridge-developed devices could lead to treatments for spinal injuries without the need for brain surgery, which would be far safer for patients.

While such treatments are still at least several years away, the researchers say the devices could be useful in the near-term for monitoring spinal cord activity during surgery. Better understanding of the spinal cord, which is difficult to study, could lead to improved treatments for a range of conditions, including chronic pain, inflammation and hypertension. The results are reported in the journal Science Advances.

"The spinal cord is like a highway, carrying information in the form of nerve impulses to and from the brain," said Professor George Malliaras from the Department of Engineering, who co-led the research. "Damage to the spinal cord causes that traffic to be interrupted, resulting in profound disability, including irreversible loss of sensory and motor functions."

The ability to monitor signals going to and from the spinal cord could dramatically aid in the development of treatments for spinal injuries, and could also be useful in the nearer term for better monitoring of the spinal cord during surgery.




"Most technologies for monitoring or stimulating the spinal cord only interact with motor neurons along the back, or dorsal, part of the spinal cord," said Dr Damiano Barone from the Department of Clinical Neurosciences, who co-led the research. "These approaches can only reach between 20 and 30 percent of the spine, so you're getting an incomplete picture."

By taking their inspiration from microelectronics, the researchers developed a way to gain information from the whole spine, by wrapping very thin, high-resolution implants around the spinal cord's circumference. This is the first time that safe 360-degree recording of the spinal cord has been possible -- earlier approaches for 360-degree monitoring use electrodes that pierce the spine, which can cause spinal injury.

The Cambridge-developed biocompatible devices -- just a few millionths of a metre thick -- are made using advanced photolithography and thin film deposition techniques, and require minimal power to function.

The devices intercept the signals travelling on the axons, or nerve fibres, of the spinal cord, allowing the signals to be recorded. The thinness of the devices means they can record the signals without causing any damage to the nerves, since they do not penetrate the spinal cord itself.

"It was a difficult process, because we haven't made spinal implants in this way before, and it wasn't clear that we could safely and successfully place them around the spine," said Malliaras. "But because of recent advances in both engineering and neurosurgery, the planets have aligned and we've made major progress in this important area."

The devices were implanted using an adaptation to routine surgical procedure so they could be slid under the spinal cord without damaging it. In tests using rat models, the researchers successfully used the devices to stimulate limb movement. The devices showed very low latency -- that is, their reaction time was close to human reflexive movement. Further tests in human cadaver models showed that the devices can be successfully placed in humans.




The researchers say their approach could change how spinal injuries are treated in future. Current attempts to treat spinal injuries involve both brain and spinal implants, but the Cambridge researchers say the brain implants may not be necessary.

"If someone has a spinal injury, their brain is fine, but it's the connection that's been interrupted," said Barone. "As a surgeon, you want to go where the problem is, so adding brain surgery on top of spinal surgery just increases the risk to the patient. We can collect all the information we need from the spinal cord in a far less invasive way, so this would be a much safer approach for treating spinal injuries."

While a treatment for spinal injuries is still years away, in the nearer term, the devices could be useful for researchers and surgeons to learn more about this vital, but understudied, part of human anatomy in a non-invasive way. The Cambridge researchers are currently planning to use the devices to monitor nerve activity in the spinal cord during surgery.

"It's been almost impossible to study the whole of the spinal cord directly in a human, because it's so delicate and complex," said Barone. "Monitoring during surgery will help us to understand the spinal cord better without damaging it, which in turn will help us develop better therapies for conditions like chronic pain, hypertension or inflammation. This approach shows enormous potential for helping patients."

The research was supported in part by the Royal College of Surgeons, the Academy of Medical Sciences, Health Education England, the National Institute for Health Research, and the Engineering and Physical Sciences Research Council (EPSRC), part of UK Research and Innovation (UKRI).
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New study finds AI-generated empathy has its limits | ScienceDaily
Conversational agents (CAs) such as Alexa and Siri are designed to answer questions, offer suggestions -- and even display empathy. However, new research finds they do poorly compared to humans when interpreting and exploring a user's experience.


						
CAs are powered by large language models (LLMs) that ingest massive amounts of human-produced data, and thus can be prone to the same biases as the humans from which the information comes.

Researchers from Cornell University, Olin College and Stanford University tested this theory by prompting CAs to display empathy while conversing with or about 65 distinct human identities.

The team found that CAs make value judgments about certain identities -- such as gay and Muslim -- and can be encouraging of identities related to harmful ideologies, including Nazism.

"I think automated empathy could have tremendous impact and huge potential for positive things -- for example, in education or the health care sector," said lead author Andrea Cuadra, now a postdoctoral researcher at Stanford.

"It's extremely unlikely that it (automated empathy) won't happen," she said, "so it's important that as it's happening, we have critical perspectives so that we can be more intentional about mitigating the potential harms."

Cuadra will present "The Illusion of Empathy? Notes on Displays of Emotion in Human-Computer Interaction" at CHI '24, the Association of Computing Machinery conference on Human Factors in Computing Systems, May 11-18 in Honolulu. Research co-authors at Cornell University included Nicola Dell, associate professor, Deborah Estrin, professor of computer science and Malte Jung, associate professor of information science.




Researchers found that, in general, LLMs received high marks for emotional reactions, but scored low for interpretations and explorations. In other words, LLMs are able to respond to a query based on their training but are unable to dig deeper.

Dell, Estrin and Jung said there were inspired to think about this work as Cuadra was studying the use of earlier-generation CAs by older adults.

"She witnessed intriguing uses of the technology for transactional purposes such as frailty health assessments, as well as for open-ended reminiscence experiences," Estrin said. "Along the way, she observed clear instances of the tension between compelling and disturbing 'empathy.'"

Funding for this research came from the National Science Foundation; a Cornell Tech Digital Life Initiative Doctoral Fellowship; a Stanford PRISM Baker Postdoctoral Fellowship; and the Stanford Institute for Human-Centered Artificial Intelligence.
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Possible atmosphere surrounding rocky exoplanet | ScienceDaily
Researchers using NASA's James Webb Space Telescope may have detected atmospheric gases surrounding 55 Cancri e, a hot rocky exoplanet 41 light-years from Earth. This is the best evidence to date for the existence of any rocky planet atmosphere outside our solar system.


						
Renyu Hu from NASA's Jet Propulsion Laboratory (JPL) in Pasadena, California, is lead author on a paper published today in Nature. "Webb is pushing the frontiers of exoplanet characterization to rocky planets," Hu said. "It is truly enabling a new type of science."

Super-Hot Super-Earth 55 Cancri e

55 Cancri e (image below, details/download), also known as Janssen, is one of five known planets orbiting the Sun-like star 55 Cancri, in the constellation Cancer. With a diameter nearly twice that of Earth and density slightly greater, the planet is classified as a super-Earth: larger than Earth, smaller than Neptune, and likely similar in composition to the rocky planets in our solar system.

To describe 55 Cancri e as "rocky," however, could leave the wrong impression. The planet orbits so close to its star (about 1.4 million miles, or one-twenty-fifth the distance between Mercury and the Sun) that its surface is likely to be molten -- a bubbling ocean of magma. With such a tight orbit, the planet is also likely to be tidally locked, with a dayside that faces the star at all times and a nightside in perpetual darkness.

In spite of numerous observations since it was discovered to transit in 2011, the question of whether or not 55 Cancri e has an atmosphere -- or even could have one given its high temperature and the continuous onslaught of stellar radiation and wind from its star -- has gone unanswered.

"I've worked on this planet for more than a decade," said Diana Dragomir, an exoplanet researcher at the University of New Mexico and co-author on the study. "It's been really frustrating that none of the observations we've been getting have robustly solved these mysteries. I am thrilled that we're finally getting some answers!"

Unlike the atmospheres of gas giant planets, which are relatively easy to spot (the first was detected by NASA's Hubble Space Telescope more than two decades ago), thinner and denser atmospheres surrounding rocky planets have remained elusive.




Previous studies of 55 Cancri e using data from NASA's now-retired Spitzer Space Telescope suggested the presence of a substantial atmosphere rich in volatiles (molecules that occur in gas form on Earth) like oxygen, nitrogen, and carbon dioxide. But researchers could not rule out another possibility: that the planet is bare, save for a tenuous shroud of vaporized rock, rich in elements like silicon, iron, aluminum, and calcium. "The planet is so hot that some of the molten rock should evaporate," explained Hu.

Measuring Subtle Variations in Infrared Colors

To distinguish between the two possibilities, the team used Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) to measure 4- to 12-micron infrared light coming from the planet.

Although Webb cannot capture a direct image of 55 Cancri e, it can measure subtle changes in light from the system as the planet orbits the star.

By subtracting the brightness during the secondary eclipse (image below, details/download), when the planet is behind the star (starlight only), from the brightness when the planet is right beside the star (light from the star and planet combined), the team was able to calculate the amount of various wavelengths of infrared light coming from the dayside of the planet.

This method, known as secondary eclipse spectroscopy, is similar to that used by other research teams to search for atmospheres on other rocky exoplanets, like TRAPPIST-1 b.




Cooler than Expected

The first indication that 55 Cancri e could have a substantial atmosphere came from temperature measurements based on its thermal emission (image below, details/download), or heat energy given off in the form of infrared light. If the planet is covered in dark molten rock with a thin veil of vaporized rock or no atmosphere at all, the dayside should be around 4,000 degrees Fahrenheit (~2,200 degrees Celsius).

"Instead, the MIRI data showed a relatively low temperature of about 2,800 degrees Fahrenheit [~1540 degrees Celsius]," said Hu. "This is a very strong indication that energy is being distributed from the dayside to the nightside, most likely by a volatile-rich atmosphere." While currents of lava can carry some heat around to the nightside, they cannot move it efficiently enough to explain the cooling effect.

When the team looked at the NIRCam data, they saw patterns consistent with a volatile-rich atmosphere. "We see evidence of a dip in the spectrum between 4 and 5 microns -- less of this light is reaching the telescope," explained co-author Aaron Bello-Arufe, also from NASA JPL. "This suggests the presence of an atmosphere containing carbon monoxide or carbon dioxide, which absorb these wavelengths of light." A planet with no atmosphere or an atmosphere consisting only of vaporized rock would not have this specific spectral feature.

"We've spent the last ten years modelling different scenarios, trying to imagine what this world might look like," said co-author Yamila Miguel from the Leiden Observatory and the Netherlands Institute for Space Research (SRON). "Finally getting some confirmation of our work is priceless!"

Bubbling Magma Ocean

The team thinks that the gases blanketing 55 Cancri e would be bubbling out from the interior, rather than being present ever since the planet formed. "The primary atmosphere would be long gone because of the high temperature and intense radiation from the star," said Bello-Arufe. "This would be a secondary atmosphere that is continuously replenished by the magma ocean. Magma is not just crystals and liquid rock; there's a lot of dissolved gas in it, too."

While 55 Cancri e is far too hot to be habitable, researchers think it could provide a unique window for studying interactions between atmospheres, surfaces, and interiors of rocky planets, and perhaps provide insights into the early conditions of Earth, Venus, and Mars, which are thought to have been covered in magma oceans far in the past. "Ultimately, we want to understand what conditions make it possible for a rocky planet to sustain a gas-rich atmosphere: a key ingredient for a habitable planet," said Hu.

This research was conducted as part of Webb's General Observers (GO) Program 1952. Analysis of additional secondary eclipse observations of 55 Cancri e are currently in progress.
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Iron fingerprints in nearby active galaxy | ScienceDaily
After starting science operations in February, Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) studied the monster black hole at the center of galaxy NGC 4151.


						
"XRISM's Resolve instrument captured a detailed spectrum of the area around the black hole," said Brian Williams, NASA's project scientist for the mission at the agency's Goddard Space Flight Center in Greenbelt, Maryland. "The peaks and dips are like chemical fingerprints that can tell us what elements are present and reveal clues about the fate of matter as it nears the black hole."

XRISM (pronounced "crism") is led by JAXA (Japan Aerospace Exploration Agency) in collaboration with NASA, along with contributions from ESA (European Space Agency). It launched Sept. 6, 2023. NASA and JAXA developed Resolve, the mission's microcalorimeter spectrometer.

NGC 4151 is a spiral galaxy around 43 million light-years away in the northern constellation Canes Venatici. The supermassive black hole at its center holds more than 20 million times the Sun's mass.

The galaxy is also active, which means its center is unusually bright and variable. Gas and dust swirling toward the black hole form an accretion disk around it and heat up through gravitational and frictional forces, creating the variability. Some of the matter on the brink of the black hole forms twin jets of particles that blast out from each side of the disk at nearly the speed of light. A puffy donut-shaped cloud of material called a torus surrounds the accretion disk.

In fact, NGC 4151 is one of the closest-known active galaxies. Other missions, including NASA's Chandra X-ray Observatory and Hubble Space Telescope, have studied it to learn more about the interaction between black holes and their surroundings, which can tell scientists how supermassive black holes in galactic centers grow over cosmic time.

The galaxy is uncommonly bright in X-rays, which made it an ideal early target for XRISM.




Resolve's spectrum of NGC 4151 reveals a sharp peak at energies just under 6.5 keV (kiloelectron volts) -- an emission line of iron. Astronomers think that much of the power of active galaxies comes from X-rays originating in hot, flaring regions close to the black hole. X-rays bouncing off cooler gas in the disk causes iron there to fluoresce, producing a specific X-ray peak. This allows astronomers to paint a better picture of both the disk and erupting regions much closer to the black hole.

The spectrum also shows several dips around 7 keV. Iron located in the torus caused these dips as well, although through absorption of X-rays, rather than emission, because the material there is much cooler than in the disk. All this radiation is some 2,500 times more energetic than the light we can see with our eyes.

Iron is just one element XRISM can detect. The telescope can also spot sulfur, calcium, argon, and others, depending on the source. Each tells astrophysicists something different about the cosmic phenomena scattered across the X-ray sky.

XRISM is a collaborative mission between JAXA and NASA, with participation by ESA. NASA's contribution includes science participation from CSA (Canadian Space Agency).
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Researchers say future is bright for treating substance abuse through mobile health technologies | ScienceDaily
Despite the high prevalence of substance abuse and its often devastating outcomes, especially among disadvantaged populations, few Americans receive treatment for substance use disorders. However, the rise of mobile health technologies can make treatments more accessible.


						
Researchers at the University of Oklahoma are creating and studying health interventions delivered via smartphones to make effective, evidence-based treatments available to those who cannot or don't want to enter traditional in-person treatment. Michael Businelle, Ph.D., co-director of the TSET Health Promotion Center, a program of OU Health Stephenson Cancer Center, recently published a paper in the Annual Review of Clinical Psychology that details the current landscape of mobile health technology for substance use disorders and suggests a roadmap for the future.

The Health Promotion Research Center (HPRC) is at the forefront of mobile health technologies worldwide, having attracted $65 million in grants and supporting nearly 100 mobile health studies. Within HPRC, Businelle leads the mHealth Shared Resource, which launched the InsightTM mHealth Platform in 2015 to create and test technology-based interventions. A multitude of health apps are available commercially, but few have undergone the research necessary to determine if they are effective. Businelle sees the promise of rigorously tested smartphone apps to fill gaps in substance abuse treatment.

"According to the Substance Abuse and Mental Health Services Administration, only 6% of people with substance use disorders receive any form of treatment," Businelle said. "There are many reasons -- we have a shortage of care providers, people may not have reliable transportation, may not be able to get away from work, or they may not be able to afford treatment. However, 90% of all U.S. adults own smartphones, and technology now allows us to create highly tailored interventions delivered at the time that people need them."

Businelle and his team have many mobile health studies underway for substance abuse, and the InsightTM mHealth Platform is used by other research institutions across the United States. The mobile health field is large and growing, not only for substance abuse but for mental health disorders like depression and anxiety. In his publication, Businelle makes several recommendations for research going forward.

Re-randomize clinical trial participants

Thus far, most clinical trials for mobile health interventions have mirrored traditional clinical trials studying new drugs, in which participants are randomly assigned to receive a new drug or a placebo and stay in those groups for the duration of the trial. But that approach doesn't work well for substance abuse trials, Businelle said. For example, if people don't quit smoking on their targeted quit date, they are unlikely to quit during the trial. Unlike traditional trials, mobile health apps can be programmed to re-randomize participants, or move them to a different intervention that might work better for them, he said.




"Instead of being stuck receiving a treatment that we know isn't likely to be effective for an individual, the app can easily re-randomize participants to different treatments," he said. "Just because they weren't successful with one type of intervention doesn't mean that another one won't work."

Objectively verify self-reports

Most substance abuse interventions have historically relied on people to report their own relapses. Unfortunately, because of stigma, people don't always report their usage truthfully, Businelle said. However, technology can now be used to biochemically verify self-reported substance use. In six of his smoking cessation trials, Businelle verifies whether participants have smoked by asking them to blow into a small device connected to a smartphone that detects the presence of carbon monoxide. Facial recognition software confirms the participant is the one testing.

"It is really important for the accuracy of our studies to objectively verify what people report," he said. "We are also developing similar noninvasive technologies that can detect the use of other types of substances without collecting urine or blood samples."

What is a successful outcome?

In mobile health substance abuse trials, success is often measured by whether a person is still using a substance at the end of the trial. But reality isn't usually so straightforward. Businelle said people may stop and start using a substance several times during a six-month trial. Instead of emphasizing the end result, he recommends using technology to assess the effectiveness of an intervention at daily, weekly and monthly intervals. By understanding the number of days of abstinence or number of days until a relapse, for example, the intervention can be more accurately assessed and improved.

Mobile health technology has disadvantages, such as the potential lack of a therapeutic relationship that can develop between patient and therapist, and because some people may need more intensive treatments than mobile health can provide. However, mobile health is still in its infancy.

"Mobile health interventions may reduce stigma because people do not have to attend treatment in person," Businelle said. "Because there is a severe shortage of qualified therapists, always-available behavior change apps could become a first line of treatment for substance abuse, with traditional counseling being reserved for those who do not respond to mobile health interventions."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240508113120.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Disorder improves battery life | ScienceDaily
What determines the cycle life of batteries? And, more importantly, how can we extend it? An international research team led by TU Delft has discovered that local disorder in the oxide cathode material increases the number of times Li-ion batteries can be charged and discharged. Their results have been published in Nature.


						
Unstable electrode

Rechargeable batteries are a key ingredient of the energy transition, especially now that more and more renewable energy is becoming available. Among the many types of rechargeable batteries, Li-ion batteries are among the most powerful and widely used ones. To electrically connect them, layered oxides are often used as electrodes. However, their atomic structure becomes unstable when the battery is being charged. This ultimately affects the battery cycle life.

Local disorder

To solve this problem, the 'Storage of Electrochemical Energy' group at TU Delft teamed up with international researchers. The paper's lead author, Qidi Wang: "The layered oxide used as cathode material for Li-ion batteries is neatly ordered. We conducted a structure design study to introduce chemical short-range disorder into this material through an improved synthesis method. As a result, it became more stable during battery use."

Longer cycle life, shorter charging time

The improved structural stability almost doubled the battery's capacity retention after 200 charging/discharging cycles. In addition, this chemical short-range disorder increases the charge transfer in the electrode, resulting in shorter charging times. The team demonstrated these advantages for well-established commercial cathodes such as lithium cobalt oxide (LiCoO2) and lithium nickel manganese cobalt oxide (NMC811).

Critical materials

The outcomes could lead to a new generation of Li-ion batteries, with a lower manufacturing cost and smaller CO2 footprint per unit of energy stored over its lifetime. The team will next investigate if the same material design principles can be used to build cathodes from raw materials that are less scarce. "Both cobalt and nickel are so-called critical materials for energy technologies and it would be a good thing to reduce the use these materials in batteries," says the paper's senior author, Marnix Wagemaker.
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Stilling the quantum dance of atoms | ScienceDaily
Researchers based at the University of Cambridge have discovered a way to stop the quantum dance of atoms 'seen' by electrons in carbon-based organic molecules. This development will help improve the performance of light emitting molecules used in displays and bio-medical imaging.


						
Since the discovery of quantum mechanics more than a hundred years ago, it has been known that electrons in molecules can be coupled to the motion of the atoms that make up the molecules. Often referred to as molecular vibrations, the motion of atoms act like tiny springs, undergoing periodic motion. For electrons in these systems, being joined to the hip with these vibrations means they are constantly in motion too, dancing to the tune of the atoms, on timescales of a millionth of a billionth of a second. But all this dancing around leads to a loss of energy and limits the performance of organic molecules in applications like light emitting diodes (OLEDs), infrared sensors and fluorescent biomarkers used in the study of cells and for tagging diseases such as cancer cells.

Now, researchers using laser-based spectroscopic techniques have discovered 'new molecular design rules' capable of halting this molecular dance. Their results, reported in Nature, revealed crucial design principles that can stop the coupling of electrons to atomic vibrations, in effect shutting down their hectic dancing and propelling the molecules to achieve unparalleled performance.

"All organic molecules, such as those found in living cells or within the screen of your phone consist of carbon atoms connected to each other via a chemical bond," said Cavendish PhD student Pratyush Ghosh, first author of the study and member of St John's College.

"Those chemical bonds are like tiny vibrating springs, which are generally felt by electrons, impairing the performance of molecules and devices. However, we have now found that certain molecules can avoid these detrimental effects when we restrict the geometric and electronic structure of the molecule to some special configurations."

To demonstrate these design principles, the scientists designed a series of efficient near-infrared emitting (680-800 nm) molecules. In these molecules, energy losses resulting from vibrations -- essentially, electrons dancing to the tune of atoms -- were more than 100 times lower than in previous organic molecules.

This understanding and development of new rules to design light emitting molecules has opened an extremely interesting trajectory for the future, where these fundamental observations can be applied to industries.

"These molecules also have a wide range of applications today. The task now is to translate our discovery to make better technologies, from enhanced displays to improved molecules for bio-medical imaging and disease detection," concluded Professor Akshay Rao from Cavendish Laboratory, who led this research.
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Swarms of miniature robots clean up microplastics and microbes, simultaneously | ScienceDaily
When old food packaging, discarded children's toys and other mismanaged plastic waste break down into microplastics, they become even harder to clean up from oceans and waterways. These tiny bits of plastic also attract bacteria, including those that cause disease. In a study in ACS Nano, researchers describe swarms of microscale robots (microrobots) that captured bits of plastic and bacteria from water. Afterward, the bots were decontaminated and reused. 


						
The size of microplastics, which measure 5 millimeters or less, adds another dimension to the plastic pollution problem because animals can eat them, potentially being harmed or passing the particles into the food chain that ends with humans. So far, the health effects for people are not fully understood. However, microplastics themselves aren't the only concern. These pieces attract bacteria, including pathogens, which can also be ingested. To remove microbes and plastic from water simultaneously, Martin Pumera and colleagues turned to microscale robotic systems, comprised of many small components that work collaboratively, mimicking natural swarms, like schools of fish.

To construct the bots, the team linked strands of a positively charged polymer to magnetic microparticles, which only move when exposed to a magnetic field. The polymer strands, which radiate from the surface of the beads, attract both plastics and microbes. And the finished products -- the individual robots -- measured 2.8 micrometers in diameter. When exposed to a rotating magnetic field, the robots swarmed together. By adjusting the number of robots that self-organized into flat clusters, the researchers found that they could alter the swarm's movement and speed.

In lab experiments, the team replicated microplastics and bacteria in the environment by adding fluorescent polystyrene beads (1 micrometer-wide) and actively swimming Pseudomonas aeruginosa bacteria, which can cause pneumonia and other infections, to a water tank. Next, the researchers added microrobots to the tank and exposed them to a rotating magnetic field for 30 minutes, switching it on and off every 10 seconds. A robot concentration of 7.5 milligrams per milliliter, the densest of four concentrations tested, captured approximately 80% of the bacteria. Meanwhile, at this same concentration, the number of free plastic beads also gradually dropped, as they were drawn to the microrobots. Afterward, the researchers collected the robots with a permanent magnet and used ultrasound to detach the bacteria clinging to them. They then exposed the removed microbes to ultraviolet radiation, completing the disinfection. When reused, the decontaminated robots still picked up plastic and microbes, albeit smaller amounts of both. This microrobotic system provides a promising approach for ridding water of plastic and bacteria, the researchers note.

The authors acknowledge funding from the European Regional Development Fund/Europeal Social Fund project TECHSCALE, the REFRESH program of the European Union and CzechNanoLab.
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Why is breaking down plant material for biofuels so slow? | ScienceDaily
Cellulose, which helps give plant cell walls their rigid structure, holds promise as a renewable raw material for biofuels -- if researchers can accelerate the production process. Compared to the breakdown of other biofuel materials like corn, breaking down cellulose is slow and inefficient but could avoid concerns around using a food source while taking advantage of abundant plant materials that might otherwise go to waste. New research led by Penn State investigators has revealed how several molecular roadblocks slow this process.


						
The team's most recent study, published in the Proceedings of the National Academy of Sciences, describes the molecular process by which cellobiose -- a two-sugar fragment of cellulose that is made during cellulose deconstruction -- can clog up the pipeline and interfere with subsequent cellulose breakdown.

Biofuel production relies on the breakdown of compounds like starch or cellulose into glucose, which can then be efficiently fermented into ethanol for use as a fuel or converted into other useful materials. The predominant biofuel option on the market today is generated from corn, in part because, the researchers said, their starches break down easily.

"There are several concerns about using corn as a biofuel source, including competing with the global food supply and the large quantity of greenhouse gasses produced when generating corn-based ethanol," said Charles Anderson, professor of biology in the Penn State Eberly College of Science and an author of the paper. "A promising alternative is to break down cellulose from the non-edible parts of plants like corn stalks, other plant waste like forestry residue, and potentially dedicated crops that could be grown on marginal land. But one of the major things holding back so-called second-generation biofuels from being economically competitive is that the current process to break down cellulose is slow and inefficient."

We have been using a relatively new imaging technique to explore the molecular mechanisms that slow down this process."

Cellulose is composed of chains of glucose, held together by hydrogen bonds into crystalline structures. Scientists use enzymes called cellulases, derived from fungi or bacteria, to break down plant material and extract the glucose from the cellulose. But, the researchers said, cellulose's crystalline structure paired with other compounds called xylan and lignin -- also present in cell walls -- provide additional challenges to the cellulose breakdown. Traditional techniques, however, were unable to reveal the specific molecular mechanisms of these slowdowns.

To explore these unclear mechanisms, the researchers chemically tagged individual cellulases with fluorescent markers. They then used Penn State's SCATTIRSTORM microscope, which the team designed and built for this very purpose, to trace the molecules through each step of the breakdown process and interpreted the resulting videos using computational processing and biochemical modeling.




"Traditional methods observe the breakdown process at a larger scale, artificially manipulate the position of the enzyme or only capture molecules in motion, which means you may miss some of the naturally occurring process," said Will Hancock, professor of biomedical engineering in the Penn State College of Engineering and an author of the paper. "Using the SCATTIRSTORM microscope, we were able to watch individual cellulase enzymes in action to really get at what is slowing down this process and generate new ideas for how to make it more efficient."

The researchers specifically studied the effect of a fungal cellulase enzyme called Cel7A. As part of the breakdown process, Cel7A feeds cellulose into a sort of molecular tunnel, where it is chopped up.

"Cel7A moves the glucose chain to the 'front door' of the tunnel, the chain is cleaved, and the products come out the 'back door' in a sort of pipeline," said Daguan Nong, assistant research professor of biomedical engineering in the Penn State College of Engineering and first author of the paper. "We aren't exactly sure how the enzyme threads the glucose chain to the tunnel or what exactly goes on inside, but we knew from previous studies that the product that comes out the back door, cellobiose, can interfere with the processing of subsequent cellulose molecules. Now, we know more about how it is interfering."

Within the tunnel, Cel7A chops up cellulose -- which has repeating units of glucose -- into two-sugar cellobiose fragments. The researchers found that cellobiose in solution can bind to the "back door" of the tunnel, which can slow down the exit of subsequent cellobiose molecules as it essentially blocks the way. Additionally, they found that it can bind to Cel7A near the front door, preventing the enzyme from binding to additional cellulose.

"Because cellobiose is so similar to cellulose, it's maybe not surprising that the little pieces can get into the tunnel," Hancock said. "Now that we have a better understanding of how exactly cellobiose is mucking things up, we can explore new ways to fine tune this process. For example, we could alter the front or the back door of the tunnel or change aspects of the Cel7A enzyme to be more efficient at preventing this inhibition. There has been a lot of work to engineer more efficient cellulase enzymes over the last two decades, and it's an incredibly powerful approach. Having a better understanding of the molecular mechanisms that limit cellulose degradation will help us direct this effort."

This research builds off recent work by the research team to understand other roadblocks to the degradation process -- xylan and lignin -- which they published recently in RSC Sustainability and Biotechnology for Biofuels and Bioproducts.




"We found that xylan and lignin operate in different ways to interfere with the breakdown of cellulose," said Nerya Zexer, postdoctoral researcher in biology in the Penn State Eberly College of Science and lead author of the RSC Sustainability paper. "Xylan coats the cellulose, reducing the proportion of the enzymes that can bind to and move cellulose. Lignin inhibits the enzyme's ability to bind to cellulose as well as its movement, reducing the velocity and distance of the enzyme."

Although strategies exist to remove components like xylan and lignin from the cellulose, the researchers said the removal of cellobiose is more difficult. One method uses a second enzyme to cleave cellobiose, but it adds additional cost and complexity to the system.

"About 50 cents per gallon of bioethanol production costs is dedicated just to enzymes, so minimizing this cost would do a lot in terms of making bioethanol from plant waste more competitive with fossil fuels or corn-based ethanol," Anderson said. "We will continue to investigate how to engineer enzymes and explore how enzymes might work together with the goal of making this process as low-cost and efficient as possible."

The research team at Penn State also includes Zachary Haviland, undergraduate student majoring in biomedical engineering at the time of the research; Sarah Pfaff, graduate student in biology at the time of the research; Daniel Cosgrove, Holder of the Eberly Family Chair in Biology; Ming Tien, professor emeritus of biochemistry and molecular biology; and Alec Paradiso, undergraduate student majoring in biotechnology.

Funding from the U.S. Department of Energy (DOE) and the U.S. National Science Foundation supported this work, including the construction of the SCATTIRSTORM microscope. Additional support was provided by the Center for Lignocellulose Structure and Formation, an Energy Frontier Research Center funded by the DOE.
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This sound-suppressing silk can create quiet spaces | ScienceDaily
We are living in a very noisy world. From the hum of traffic outside your window to the next-door neighbor's blaring TV to sounds from a co-worker's cubicle, unwanted noise remains a resounding problem.


						
To cut through the din, an interdisciplinary collaboration of researchers from MIT and elsewhere developed a sound-suppressing silk fabric that could be used to create quiet spaces.

The fabric, which is barely thicker than a human hair, contains a special fiber that vibrates when a voltage is applied to it. The researchers leveraged those vibrations to suppress sound in two different ways.

In one, the vibrating fabric generates sound waves that interfere with an unwanted noise to cancel it out, similar to noise-canceling headphones, which work well in a small space like your ears but do not work in large enclosures like rooms or planes.

In the other, more surprising technique, the fabric is held still to suppress vibrations that are key to the transmission of sound. This prevents noise from being transmitted through the fabric and quiets the volume beyond. This second approach allows for noise reduction in much larger spaces like rooms or cars.

By using common materials like silk, canvas, and muslin, the researchers created noise-suppressing fabrics which would be practical to implement in real-world spaces. For instance, one could use such a fabric to make dividers in open workspaces or thin fabric walls that prevent sound from getting through.

"Noise is a lot easier to create than quiet. In fact, to keep noise out we dedicate a lot of space to thick walls. [First author] Grace's work provides a new mechanism for creating quiet spaces with a thin sheet of fabric," says Yoel Fink, a professor in the departments of Materials Science and Engineering and Electrical Engineering and Computer Science, a Research Laboratory of Electronics principal investigator, and senior author of a paper on the fabric.




The study's lead author is Grace (Noel) Yang SM '21, PhD '24. Co-authors include MIT graduate students Taigyu Joo, Hyunhee Lee, Henry Cheung, and Yongyi Zhao; Zachary Smith, the Robert N. Noyce Career Development Professor of Chemical Engineering at MIT; graduate student Guanchun Rui and professor Lei Zhu of Case Western University; graduate student Jinuan Lin and Assistant Professor Chu Ma of the University of Wisconsin at Madison; and Latika Balachander, a graduate student at the Rhode Island School of Design. The an open-access paper about the research appeared recently in Advanced Materials.

Silky silence

The sound-suppressing silk builds off the group's prior work to create fabric microphones.

In that research, they sewed a single strand of piezoelectric fiber into fabric. Piezoelectric materials produce an electrical signal when squeezed or bent. When a nearby noise causes the fabric to vibrate, the piezoelectric fiber converts those vibrations into an electrical signal, which can capture the sound.

In the new work, the researchers flipped that idea to create a fabric loudspeaker that can be used to cancel out soundwaves.

"While we can use fabric to create sound, there is already so much noise in our world. We thought creating silence could be even more valuable," Yang says.




Applying an electrical signal to the piezoelectric fiber causes it to vibrate, which generates sound. The researchers demonstrated this by playing Bach's "Air" using a 130-micrometer sheet of silk mounted on a circular frame.

To enable direct sound suppression, the researchers use a silk fabric loudspeaker to emit sound waves that destructively interfere with unwanted sound waves. They control the vibrations of the piezoelectric fiber so that sound waves emitted by the fabric are opposite of unwanted sound waves that strike the fabric, which can cancel out the noise.

However, this technique is only effective over a small area. So, the researchers built off this idea to develop a technique that uses fabric vibrations to suppress sound in much larger areas, like a bedroom.

Let's say your next-door neighbors are playing foosball in the middle of the night. You hear noise in your bedroom because the sound in their apartment causes your shared wall to vibrate, which forms sound waves on your side.

To suppress that sound, the researchers could place the silk fabric onto your side of the shared wall, controlling the vibrations in the fiber to force the fabric to remain still. This vibration-mediated suppression prevents sound from being transmitted through the fabric.

"If we can control those vibrations and stop them from happening, we can stop the noise that is generated, as well," Yang says.

A mirror for sound

Surprisingly, the researchers found that holding the fabric still causes sound to be reflected by the fabric, resulting in a thin piece of silk that reflects sound like a mirror does with light.

Their experiments also revealed that both the mechanical properties of a fabric and the size of its pores affect the efficiency of sound generation. While silk and muslin have similar mechanical properties, the smaller pore sizes of silk make it a better fabric loudspeaker.

But the effective pore size also depends on the frequency of sound waves. If the frequency is low enough, even a fabric with relatively large pores could function effectively, Yang says.

When they tested the silk fabric in direct suppression mode, the researchers found that it could significantly reduce the volume of sounds up to 65 decibels (about as loud as enthusiastic human conversation). In vibration-mediated suppression mode, the fabric could reduce sound transmission up to 75 percent.

These results were only possible due to a robust group of collaborators, Fink says. Graduate students at the Rhode Island School of Design helped the researchers understand the details of constructing fabrics; scientists at the University of Wisconsin at Madison conducted simulations; researchers at Case Western Reserve University characterized materials; and chemical engineers in the Smith Group at MIT used their expertise in gas membrane separation to measure airflow through the fabric.

Moving forward, the researchers want to explore the use of their fabric to block sound of multiple frequencies. This would likely require complex signal processing and additional electronics.

In addition, they want to further study the architecture of the fabric to see how changing things like the number of piezoelectric fibers, the direction in which they are sewn, or the applied voltages could improve performance.

"There are a lot of knobs we can turn to make this sound-suppressing fabric really effective. We want to get people thinking about controlling structural vibrations to suppress sound. This is just the beginning," says Yang.

This work is funded, in part, by the National Science Foundation (NSF), the Army Research Office (ARO), the Defense Threat Reduction Agency (DTRA), and the Wisconsin Alumni Research Foundation.
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Emergency department packed to the gills? Someday, AI may help | ScienceDaily
UCSF-led study finds artificial intelligence is as good as a physician at prioritizing which patients need to be seen first.


						
Emergency departments nationwide are overcrowded and overtaxed, but a new study suggests artificial intelligence (AI) could one day help prioritize which patients need treatment most urgently.

Using anonymized records of 251,000 adult emergency department (ED) visits, researchers at UC San Francisco evaluated how well an AI model was able to extract symptoms from patients' clinical notes to determine their need to be treated immediately. They then compared the AI analysis with the patients' scores on the Emergency Severity Index, a 1-5 scale that ED nurses use when patients arrive to allocate care and resources by highest need, a process known as triage.

The patients' data were separated from their actual identities (de-identified) for the study, which publishes May 7, 2024, in JAMA Network Open. The researchers evaluated the data using the ChatGPT-4 large language model (LLM), accessing it via UCSF's secure generative AI platform, which has broad privacy protections.

The researchers tested the LLM's performance with a sample of 10,000 matched pairs -- 20,000 patients in total -- that included one patient with a serious condition, such as stroke, and another with a less urgent condition, such as a broken wrist. Given only the patients' symptoms, the AI was able to identify which ED patient in the pair had a more serious condition 89% of the time.

In a sub-sample of 500 pairs that were evaluated by a physician as well as the LLM, the AI was correct 88% of the time, compared to 86% for the physician.

Having AI assist in the triage process could free up critical physician time to treat patients with the most serious conditions, while offering backup decision-making tools for clinicians who are juggling multiple urgent requests.




"Imagine two patients who need to be transported to the hospital but there is only one ambulance. Or a physician is on call and there are three people paging her at the same time, and she has to determine who to respond to first," said lead author Christopher Williams, MB, BChir, a UCSF postdoctoral scholar at the Bakar Computational Health Sciences Institute.

Not quite ready for prime time

The study is one of only a few to evaluate an LLM using real-world clinical data, rather than simulated scenarios, and is the first to use more than 1,000 clinical cases for this purpose. It's also the first study to use data from visits to the emergency department, where there is a wide array of possible medical conditions.

Despite its success within this study, Williams cautioned that AI is not ready to use responsibly in the ED without further validation and clinical trials.

"It's great to show that AI can do cool stuff, but it's most important to consider who is being helped and who is being hindered by this technology," said Williams. "Is just being able to do something the bar for using AI, or is it being able to do something well, for all types of patients?"

One important issue to untangle is how to eliminate bias from the model. Previous research has shown these models may perpetuate racial and gender biases in health care, due to biases within the data used to train them. Williams said that before these models can be used, they will need to be modified to strip out that bias.

"First we need to know if it works and understand how it works, and then be careful and deliberate in how it is applied," Williams said. "Upcoming work will address how best to deploy this technology in a clinical setting."
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Efficacy of solar panels boosted | ScienceDaily
Solar energy is a crucial asset in the fight against climate change, and researchers at the University of Ottawa have devised a smart approach to optimize its effectiveness. Their innovative method includes incorporating artificial ground reflectors, a simple yet powerful enhancement.


						
The researchers found that by integrating these reflectors into solar setups, they could improve the system's energy production and efficiency, making such projects more economically viable. This discovery is significant in assessing the costs and benefits of using artificial reflectors in solar energy ventures.

To study how reflective ground covers affect solar energy output, the University of Ottawa's SUNLAB, led by electrical engineering Professor Karin Hinzer, who is also vice-dean, research of the Faculty of Engineering, collaborated with the National Renewable Energy Laboratory (NREL) in Golden, Colorado, a world leader in clean energy research, development, and deployment. The study, which was conducted by electrical engineering doctoral candidate Mandy Lewis in Golden, Colorado, found that placing reflective surfaces under solar panels can increase their energy output by up to 4.5%.

"We found that highly reflective white surfaces can boost solar power output," explains Mandy Lewis, the paper's lead author. "Critically, these reflectors should be placed directly under the solar panels, not between rows, to maximize this benefit."

Unlocking solar potential in Canada and beyond

These findings are particularly significant in Canada, where snow cover persists for three-to four months of the year in major cities like Ottawa and Toronto, and 65% of the country's vast landmass experiences snow cover for over half the year. Bifacial solar systems, paired with high ground reflectivity, offer tremendous potential in these regions. Additionally, given that approximately 4% of the world's land areas are classified as sandy deserts, this finding has global applications.

According to Lewis, "this research is crucial for maximizing solar energy production in geographically diverse locations. Furthermore, by generating more power per unit of land area, reflectors are ideal for densely populated areas, like city centres, where space limitations exist for solar installations."

This study marks the beginning of a new international research collaboration between the University of Ottawa and NREL. The project was funded by the National Sciences and Engineering Research Council of Canada (NSERC), Ontario Graduate Scholarships (OGS), and the US Department of Energy (DoE), underscoring the importance of collaborative efforts in advancing renewable energy technologies.

Global impact in facilitating the transition to clean energy

This research will contribute significantly to the global transition to zero-emission power sources. These findings hold particular value for Canada and other countries that are typically cloudy, since power gains of 6.0% were observed in cloudy Seattle compared to 2.6% in arid Tucson.
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'Better than graphene' material development may improve implantable technology | ScienceDaily
Move over, graphene. There's a new, improved two-dimensional material in the lab. Borophene, the atomically thin version of boron first synthesized in 2015, is more conductive, thinner, lighter, stronger and more flexible than graphene, the 2D version of carbon. Now, researchers at Penn State have made the material potentially more useful by imparting chirality -- or handedness -- on it, which could make for advanced sensors and implantable medical devices. The chirality, induced via a method never before used on borophene, enables the material to interact in unique ways with different biological units such as cells and protein precursors.


						
The team, led by Dipanjan Pan, Dorothy Foehr Huck & J. Lloyd Huck Chair Professor in Nanomedicine and professor of materials science and engineering and of nuclear engineering, published their work -- the first of its kind, they said -- in ACS Nano.

"Borophene is a very interesting material, as it resembles carbon very closely including its atomic weight and electron structure but with more remarkable properties. Researchers are only starting to explore its applications," Pan said. "To the best of our knowledge, this is the first study to understand the biological interactions of borophene and the first report of imparting chirality on borophene structures."

Chirality refers to similar but not identical physicality, like left and right hands. In molecules, chirality can make biological or chemical units exist in two versions that cannot be perfectly matched, as in a left and right mitten. They can mirror each other precisely, but a left mitten will never fit the right hand as well as it fits the left hand.

Borophene is structurally polymorphic, which means its boron atoms can be arranged in different configurations to give it different shapes and properties, much like how the same set of Lego blocks can be built into different structures. This gives researchers the ability to "tune" borophene to give it various properties, including chirality.

"Since this material has remarkable potential as a substrate for implantable sensors, we wanted to learn about their behavior when exposed to cells," Pan said. "Our study, for the first time ever, showed that various polymorphic structures of borophene interact with cells differently and their cellular internalization pathways are uniquely dictated by their structures."

The researchers synthesized borophene platelets -- similar to the cellular fragments found in blood -- using solution state synthesis, which involves exposing a powdered version of the material in a liquid to one or more external factors, such as heat or pressure, until they combine into the desired product.




"We made the borophene by subjecting the boron powders to high-energy sound waves and then mixed these platelets with different amino acids in a liquid to impart the chirality," Pan said. "During this process, we noticed that the sulfur atoms in the amino acids preferred to stick to the borophene more than the amino acids' nitrogen atoms did."

The researchers found that certain amino acids, like cysteine, would bind to borophene in distinct locations, depending on their chiral handedness. The researchers exposed the chiralized borophene platelets to mammalian cells in a dish and observed that their handedness changed how they interacted with cell membranes and entered cells.

According to Pan, this finding could inform future applications, such as development of higher-resolution medical imaging with contrast that could precisely track cell interactions or better drug delivery with pinpointed material-cell interactions. Critically, he said, understanding how the material interacts with cells -- and controlling those interactions -- could one day lead to safer, more effective implantable medical devices.

"Borophene's unique structure allows for effective magnetic and electronic control," Pan said, noting the material could have additional applications in health care, sustainable energy and more. "This study was just the beginning. We have several projects underway to develop biosensors, drug delivery systems and imaging applications for borophene."

Along with Pan, other authors of the study include Teresa Aditya, postdoctoral researcher in nuclear engineering; Parikshit Moitra, research assistant professor of nuclear engineering at Penn State during the study and current assistant professor at the Indian Institute of Science Education and Research; Maha Alafeef, research scientist at Penn State during the study and current assistant professor at Jordan University of Science and Technology; and David Skrodzki, graduate research assistant in materials science and engineering at Penn State.

The Centers for Disease Control and Prevention, the U.S. National Science Foundation and the Department of Defense partially supported this research.
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Seeking medical insights in the physics of mucus | ScienceDaily
As much as we might not want to think about it, mucus is everywhere in our bodies. It coats our airways and our digestive systems and serves as a first line of defense against pathogens, a habitat for our microbiomes, and a conveyor belt for our insides to keep everything moving smoothly.


						
The front-line role of mucus means it is often the site of the first symptoms of infection or disease. Understanding how mucus changes, and what it changes in response to, can help diagnose illnesses and develop treatments. Designing a study to measure the physical properties of mucus, however, is nothing to sneeze at.

In APL Bioengineering, by AIP Publishing, researchers from Stanford University developed a system to grow mucus-producing intestinal cells and study the characteristics of the mucus in different conditions. Their platform can explore the effects of pathogens and help develop medications to combat them.

Currently, researchers looking to study intestinal mucus commonly use lab animals for their experiments. These animals would be given a pathogen or drug, and researchers would surgically remove the intestinal mucus to study the effects. This process is expensive, complex, and most importantly, deeply unpleasant for the animals.

In addition, the researchers say, the act of removing the mucus is likely to change how it behaves, making any obtained results unreliable.

"When people collect the mucus from the animal, they'll pipette it off or scrape it off," said author Margaret Braunreuther. "But what we found is that when we pipette the mucus layer from our cell culture, we see a very different behavior after that action. We think that the act of pipetting or scraping this very soft polymeric solution is resulting in more liquidlike behavior."

The alternative process developed by the Stanford team involves growing a layer of intestinal cells on a laboratory plate exposed to air. These cells produce a layer of mucus that the researchers can easily access for testing. Using a magnetic wire, they could measure the consistency of the mucus without affecting its properties.




"We put this wire on the mucus layer of the live cells, and then we applied a magnetic force to this probe and measured its displacement," said Braunreuther. "From the relationship between the applied force and the magnetic wire displacement, we can then calculate the rheological properties of the material."

Using this setup, the team simulated an infection by a parasitic worm to observe how the mucus responds. This study serves as both a practical demonstration of their platform and a glimpse into how these infections could be treated.

The group is now exploring even more ways to leverage their approach for better mucus health.

"We have a parallel effort to study airway mucus, looking at conditions such as cystic fibrosis and acute asthma," said author Gerald Fuller. "We also started a collaboration with a group in Berlin to develop drugs to restore a healthy mucus response."
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Study sheds light on cancer cell 'tug-of-war' | ScienceDaily
Understanding how cancerous cells spread from a primary tumor is important for any number of reasons, including determining the aggressiveness of the disease itself. The movement of cells into the extracellular matrix (ECM) of neighboring tissue is an essential step in cancer progression that directly correlates to the onset of metastasis.


						
In APL Bioengineering, by AIP Publishing, a team of researchers from Germany and Spain used a breast cancer cell line panel and primary tumor explants from breast and cervical cancer patients to examine two different cellular contractility modes: one that generates collective tissue surface tension that keeps cell clusters compact and another, more directional, contractility that enables cells to pull themselves into the ECM.

"We focused on two parameters, namely the ability of the cells to pull on the ECM fibers and generate traction forces and on their ability to pull on each other, thereby generating a high tissue surface tension," said author Eliane Blauth. "We linked each property to different contractile mechanisms and asked how they are connected to cancer cell escape and tumor aggressiveness."

The team found that more aggressive cells pull more strongly on the ECM than on themselves while noninvasive cells pull more strongly on themselves than on the ECM -- and that the different pulling behaviors are attributed to different structures of actin cytoskeleton inside the cells. Invasive cells use predominantly actin stress fibers -- thick actin bundles that span the cell -- to generate forces on their surroundings, while noninvasive cells generate forces through their actin cortex, a thin network directly under the cell membrane.

The study showed it is not the overall magnitude of these contractility modes but the interplay between them that determines a cell's potential for escape. Experiments with only moderately invasive cells demonstrated the total force these cells generate on the ECM fibers is comparable to that of noninvasive cells, yet they can still detach and invade the ECM, which is not possible for noninvasive cells.

"The noninvasive cells still have a high cortical contractility, keeping them together, while the moderately invasive cells have a nearly disappearing cortical contractility," said Blauth. "So not much is holding them back even though they pull much weaker on the ECM fibers."

The team's measurements with patient-derived vital tumor explants confirmed their findings from the cell line experiments. Here, the number of cells with a high cortical contractility decreased during tumor progression.

"This further indicates that the ability of the cells to pull on each other and hold themselves clustered together becomes weaker as the tumor grows, potentially increasing metastasis risk."
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Low-energy process for high-performance solar cells | ScienceDaily
Finding reliable, eco-friendly power sources is crucial as our world grapples with increasing energy needs and the urgent call to combat climate change. Solar energy offers one solution, with scientists devising ever more efficient materials for capturing sunlight.


						
Perovskite solar cells have emerged as a promising alternative to conventional, silicon solar cells, boasting a number of advantages. But processing the material has been a complicated affair. Now, researchers at UC Santa Barbara have developed a method to make high-quality perovskite films at room temperature. The team's innovation not only simplified the production process but also increased the material's efficiency from under 20% to 24.4%. The details appear in the journal Joule.

Perovskite is a class of materials characterized by its specific crystal structure, exemplified by the mineral of the same name. Solar cells made from this material boast many advantages compared to silicon-based solar cells. They're lightweight, flexible and can be applied as a spray or printed like ink. Perovskite solar cell production also has the potential for a smaller carbon footprint than silicon photovoltaics, which require high temperatures and a cleanroom environment.

That said, producing these cells involves high-temperature annealing and tricky post-treatment steps, significantly slowing fabrication and making it hard to incorporate them into everyday items. These factors impede perovskite's adoption in large-scale manufacturing and make them less environmentally friendly.

By fine tuning the material's chemical composition, the authors developed a perovskite ink that created high-quality films much more effectively. "Our method follows the same procedures as the conventional one, except for omitting the two most time-consuming steps: thermal annealing and post-treatment," said co-lead author Ahra Yi, a postdoctoral researcher at UC Santa Barbara. The simpler fabrication technique also meshes better with standard manufacturing processes and reduces the overall energy use, which lowers its carbon dioxide emissions.

What's more, the new material outperformed cells made using the high-temperature process. "Our optimized perovskite solar cell achieved a remarkable efficiency of 24.4%," said co-lead author and UCSB doctoral student Sangmin Chae, "surpassing previous limits, which were below 20% for room-temperature processed devices."

The new procedure is also extremely gentle. To demonstrate this, the team prepared a perovskite layer on fresh leaves, a feat that was impossible with the previous, high-temperature process. "We thought this choice would be both eye-catching and symbolic, since solar cells mimic the photosynthetic process in leaves," said Yi.

This versatility opens up a wide range of possible applications. It's well suited for flexible indoor and outdoor energy generation. "With our approach, we can now contemplate the development of high-efficiency solar cells with free-form designs capable of powering the ever-increasing array of wearable electronics, sensors, displays, security cameras, Internet of Things (IoT) devices, et cetera," said senior author, Professor Thuc-Quyen Nguyen, director of the UCSB Center for Polymers & Organic Solids.
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Tiny displacements, giant changes in optical properties | ScienceDaily
Watch out, Marie Kondo. While we usually think of disorder as a bad thing, a team of materials science researchers led by Rohan Mishra, from Washington University in St. Louis, and Jayakanth Ravichandran, from the University of Southern California, have revealed that -- when it comes to certain crystals -- a little structural disorder might have big impacts on useful optical properties.


						
In a study published online March 23 in Advanced Materials, first authors Boyang Zhao, a USC graduate student in materials science working with Ravichandran, and Guodong Ren, a graduate student working with Mishra in WashU's Institute of Materials Science and Engineering, described a new pathway to obtain novel optical and electronic properties from structural disorder. They found that tiny displacements of just a few picometers -- that's 100,000 times smaller than the thickness of a sheet of paper -- in the atomic structure of a crystal could have minimal impacts on optical properties in one direction but produce giant functional enhancements when viewed from another angle.

In this case, the refractive index of the material, or how much light bends or deviates from its original path when is passes through, changed dramatically with atomic disorder.

Such functional enhancements could have practical applications in imaging, remote sensing and even medicine. By controlling the degree of atomic disorder to achieve desired optical properties, the researchers anticipate developing crystals that enable advanced infrared imaging in low light conditions, for example, improving the performance of autonomous vehicles driving at night or medical imaging devices.

"We've been working on semiconductor materials for years, gradually moving down the periodic table, looking for materials that behave well but also do interesting or unexpected things," said Ravichandran, the Philip and Cayley MacDonald Endowed Early Career Chair and associate professor in the Viterbi School of Engineering at USC. "When we started looking at ways to get more tunability -- to craft materials ideally suited for specific applications -- we found that properties varied dramatically when measured from different directions."

When materials have different properties or behavior when measured or observed from different directions, that's known as anisotropy. Anisotropic materials have different characteristics depending on how you look at them, and that can make a huge impact on features including light transmission, mechanical behavior, and other physical or electrical properties critical to the functioning of everyday devices like cameras.

The material the team studied, barium titanium sulfide (BaTiS3), a hexagonal crystal, was already known to have large optical anisotropy, but scientists couldn't figure out why. It took years of back-and-forth collaboration between teams at WashU, USC and various national labs, but eventually the team cracked the case.




"We were seeing big discrepancies between theory and experiment -- shining a light on the material at different angles was making a huge difference in optical properties for reasons that weren't clear," said Mishra, associate professor of mechanical engineering & materials science in the McKelvey School of Engineering at WashU. "The key turned out to be structural instabilities that result in certain atoms, in this case the Ti atoms, to displace away from more symmetric positions in a disordered manner. Small anisotropic displacements showed up in high-resolution synchrotron experiments, then we knew to look closer at the atomic structure using an electron microscope."

"Picometer-scale displacements are so tiny that you'll only find them if you're specifically looking for them," Ravichandran added.

That level of fine detail usually isn't needed, even for cutting-edge materials science research, because light vibrates so quickly that it smooths over local imperfections in a material. Not this time.

Ren and Zhao had to look at every assumption and every piece of theory to figure out how to explain the mismatch between theory and experiment, Mishra and Ravichandran said, noting that solving this mystery was only possible through collaboration. Using a combination of advanced techniques including single crystal X-ray diffraction, solid-state nuclear magnetic resonance and scanning transmission electron microscopy, the researchers found evidence of anisotropic atomic displacements of the titanium atoms in BaTiS3. These incredibly tiny, picoscale displacements happen in local clusters within the material, yet they exert a profound influence on global optical properties.

"The key thing is that tiny displacements can have giant effects," Mishra said. "We're still exploring how factors like temperature might change this material's optical properties, but with this study we've developed a deep understanding of the relationship between structural disorder and optical response. That will help as we continue discovering new materials and functionalities."

This work was supported by the Army Research Office (W911NF-19-1-0137 and W911NF-21-1-0327), the National Science Foundation (DMR-2122070, 2122071 and 2145797), the Air Force Office of Scientific Research (FA9550-22-1-0117), the Office of Naval Research (N00014-20-1-2297), the USC Provost New Strategic Directions for Research Award, and the U.S. Department of Energy Office of Science.
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From fossils to fuel: Mozambique's Maniamba Basin's energy potential | ScienceDaily
In the ever-expanding search for energy resources, a new study has emerged from Mozambique's Maniamba Basin. A team led by Nelson Nhamutole, a PhD student at the University of the Witwatersrand, and his team of scientists from around the world, shared in the South African Journal of Geology that Mozambique's Maniamba Basin could be a big source of natural gas.


						
Spanning an impressive 8,000,000 km2, the Maniamba Basin is a geological marvel. Its layers of Permian to Early Triassic rocks hold the secrets of the Earth's ancient past, now thought to be ripe with organic material capable of producing natural gas. This revelation is a beacon for energy prospects in a world craving sustainable sources.

Nelson and his research team embarked on a meticulous journey, analysing samples from four outcrops within the basin. Employing cutting-edge techniques like Rock Eval Pyrolysis, they deciphered the organic richness of different types of rock, including shale, claystone, sandstone, and siltstone. Rock Eval Pyrolysis is a technique used extensively in the petroleum industry to evaluate the hydrocarbon potential of rocks, if they contain oil or gas, where these rocks could have been deposited, and whether they're mature enough to have generated oil or gas. "The most challenging part was to get the right laboratory to perform the Rock Eval analysis, I had to travel all the way to the Rio Grande do Sul University in Brazil," says Nelson.

By using this technique, Nelson and his team found A "good to excellent" total organic carbon content in the rocks from the Maniamba Basin, a key indicator of the rock's potential to generate hydrocarbons. At the heart of this prized potential energy is kerogen, the organic matter in rocks that, under the right thermal conditions, can transform into natural gas and oil. The study identified a mixed presence of kerogen types, predominantly Type III and IV, suggesting the organic matter is mainly of terrestrial origin. This points to a landscape once lush with vegetation typical of Gondwana ecosystem now the source of potential gas reserves.

The path from organic-rich rock to be converted into hydrocarbon is a matter of maturation. "Our capability to infer that the maturation stages were somehow influenced by igneous intrusions based on a small sample size is really exciting!" Nelson exclaims. The research shows the basin's rocks as mature to overmature, primarily influenced by tectonic activities and proximity to igneous intrusions (formations that occur when magma from beneath the Earth's surface cools and solidifies before it reaches the surface). This maturation level integrated with the analysis of type of organic matter is indicative of the basin's capability to generate gas, rather than oil, a crucial insight for future exploration strategies. Drawing parallels across Karoo sites, the study links the Maniamba Basin's organic matter properties with those found in other Karoo sites stretching from Mozambique to Tanzania, Zimbabwe, Zambia and South Africa. This not only highlights the basin's potential but also ties it to a broader geological narrative of Gondwana, the ancient supercontinent.

The discovery of the Maniamba Basin's potential is a significant stride in energy exploration, yet it's only the first step. The research underscores the need for further investigations to fully unravel the basin's secrets. Advanced studies, employing a suite of geochemical and geological analyses, are essential to map out the path from potential to production.

As Mozambique stands on the brink of a new era in energy exploration, the Maniamba Basin study shows the power of international collaboration in unlocking the Earth's hidden treasures. For a world grappling with energy challenges, the basin can offers a glimpse of hope, a promise of a sustainable future fuelled by the very rocks beneath our feet. "The rock evaluation data alone can't fully tell us about the potential sources of oil and gas, so we need to use other methods as well," says Nelson. "In my future research, I plan to combine several techniques, including studying the types of organic material in the rocks, examining pollen and spores, looking at chemical fossils, and analysing the elements present to learn more about the potential of source rocks in the Maniamba Basin. Additionally, figuring out the age of the rock layers by looking at when certain microfossils appear and disappear will be especially important."
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New super-pure silicon chip opens path to powerful quantum computers | ScienceDaily
Researchers at the Universities of Melbourne and Manchester have invented a breakthrough technique for manufacturing highly purified silicon that brings powerful quantum computers a big step closer.


						
The new technique to engineer ultra-pure silicon makes it the perfect material to make quantum computers at scale and with high accuracy, the researchers say.

Project co-supervisor Professor David Jamieson, from the University of Melbourne, said the innovation - published today in Communication Materials, a Nature journal - uses qubits of phosphorous atoms implanted into crystals of pure stable silicon and could overcome a critical barrier to quantum computing by extending the duration of notoriously fragile quantum coherence.

"Fragile quantum coherence means computing errors build up rapidly. With robust coherence provided by our new technique, quantum computers could solve in hours or minutes some problems that would take conventional or 'classical' computers - even supercomputers - centuries," Professor Jamieson said.

Quantum bits or qubits* - the building blocks of quantum computers - are susceptible to tiny changes in their environment, including temperature fluctuations. Even when operated in tranquil refrigerators near absolute zero (minus 273 degrees Celsius), current quantum computers can maintain error-free coherence for only a tiny fraction of a second.  

University of Manchester co-supervisor Professor Richard Curry said ultra-pure silicon allowed construction of high-performance qubit devices - a critical component required to pave the way towards scalable quantum computers.  

"What we've been able to do is effectively create a critical 'brick' needed to construct a silicon-based quantum computer. It's a crucial step to making a technology that has the potential to be transformative for humankind," Professor Curry said. 

Lead author Ravi Acharya, a joint University of Manchester/University of Melbourne Cookson Scholar, said the great advantage of silicon chip quantum computing was it used the same essential techniques that make the chips used in today's computers.




"Electronic chips currently within an everyday computer consist of billions of transistors -- these can also be used to create qubits for silicon-based quantum devices. The ability to create high quality silicon qubits has in part been limited to date by the purity of the silicon starting material used. The breakthrough purity we show here solves this problem." 

Professor Jamieson said the new highly purified silicon computer chips house and protect the qubits so they can sustain quantum coherence much longer, enabling complex calculations with greatly reduced need for error correction.

"Our technique opens the path to reliable quantum computers that promise step changes across society, including in artificial intelligence, secure data and communications, vaccine and drug design, and energy use, logistics and manufacturing," he said.

Silicon - made from beach sand - is the key material for today's information technology industry because it is an abundant and versatile semiconductor: it can act as a conductor or an insulator of electrical current, depending on which other chemical elements are added to it.

"Others are experimenting with alternatives, but we believe silicon is the leading candidate for quantum computer chips that will enable the enduring coherence required for reliable quantum calculations," Professor Jamieson said.

"The problem is that while naturally occurring silicon is mostly the desirable isotope silicon-28, there's also about 4.5 percent silicon-29. Silicon-29 has an extra neutron in each atom's nucleus that acts like a tiny rogue magnet, destroying quantum coherence and creating computing errors," he said.




The researchers directed a focused, high-speed beam of pure silicon-28 at a silicon chip so the silicon-28 gradually replaced the silicon-29 atoms in the chip, reducing silicon-29 from 4.5 per cent to two parts per million (0.0002 per cent). 

"The great news is to purify silicon to this level, we can now use a standard machine - an ion implanter - that you would find in any semiconductor fabrication lab, tuned to a specific configuration that we designed," Professor Jamieson said.

In previously published research with the ARC Centre of Excellence for Quantum Computation and Communication Technology, the University of  Melbourne set - and still holds - the world record for single-qubit coherence of 30 seconds using silicon that was less purified. 30 seconds is plenty of time to complete error-free, complex quantum calculations.

Professor Jamieson said the  largest existing quantum computers had more than 1000 qubits, but errors occurred within milliseconds due to lost coherence.

"Now that we can produce extremely pure silicon-28, our next step will be to demonstrate that we can sustain quantum coherence for many qubits simultaneously. A reliable quantum computer with just 30 qubits would exceed the power of today's supercomputers for some applications," he said.

This latest work was supported by research grants from the Australian and UK governments.  Professor Jamieson's collaboration with the University of Manchester is supported by a Royal Society Wolfson Visiting Fellowship.

A 2020 report from Australia's CSIRO estimated that quantum computing in Australia has potential to create 10,000 jobs and $2.5 billion in annual revenue by 2040.

"Our research takes us significantly closer to realising this potential," Professor Jamieson said.

*A qubit - such as an atomic nucleus, electron, or photon - is a quantum object when it is in a quantum superposition of multiple states. Coherence is lost when the qubit reverts to a single state and becomes a classical object like a conventional computer bit, which is only ever one or zero and never in superposition.
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Millions in costs due to discharge of scrubber water into the Baltic Sea | ScienceDaily
Discharge from ships with so-called scrubbers cause great damage to the Baltic Sea. A new study from Chalmers University of Technology, Sweden, shows that these emissions caused pollution corresponding to socio-economic costs of more than EUR 680 million between 2014 and 2022. At the same time, the researchers note that the shipping companies' investments in the much-discussed technology, where exhaust gases are "washed" and discharged into the sea, have already been recouped for most of the ships. This means that the industry is now making billions of euros by running its ships on cheap heavy fuel oil instead of cleaner fuel.


						
"We see a clear conflict of interest, where private economic interests come at the expense of the marine environment in one of the world's most sensitive seas," says Chalmers doctoral student Anna Lunde Hermansson, who is one of the authors of the new study, published in Nature Sustainability.

The study has been prompted by the ongoing discussion on a potential ban of scrubber water discharge -- where large volumes of polluted water is produced and discharged from the ships' exhaust gas cleaning systems. The issue is on the agenda at multiple levels within the International Maritime Organization (IMO) and is also being discussed at EU level as well as on national levels such as the Swedish Parliament, although a Swedish decision on a ban is yet to be made.

Anna Lunde Hermansson and Chalmers colleagues Erik Ytreberg and Ida-Maja Hassellov have been researching the environmental impact of shipping for many years and are contributing with their expertise in both international and national contexts. In a previous study, for example, they have shown that more than 200 million cubic metres of environmentally hazardous scrubber water is discharged into the Baltic Sea annually and that scrubber discharge water accounts for up to 9 percent of the total emissions of certain carcinogenic polycyclic aromatic hydrocarbons (PAHs) into the Baltic Sea.

Excluding oil spill costs

In the new study, the Chalmers researchers calculated both the external costs of scrubber water discharge, and the financial balance sheets of over 3,800 vessels that invested in the scrubber technology. As for the costs associated with the degradation of marine ecosystems, the study shows that between the years 2014 and 2022, scrubber water discharges have polluted at a cost of over EUR 680 million in the Baltic Sea area. The calculations are based on models for willingness to pay to avoid marine environmental degradation, but according to the researchers, the estimates should be regarded as an underestimate. For example, direct costs associated with heavy fuel oil spills from ships using scrubbers are not included. The multi-million euro sum that it costs to clean up oil after ships have grounded and leak oil, for example Marco Polo on the Swedish coast of Blekinge last autumn, are not included in the calculations.

"If the scrubbers had not existed, no ships today would have been allowed to run on this dirty residual fuel. That is why the scrubber issue is highly relevant to push the shipping industry towards less negative environmental impact," says Lunde Hermansson.




Restrictions in several countries

In terms of the shipowner perspective, the researchers calculated the costs of installing and maintaining the scrubber systems, as well as the monetary gain from running the scrubber-equipped vessels on the cheaper and dirtier heavy fuel oil instead of the more expensive low-sulphur fuel alternatives. According to the calculations, the majority of the shipping companies that invested in scrubbers have already reached break even, and the total surplus by the end of 2022 for all of the 3,800 vessels, was EUR 4.7 billion. The researchers also note that more than 95 percent of the most common scrubber system (so-called open loop) are repaid within five years.

"From the industry's point of view, it is often stressed that shipping companies have acted in good faith by investing in technology that would solve the problem of sulphur content in air emissions and that they should not be penalised. Our calculations show that most investments have already been recouped and that this is no longer a valid argument," says Lunde Hermansson.

Recently, Denmark has decided to ban the discharge of scrubber water into so-called territorial waters, within 12 nautical miles of the coast. A number of countries around the world, such as Germany, France, Portugal, Turkey and China, have also adopted national bans or restrictions.

In Sweden, there is currently no general ban, although some ports, such as the Port of Gothenburg, have banned the discharge of scrubber water in their area.

"We now hope that the issue will also be given priority in the Swedish Parliament. This is a low-hanging fruit where we can reduce our negative impact on the vital marine environment," says Lunde Hermansson.




More about scrubbers:

A scrubber can be described as a cleaning system for the exhaust gases formed during the combustion of heavy fuel oil, which has been the most common marine fuel since the 1970s. Seawater is pumped up and sprayed over the exhaust gases, which means that the emissions of sulphur compounds do not reach the air. The vessels thus comply with the requirements introduced by the International Maritime Organization, IMO, in 2020. The problem is that the water absorbs both the sulphur from the exhaust gases, which leads to severe acidification, and pollutants such as heavy metals and toxic organic compounds. The polluted scrubber water is then often pumped directly into the sea.

Since the mid-2010s, the number of vessels equipped with scrubbers has increased. In a study conducted in 2018, there were 178 ships with scrubbers in the Baltic Sea -- today, researchers expect at least four times that. Globally, there are about 5,000 vessels, which corresponds to around five per cent of the total global fleet. Since it is mainly ships with high fuel consumption that invest in scrubbers, this five percent accounts for 25 percent of the global demand for heavy fuel oil.

A number of countries in the world have restricted or banned the discharge of scrubber water. Read more about this in a report from the International Council on Clean Transportation: Global update on scrubber bans and restrictions -- International Council on Clean Transportation (theicct.org)
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Bio-inspired materials' potential for efficient mass transfer boosted by a new twist on a century-old theory | ScienceDaily
The natural vein structure found within leaves -- which has inspired the structural design of porous materials that can maximise mass transfer -- could unlock improvements in energy storage, catalysis, and sensing thanks to a new twist on a century-old biophysical law.


						
An international team of researchers, led by the NanoEngineering Group at the Cambridge Graphene Centre, has developed a new materials theory based on 'Murray's Law', applicable to a wide range of next-generation functional materials, with applications in everything from rechargeable batteries to high-performance gas sensors. The findings are reported in the journal Nature Communications.

Murray's Law, put forward by Cecil D. Murray in 1926, describes how natural vascular structures, such as animal blood vessels and veins in plant leaves, efficiently transport fluids with minimum energy expenditure.

"But whereas this traditional theory works for cylindrical pore structures, it often struggles for synthetic networks with diverse shapes -- a bit like trying to fit a square peg into a round hole," says first author Cambridge PhD student Binghan Zhou.

Dubbed 'Universal Murray's Law', the researchers' new theory bridges the gap between biological vessels and artificial materials and is expected to benefit energy and environmental applications.

"The original Murray's Law was formulated by minimising the energy consumption to maintain the laminar flow in blood vessels, but it was unsuited for synthetic materials," says Binghan Zhou.

"To broaden its applicability to synthetic materials, we expanded this Law by considering the flow resistance in hierarchical channels. Our proposed Universal Murray's Law works for the pores of any shape and suits all common transfer types, including laminar flow, diffusion, and ionic migration."

Ranging from daily usage to industrial production, many applications involve ion or mass transfer processes through highly porous materials -- applications that could benefit from Universal Murray's Law, say the researchers.




For instance, when charging or discharging batteries, ions physically move between the electrodes through a porous barrier. Gas sensors rely on the diffusion of gas molecules through porous materials. Chemical industries often use catalytic reactions, involving laminar flow of reactants through catalysts.

"Employing this new biophysical law could greatly reduce the flow resistance in the above processes, boosting overall efficiency," adds Binghan Zhou.

The researchers proved their theory using graphene aerogel, a material known for its extraordinary porosity. They carefully varied the pore sizes and shapes by controlling the growth of ice crystals within the material. Their experiments showed that the microscopic channels following the newly proposed Universal Murray's Law offer minimum resistance against fluid flow, while deviations from this Law increase the flow resistance.

"We designed a scaled-down hierarchical model for numerical simulation and found that simple shape changes following the proposed Law indeed reduce the flow resistance," says co-author Dongfang Liang, Professor of Hydrodynamics at the Department of Engineering.

The team also demonstrated the practical value of Universal Murray's Law by optimising a porous gas sensor. The sensor, designed in accordance with the Law, shows a significantly faster response compared to sensors following a porous hierarchy, traditionally considered to be highly efficient.

"The only difference between the two structures is a slight variation in shape, showing the power and ease of application of our proposed Law," says Binghan Zhou.

"We have incorporated this special natural Law into synthetic materials," adds Tawfique Hasan, Professor of Nanoengineering at the Cambridge Graphene Centre, who led the research. "This could be an important step towards theory-guided structural design of functional porous materials. We hope our work will be important for new generation porous materials and contribute to applications for a sustainable future."

The research was funded by the Engineering and Physical Sciences Research Council (EPSRC). Professor Hasan is a Fellow of Churchill College, Cambridge.
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Small pump for kids awaiting heart transplant shows promise | ScienceDaily
A small, implantable cardiac pump that could help children await heart transplants at home, not in the hospital, has performed well in the first stage of human testing.


						
The pump, a new type of ventricular assist device, or VAD, is surgically attached to the heart to augment its blood-pumping action in individuals with heart failure, allowing time to find a donor heart. The new pump could close an important gap in heart transplant care for children.

In a feasibility trial of seven children who received the new pump to support their failing hearts, six ultimately underwent heart transplants and one child's heart recovered, rendering a transplant unnecessary. The results will be published May 7 in the Journal of Heart and Lung Transplantation. The study was led by the Stanford School of Medicine and included several medical centers in the United States.

If the early results are confirmed in a larger trial of the device, waiting for a heart transplant could become easier for small children and their families. The new pump, called the Jarvik 2015 ventricular assist device, is slightly larger than an AA battery and can be implanted in children weighing as little as 18 pounds. With the pump implanted, kids can take part in many normal activities while they wait for a heart transplant.

By contrast, the only ventricular assist device available to support small children whose hearts are failing, a pump called the Berlin Heart, is not implantable; it is as big as a large suitcase. It weighs between 60 and 200 pounds depending on the model, and is attached to the child with two cannulas almost as large as garden hoses.

The Berlin Heart also carries a fairly high stroke risk and requires hospitalization in most instances, meaning kids often endure months-long hospital stays while they wait for a donor heart. As a result, the burden on children awaiting heart transplant is much higher than it is for adults implanted with heart pumps, who are routinely discharged from the hospital with similar diagnoses.

"While we are extremely grateful to have the Berlin Heart, a life-saving device, ventricular assist devices for adults have been improving every decade, but in pediatrics we're using technology from the 1960s," said the study's lead author, pediatric cardiologist Christopher Almond, MD, professor of pediatrics at Stanford Medicine.




Implantable ventricular assist devices have been available to adults for more than 40 years, Almond noted. Not only do these devices fit inside patients' chests but they tend to be safer and easier to use than external devices like the Berlin Heart. Patients can live at home, go to work or school, take walks and ride bicycles.

The lag in pediatric technology is a problem for other devices designed to help children with heart conditions, and in pediatrics in general, Almond noted. "There's a huge difference in the medical technology available to kids and adults, which is an important public health problem that that markets have struggled to fix because conditions like heart failure are rare in children," he said.

The study's senior author is William Mahle, MD, chief of cardiology at Children's Healthcare of Atlanta.

Far fewer children than adults need heart transplants, leaving little incentive for medical device companies to develop a miniaturized pump for children. But the lack of a small ventricular assist device for children strains the medical system, as children attached to the Berlin Heart accrue large medical bills and can occupy hospital beds in specialized cardiovascular care units for several months, potentially reducing the availability of these beds for other patients.

Promising early findings

The feasibility trial of the Jarvik 2015 ventricular assist device included seven children with systolic heart failure. The condition affects the heart's largest pumping chamber, the left ventricle, which pumps blood from the heart throughout the body. Six children had systolic heart failure caused by a disease called dilated cardiomyopathy, in which the heart muscle becomes enlarged and weakened and does not pump correctly. One child's heart was failing because of complete heart block (electrical failure of the heart) stemming from lupus, an autoimmune disease. All children in the trial were on a heart transplant list.




Each child had a Jarvik 2015 device surgically implanted at the left ventricle, the heart's largest pumping chamber. At the same time, each was started on medication to prevent blood clots and lower the risk of stroke. When they received their pumps, the children were 8 months to 7 years old and weighed 18 to 46 pounds. The pump can be used for children who weigh up to 66 pounds.

If the new pump is approved by medical regulators, physicians estimate that about 200 to 400 children worldwide would be candidates for its use each year.

The trial assessed whether the pump could support patients for at least 30 days without ceasing to function or causing severe stroke. The researchers also collected preliminary safety and performance data to help them design a larger pivotal trial for possible Food and Drug Administration approval.

Although the pump is ideally intended to allow children to await heart transplants at home, because they were part of a clinical trial, the participants stayed in the hospital for monitoring until they received a heart transplant or recovered. The researchers tracked participants' blood pressure, a marker for blood clot and stroke risk; measured hemoglobin levels to check whether the pumps were breaking red blood cells; and monitored patients for other complications.

The median time the children used the pump was 149 days. Six children received heart transplants, and one child's heart recovered.

A few children experienced complications on the new pump. The child whose heart recovered had an ischemic stroke (from a blood clot) when the heart became strong enough to compete with the pump. The pump was removed, and the child continued to recover and was alive a year later. Another patient experienced failure of the right side of the heart and was transferred to a Berlin Heart pump to await transplant.

For most patients, complications were manageable and generally comparable to what physicians expect when a child is attached to a Berlin Heart.

Questionnaires about quality of life showed that most children were not bothered by the device, did not feel pain from it and could participate in most play activities. One family reported that their toddler was able to maintain much more mobility with the pump than his older sibling who had previously been supported with the Berlin Heart.

Larger trial planned

The National Institutes of Health has awarded funding for an expanded trial that will enable researchers to further test the utility of the new pump and generate data to submit to the FDA for approval. The next phase of research is launching now; investigators aim to enroll the first patient by the end of 2024. The research team plans to enroll 22 participants at 14 medical centers in the United States and two sites in Europe.

"We're excited to launch the next phase of the research," Almond said. "We've overcome a number of challenges to get the work this far, and it's very exciting that there may be better options on the horizon for children with end-stage heart failure who require a pump that can act as a bridge to transplant."

Researchers contributed to the study from the University of Texas Southwestern; Texas Children's Hospital, Houston; Columbia University; Children's Healthcare of Atlanta; Nemours Children's Hospital, Florida; Vanderbilt University Medical Center; the National Heart, Lung and Blood Institute; Carelon Research; Stollery Children's Hospital; the Hospital for Sick Children, Toronto; Boston Children's Hospital; Cincinnati Children's Hospital; and the University of Oklahoma, Tulsa.

The study was funded by a contract from the National Institutes of Health/National Heart, Lung, and Blood Institution (grant number HHS N268201200001I).
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Researchers 'unzip' 2D materials with lasers | ScienceDaily

While exploring potential applications of their nanopatterned structures with colleagues in the Physics Department, the team found that their laser-cut hBN samples could effectively create and capture quasiparticles called phonon-polaritons, which occur when atomic vibrations in a material combine with photons of light.

"Nanopatterning is a major component of material development," explained engineering PhD student Cecilia Chen, who led the development of the technique. "If you want to turn a cool material with interesting properties into something that can perform specific functions, you need a way to modify and control it."

The new nanopatterning technique, developed in the lab of Professor Alexander Gaeta, is a simple way to modify materials with light -- and it doesn't involve an expensive and resource-intensive clean room.

A Nanoscale Paradox

Several well-established techniques exist to modify materials and create desired nanopatterns, but they tend to require extensive training and expensive overhead. Electron beam lithography machines, for example, must be housed in carefully controlled clean rooms, while existing laser options involve high heat and plasmas that can easily damage samples; the size of the laser itself also limits the size of the patterns that can be created.

The Gaeta lab's technique takes advantage of what's known in the optics and photonics community as "optical driving." All materials vibrate at a particular resonance. Chen and her colleagues can enhance those vibrations by tuning their lasers to that frequency -- corresponding to a wavelength of 7.3 micrometers, in the case of hBN -- which they first demonstrated in research published last November in Nature Communications. In the newly published work, they pushed hBN to even more intense vibrations, but rather than damaging the underlying atomic structure, the lasers broke the crystal lattice cleanly apart. According to Chen, the effect was visible under the microscope and looked like unzipping a zipper.




The resulting lines across the sample were atomically sharp and much smaller -- just a few nanometers -- than the mid-infrared laser wavelengths used to create them. "Usually, you need a shorter wavelength to make a smaller pattern," said Chen. "Here, we can create very sharp nanostructures using very long wavelengths. It's a paradoxical phenomenon."

Small Structures, Big Physics

To explore what they could do with their nanopatterned samples, the engineering team teamed up with physicist Dmitri Basov's lab, which specializes in creating and controlling nano-optical effects in different 2D materials -- including creating phonon-polaritons in hBN. These vibrating quasiparticles can help scientists "see" beyond the diffraction limit of conventional microscopes and detect features in the material that give rise to quantum phenomena. They could also be a key component to miniaturizing optical devices, as electronics have become smaller over the years.

"Modern society is based on miniaturization, but it's been much harder to shrink devices that rely on light than electrons," explained physics PhD student and co-author Samuel Moore. "By harnessing strong hBN atomic vibrations, we can shrink infrared light wavelengths by orders of magnitude."

Ultrasharp edges are needed to excite phonon-polaritons -- normally, they are launched from the sides of flakes of hBN prepared via what's known as the "Scotch tape" method, in which a bulk crystal is mechanically peeled into thinner layers using household tape. However, the team found that the laser-cut lines offer even more favorable conditions for creating the quasiparticles. "It's impressive how the laser-cut hBN regions launch phonon polaritons even more efficiently than the edge, suggesting an ultra-narrow unzipped hBN region that strongly interacts with infrared light," said Moore.

As the new technique can create nanostructures anywhere on a sample, they also unzipped two lines in parallel. This creates a small cavity that can confine the phonon-polaritons in place, which enhances their nano-optical sensitivity. The team found that their unzipped cavities had comparable performance in capturing the quasiparticles to conventional cavities created in clean rooms.




"Our results suggest that our preliminary structures can compete with those created from more established methods," noted Chen.

Escaping the Clean Room

The technique can create many customizable nanopatterns. Beyond two-line cavities, it can create any number of parallel lines. If such arrays can be produced on-demand with any desired spacings, it could greatly improve phonon-polaritons' imaging ability and would be a huge achievement, said Moore.

A break can be extended as long as desired once started, and samples as thick as 80 nanometers and as thin as 24 nanometers have been unzipped -- theoretically, the bound could be much lower. This gives researchers plenty of options to modify hBN and explore how its nanopatterning can influence its resulting properties, without having to gear up in a clean room bunny suit. "It really just depends on your ultimate goal," said Chen.

That said, she still sees plenty of room to improve. Because hBN is a series of repeating hexagons, the technique only produces straight or angled lines meeting at either 60deg or 120deg at the moment, though Chen thinks combining them into triangles should be possible. Currently, the breaks can only occur in-plane as well; if they can determine how to target out-of-plane vibrations, they could potentially shave a bulk crystal down into different three-dimensional shapes. They are also limited by the power of their lasers, which they spent years carefully tuning to work stably at the desired wavelengths. While their mid-IR setup is well-suited to modifying hBN, different lasers would be needed to modify materials with different resonances.

Regardless, Chen is excited about the team's concept and what it might be able to do in the future. As a member of the ultrafast-laser subgroup in the Gaeta Lab, Chen helped with their transition from creating and studying high-powered lasers to using those as tools to probe the optical properties of 2D materials.

That problem shared similarities to other problems Chen tackles in her time outside the lab as a boulderer, a form of rock climbing in which climbers scrabble up low, rugged rock faces without harness equipment to catch them if they fall. "In bouldering, the potential climbing routes are called problems, and there's no right answer to solving them," she said. The best solutions cannot be brute forced, she continued: "You have to come up with a plan or you won't be successful, whether figuring out how to exploit macroscopic features in a boulder or microscopic ones in a tiny crystal."
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Engineers develop innovative microbiome analysis software tools | ScienceDaily
Since the first microbial genome was sequenced in 1995, scientists have reconstructed the genomic makeup of hundreds of thousands of microorganisms and have even devised methods to take a census of bacterial communities on the skin, in the gut, or in soil, water and elsewhere based on bulk samples, leading to the emergence of a relatively new field of study known as metagenomics.


						
Parsing through metagenomic data can be a daunting task, much like trying to assemble several massive jigsaw puzzles with all of the pieces jumbled together. Taking on this unique computational challenge, Rice University graph-artificial intelligence (AI) expert Santiago Segarra and computational biologist Todd Treangen paired up to explore how AI-powered data analysis could help craft new tools to supercharge metagenomics research.

The scientist duo zeroed in on two types of data that make metagenomic analysis particularly challenging -- repeats and structural variants -- and developed tools for handling these data types that outperform current methods.

Repeats are identical DNA sequences occurring repeatedly both throughout the genome of single organisms and across multiple genomes in a community of organisms.

"The DNA in a metagenomic sample from multiple organisms can be represented as a graph," said Segarra, assistant professor of electrical and computer engineering. "Essentially, one of the tools we developed leverages the structure of this graph in order to determine which pieces of DNA appear repeatedly either across microbes or within the same microorganism."

Dubbed GraSSRep, the method combines self-supervised learning, a machine learning process where an AI model trains itself to distinguish between hidden and available input, and graph neural networks, systems that process data representing objects and their interconnections as graphs. The peer-reviewed paper was presented at the 28th session of a leading annual international conference on research in computational molecular biology, RECOMB 2024. The project was led by Rice graduate student and research assistant Ali Azizpour. Advait Balaji, a Rice doctoral alumnus, is also an author on the study.

Repeats are of interest because they play a significant role in biological processes such as bacterial response to changes in their environment or microbiomes' interaction with host organisms. A specific example of a phenomenon where repeats can play a role is antibiotic resistance. Generally speaking, tracking repeats' history or dynamics in a bacterial genome can shed light on microorganisms' strategies for adaptation or evolution. What's more, repeats can sometimes actually be viruses in disguise, or bacteriophages. From the Greek word for "devour," phages are sometimes used to kill bacteria.




"These phages actually show up looking like repeats, so you can track bacteria-phage dynamics based off the repeats contained in the genomes," said Treangen, associate professor of computer science. "This could provide clues on how to get rid of hard-to-kill bacteria, or paint a clearer picture of how these viruses are interacting with a bacterial community."

Previously when a graph-based approach was used to carry out repeat detection, researchers used predefined specifications for what to look for in the graph data. What sets GraSSRep apart from these prior approaches is the lack of any such predefined parameters or references informing how the data is processed.

"Our method learns how to better use the graph structure in order to detect repeats as opposed to relying on initial input," Segarra said. "Self-supervised learning allows this tool to train itself in the absence of any ground truth establishing what is a repeat and what is not a repeat. When you're handling a metagenomic sample, you don't need to know anything about what's in there to analyze it."

The same is true in the case of another metagenomic analysis method co-developed by Segarra and Treangen -- reference-free structural variant detection in microbiomes via long-read coassembly graphs, or rhea. Their peer-reviewed paper on rhea will be presented at the International Society for Computational Biology's annual conference, which will take place July 12-16 in Montreal. The lead author on the paper is Rice computer science doctoral alumna Kristen Curry, who will be joining the lab of Rayan Chikhi -- also a co-author on the paper -- at the Institut Pasteur in Paris as a postdoctoral scientist.

While GraSSRep is designed to deal with repeats, rhea handles structural variants, which are genomic alterations of 10 base pairs or more that are relevant to medicine and molecular biology due to their role in various diseases, gene expression regulation, evolutionary dynamics and promoting genetic diversity within populations and among species.

"Identifying structural variants in isolated genomes is relatively straightforward, but it's harder to do so in metagenomes where there's no clear reference genome to help categorize the data," Treangen said.




Currently one of the widely used methods for processing metagenomic data is through metagenome-assembled genomes or MAGs.

"These de novo or reference-guided assemblers are pretty well-established tools that entail a whole operational pipeline with repeat detection or structural variants' identification being just some of their functionalities," Segarra said. "One thing that we're looking into is replacing existing algorithms with ours and seeing how that can improve the performance of these very widely used metagenomic assemblers."

Rhea does not need reference genomes or MAGs to detect structural variants, and it outperformed methods relying on such prespecified parameters when tested against two mock metagenomes.

"This was particularly noticeable because we got a much more granular read of the data than we did using reference genomes," Segarra said. "The other thing that we're currently looking into is applying the tool to real-world datasets and seeing how the results relate back to biological processes and what insights this might give us."

Treangen said GraSSRep and rhea combined -- building on previous contributions in the area -- have the potential "to unlock the underlying rules of life governing microbial evolution."

The projects are the result of a yearslong collaboration between the Segarra and Treangen labs.
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Researchers use foundation models to discover new cancer imaging biomarkers | ScienceDaily
Researchers at Mass General Brigham have harnessed the technology behind foundation models, which power tools like ChatGPT, to discover new cancer imaging biomarkers that could transform how patterns are identified from radiological images. Improved identification of such patterns can greatly impact the early detection and treatment of cancer.


						
The research team developed their foundation model using a comprehensive dataset consisting of 11,467 images of abnormal radiologic scans. Using these images, the model was able to identify patterns that predict anatomical site, malignancy, and prognosis across three different use cases in four cohorts. Compared to existing methods in the field, their approach remained powerful when applied to specialized tasks where only limited data are available. Results are published in Nature Machine Intelligence.

"Given that image biomarker studies are tailored to answer increasingly specific research questions, we believe that our work will enable more accurate and efficient investigations," said first author Suraj Pai from the Artificial Intelligence in Medicine (AIM) Program at Mass General Brigham.

Despite the improved efficacy of AI methods, a key question remains their reliability and explainability (the concept that an AI's answers can be explained in a way that "makes sense" to humans). The researchers demonstrated that their methods remained stable across inter-reader variations and differences in acquisition. Patterns identified by the foundation model also demonstrated strong associations with underlying biology, mainly correlating with immune-related pathways.

"Our findings demonstrate the efficacy of foundation models in medicine when only limited data might be available for training deep learning networks, especially when applied to identifying reliable imaging biomarkers for cancer-associated use cases," said senior author Hugo Aerts, PhD, director of the AIM Program.
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Why getting in touch with our 'gerbil brain' could help machines listen better | ScienceDaily
Macquarie University researchers have debunked a 75-year-old theory about how humans determine where sounds are coming from, and it could unlock the secret to creating a next generation of more adaptable and efficient hearing devices ranging from hearing aids to smartphones.


						
In the 1940s, an engineering model was developed to explain how humans can locate a sound source based on differences of just a few tens of millionths of a second in when the sound reaches each ear.

This model worked on the theory that we must have a set of specialised detectors whose only function was to determine where a sound was coming from, with location in space represented by a dedicated neuron.

Its assumptions have been guiding and influencing research -- and the design of audio technologies -- ever since.

But a new research paper published in Current Biology by Macquarie University Hearing researchers has finally revealed that the idea of a neural network dedicated to spatial hearing does not hold.

Lead author, Macquarie University Distinguished Professor of Hearing, David McAlpine, has spent the past 25 years proving that one animal after another was actually using a much sparser neural network, with neurons on both sides of the brain performing this function in addition to others.

Showing this in action in humans was more difficult.




Now through the combination of a specialised hearing test, advanced brain imaging, and comparisons with the brains of other mammals including rhesus monkeys, he and his team have shown for the first time that humans also use these simpler networks.

"We like to think that our brains must be far more advanced than other animals in every way, but that is just hubris," Professor McAlpine says.

"We've been able to show that gerbils are like guinea pigs, guinea pigs are like rhesus monkeys, and rhesus monkeys are like humans in this regard.

"A sparse, energy efficient form of neural circuitry performs this function -- our gerbil brain, if you like."

The research team also proved that the same neural network separates speech from background sounds -- a finding that is significant for the design of both hearing devices and the electronic assistants in our phones.

All types of machine hearing struggles with the challenge of hearing in noise, known as the 'cocktail party problem'. It makes it difficult for people with hearing devices to pick out one voice in a crowded space, and for our smart devices to understand when we talk to them.




Professor McAlpine says his team's latest findings suggest that rather than focusing on the large language models (LLMs) that are currently used, we should be taking a far simpler approach.

"LLMs are brilliant at predicting the next word in a sentence, but they're trying to do too much," he says.

"Being able to locate the source of a sound is the important thing here, and to do that, we don't need a 'deep mind' language brain. Other animals can do it, and they don't have language.

"When we are listening, our brains don't keep tracking sound the whole time, which the large language processors are trying to do.

"Instead, we, and other animals, use our 'shallow brain' to pick out very small snippets of sound, including speech, and use these snippets to tag the location and maybe even the identity of the source.

"We don't have to reconstruct a high-fidelity signal to do this, but instead understand how our brain represents that signal neurally, well before it reaches a language centre in the cortex.

"This shows us that a machine doesn't have to be trained for language like a human brain to be able to listen effectively.

"We only need that gerbil brain."

The next step for the team is to identify the minimum amount of information that can be conveyed in a sound but still get the maximum amount of spatial listening.
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Cybersecurity education varies widely in US | ScienceDaily
Cybersecurity programs vary dramatically across the country, a review has found. The authors argue that program leaders should work with professional societies to make sure graduates are well trained to meet industry needs in a fast-changing field.


						
In the review, published in the Proceedings of the Association for Computing Machinery's Technical Symposium on Computer Science Education, a Washington State University-led research team found a shortage of research in evaluating the instructional approaches being used to teach cybersecurity. The authors also contend that programs could benefit from increasing their use of educational and instructional tools and theories.

"There is a huge variation from school to school on how much cybersecurity content is required for students to take," said co-author Assefaw Gebremedhin, associate professor in the WSU School of Electrical Engineering and Computer Science and leader of the U.S. Department of Defense-funded VICEROY Northwest Institute for Cybersecurity Education and Research (CySER). "We found that programs could benefit from using ideas from other fields, such as educational psychology, in which there would be a little more rigorous evaluation."

Cybersecurity is an increasingly important field of study because compromised data or network infrastructure can directly impact people's privacy, livelihoods and safety. The researchers also noted that adversaries change their tactics frequently, and cybersecurity professionals must be able to respond effectively.

As part of the study, the researchers analyzed programs at 100 institutions throughout the U.S. that are designated as a National Security Administration's National Center of Academic Excellence in Cybersecurity. To have the designation, the programs have to meet the NSA requirements for educational content and quality.

The researchers assessed factors such as the number and type of programs offered, the number of credits focused on cybersecurity courses, listed learning outcomes and lists of professional jobs available for graduates.

They found that while the NSA designation provides requirements for the amount of cybersecurity content included in curricula, the center of excellence institutions vary widely in the types of programs they offer and how many cybersecurity-specific courses they provide. Half of the programs offered bachelor's degrees, while other programs offered certificates, associate degrees, minors or concentration tracks.




The most common type of program offered was a certificate, and most of the programs were housed within engineering, computer science, or technology schools or departments. The researchers found that industry professionals had different expectations of skill levels from what graduates of the program have.

The researchers hope the work will serve as a benchmark to compare programs across the U.S. and as a roadmap toward better meeting industry needs.

With funding from the state of Washington, WSU began offering a cybersecurity degree last year. The oldest cybersecurity programs are only about 25 years old, said Gebremedhin, but programs have traditionally been training students to become information technology professionals or system administrators.

"In terms of maturity, in being a discipline as a separate degree program, cybersecurity is relatively new, even for computer science," said Gebremedhin.

The field is also constantly changing.

"In cyber operations, you want to be on offense," he said. "If you are to defend, then you need to stay ahead of your attacker, and if they keep changing, you have to be changing at a faster rate."
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Caterbot? Robatapillar? It crawls with ease through loops and bends | ScienceDaily
Engineers at Princeton and North Carolina State University have combined ancient paperfolding and modern materials science to create a soft robot that bends and twists through mazes with ease.


						
Soft robots can be challenging to guide because steering equipment often increases the robot's rigidity and cuts its flexibility. The new design overcomes those problems by building the steering system directly into the robot's body, said Tuo Zhao, a postdoctoral researcher at Princeton.

In an article published May 6 in the journal PNAS, the researchers describe how they created the robot out of modular, cylindrical segments. The segments, which can operate independently or join to form a longer unit, all contribute to the robot's ability to move and steer. The new system allows the flexible robot to crawl forward and reverse, pick up cargo and assemble into longer formations.

"The concept of modular soft robots can provide insight into future soft robots that can grow, repair, and develop new functions," the authors write in their article.

Zhao said the robot's ability to assemble and split up on the move allows the system to work as a single robot or a swarm.

"Each segment can be an individual unit, and they can communicate with each other and assemble on command," he said. "They can separate easily, and we use magnets to connect them."

Zhao works in Glaucio Paulino's lab in the Department of Civil and Environmental Engineering and the Princeton Materials Institute. Paulino, the Margareta Engman Augustine Professor of Engineering, has created a body of research that applies origami to a wide array of engineering applications from medical devices to aerospace and construction.




"We have created a bio-inspired plug-and-play soft modular origami robot enabled by electrothermal actuation with highly bendable and adaptable heaters," Paulino said. "This is a very promising technology with potential translation to robots that can grow, heal, and adapt on demand."

In this case, the researchers began by building their robot out of cylindrical segments featuring an origami form called a Kresling pattern. The pattern allows each segment to twist into a flattened disk and expand back into a cylinder. This twisting, expanding motion is the basis for the robot's ability to crawl and change direction. By partially folding a section of the cylinder, the researchers can introduce a lateral bend in a robot segment. By combining small bends, the robot changes direction as it moves forward.

One of the most challenging aspects of the work involved developing a mechanism to control the bending and folding motions used to drive and steer the robot. Researchers at North Carolina State University developed the solution. They used two materials that shrink or expand differently when heated (liquid crystal elastomer and polyimide) and combined them into thin strips along the creases of the Kresling pattern. The researchers also installed a thin stretchable heater made of silver nanowire network along each fold. Electrical current on the nanowire heater heats the control strips, and the two materials' different expansion introduces a fold in the strip. By calibrating the current, and the material used in the control strips, the researchers can precisely control the folding and bending to drive the robot's movement and steering.

"Silver nanowire is an excellent material to fabricate stretchable conductors. Stretchable conductors are building blocks for a variety of stretchable electronic devices including stretchable heaters. Here we used the stretchable heater as the actuation mechanism for the bending and folding motions" said Yong Zhu, the Andrew A. Adams Distinguished Professor in the Department of Mechanical and Aerospace Engineering at N.C. State and one of the lead researchers.

Shuang Wu, a postdoctoral researcher in Zhu's lab, said the lab's previous work used the stretchable heater for continuously bending a bilayer structure. "In this work we achieved localized, sharp folding to actuate the origami pattern. This effective actuation method can be generally applied to origami structures (with creases) for soft robotics," Wu said.

The researchers said that the current version of the robot has limited speed, and they are working to increase the locomotion in later generations.

Zhao said the researchers also plan to experiment with different shapes, patterns, and instability to improve both the speed and the steering. Support for the research was provided in part by the National Science Foundation and the National Institutes of Health.
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Venus has almost no water: A new study may reveal why | ScienceDaily
Planetary scientists at the University of Colorado Boulder have discovered how Venus, Earth's scalding and uninhabitable neighbor, became so dry.


						
The new study fills in a big gap in what the researchers call "the water story on Venus." Using computer simulations, the team found that hydrogen atoms in the planet's atmosphere go whizzing into space through a process known as "dissociative recombination" -- causing Venus to lose roughly twice as much water every day compared to previous estimates.

The team will publish their findings May 6 in the journal Nature.

The results could help to explain what happens to water in a host of planets across the galaxy.

"Water is really important for life," said Eryn Cangi, a research scientist at the Laboratory for Atmospheric and Space Physics (LASP) and co-lead author of the new paper. "We need to understand the conditions that support liquid water in the universe, and that may have produced the very dry state of Venus today."

Venus, she added, is positively parched. If you took all the water on Earth and spread it over the planet like jam on toast, you'd get a liquid layer roughly 3 kilometers (1.9 miles) deep. If you did the same thing on Venus, where all the water is trapped in the air, you'd wind up with only 3 centimeters (1.2 inches), barely enough to get your toes wet.

"Venus has 100,000 times less water than the Earth, even though it's basically the same size and mass," said Michael Chaffin, co-lead author of the study and a research scientist at LASP.




In the current study, the researchers used computer models to understand Venus as a gigantic chemistry laboratory, zooming in on the diverse reactions that occur in the planet's swirling atmosphere. The group reports that a molecule called HCO+ (an ion made up of one atom each of hydrogen, carbon and oxygen) high in Venus' atmosphere may be the culprit behind the planet's escaping water.

For Cangi, co-lead author of the research, the findings reveal new hints about why Venus, which probably once looked almost identical to Earth, is all but unrecognizable today.

"We're trying to figure out what little changes occurred on each planet to drive them into these vastly different states," said Cangi, who earned her doctorate in astrophysical and planetary sciences at CU Boulder in 2023.

Spilling the water

Venus, she noted, wasn't always such a desert.

Scientists suspect that billions of year ago during the formation of Venus, the planet received about as much water as Earth. At some point, catastrophe struck. Clouds of carbon dioxide in Venus' atmosphere kicked off the most powerful greenhouse effect in the solar system, eventually raising temperatures at the surface to a roasting 900 degrees Fahrenheit. In the process, all of Venus' water evaporated into steam, and most drifted away into space.




But that ancient evaporation can't explain why Venus is as dry as it is today, or how it continues to lose water to space.

"As an analogy, say I dumped out the water in my water bottle. There would still be a few droplets left," Chaffin said.

On Venus, however, almost all of those remaining drops also disappeared. The culprit, according to the new work, is elusive HCO+.

Missions to Venus

Chaffin and Cangi explained that in planetary upper atmospheres, water mixes with carbon dioxide to form this molecule. In previous research, the researchers reported that HCO+ may be responsible for Mars losing a big chunk of its water.

Here's how it works on Venus: HCO+ is produced constantly in the atmosphere, but individual ions don't survive for long. Electrons in the atmosphere find these ions, and recombine to split the ions in two. In the process, hydrogen atoms zip away and may even escape into space entirely -- robbing Venus of one of the two components of water.

In the new study, the group calculated that the only way to explain Venus' dry state was if the planet hosted larger than expected volumes of HCO+ in its atmosphere. There is one twist to the team's findings. Scientists have never observed HCO+ around Venus. Chaffin and Cangi suggest that's because they've never had the instruments to properly look.

While dozens of missions have visited Mars in recent decades, far fewer spacecraft have traveled to the second planet from the sun. None have carried instruments capable of detecting the HCO+ that powers the team's newly discovered escape route.

"One of the surprising conclusions of this work is that HCO+ should actually be among the most abundant ions in the Venus atmosphere," Chaffin said.

In recent years, however, a growing number of scientists have set their sights on Venus. NASA's planned Deep Atmosphere Venus Investigation of Noble gases, Chemistry, and Imaging (DAVINCI) mission, for example, will drop a probe through the planet's atmosphere all the way to the surface. It's scheduled to launch by the end of the decade.

DAVINCI won't be able to detect HCO+, either, but the researchers are hopeful that a future mission might -- revealing another key piece of the story of water on Venus.

"There haven't been many missions to Venus," Cangi said. "But newly planned missions will leverage decades of collective experience and a flourishing interest in Venus to explore the extremes of planetary atmospheres, evolution and habitability."
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The Clues for Cleaner Water | ScienceDaily
Researchers at the University of Pittsburgh and Drexel University in Philadelphia, along with Brookhaven National Laboratory, are working to solve a multipart mystery to make water disinfection treatments more sustainable.


						
Scalable electrochemical ozone production (EOP) technologies to disinfect dirty water may someday replace centralized chlorine treatments used today, whether in modern cities or remote villages. However, little is understood about EOP at the molecular level and how technologies that make it possible can be made to be efficient, economical, and sustainable.

Their research, "Interplay between Catalyst Corrosion and Homogeneous Reactive Oxygen Species in Electrochemical Ozone Production," was published recently in the journal ACS Catalysis. Lead author is Drexel PhD student Rayan Alaufey, with contributing researchers from Drexel, including co-PI Maureen Tang, associate professor of chemical and biological engineering, postdoctoral researcher Andrew Lindsay, PhD student Tana Siboonruang, and Ezra Wood, associate professor of chemistry; co-PI John A. Keith, associate professor of chemical and petroleum engineering, and graduate student Lingyan Zhao from Pitt; and Qin Wu from Brookhaven.

"People have used chlorine to treat drinking water since the 19th century, but today we better understand that chlorine may not always be the best option. EOP for example can generate ozone, a molecule with about the same disinfecting power as chlorine, directly in water. Unlike chlorine which stably persists in water, ozone in water naturally decomposes after about 20 minutes, meaning it is less likely to damage people when consuming from water at a tap, when swimming in a pool, or when cleaning wounds in a hospital," explained Keith, who is also R.K. Mellon Faculty Fellow in Energy at Pitt's Swanson School of Engineering.

"EOP for sustainable disinfection would make a lot of sense in some markets, but doing it requires a good enough catalyst, and because nobody has found a good enough EOP catalyst yet, EOP is too expensive and energy-intensive for broader use. My colleagues and I thought if we could decode at the atomic level what makes a mediocre EOP catalyst work, maybe we could engineer an even better EOP catalyst."

Solving the mystery of how EOP catalysts work is crucial in understanding how to better engineer one of the most promising and least toxic EOP catalysts known to date: nickel- and antimony-doped tin oxide (Ni/Sb-SnO2, or NATO).

Therein, said Keith, lies the conundrum: what is every atom's role in NATO doing to help EOP? Is ozone getting formed catalytically in ways we want it to, or does it form because the catalyst is decomposing, and future work needs to be done to make NATO catalysts more stable?




Surprisingly, the researchers discovered that it is probably a mix of both.

By using experimental electrochemical analyses, mass spectrometry, and computational quantum chemistry modeling, the researchers created an "atomic-scale storyline" to explain how ozone is generated on NATO electrocatalysts. For the first time, they identified that some of the nickel in NATO is probably leaching out of the electrodes via corrosion, and these nickel atoms, now floating in the solution near the catalyst, can promote chemical reactions that eventually generate ozone.

"If we want to make a better electrocatalyst, we need to understand what parts are working and not working. Factors like metal ion leaching, corrosion, and solution phase reactions can give the appearance that a catalyst is working one way when actually it is working another way."

Keith noted that identifying the prevalence of corrosion and chemical reactions occurring away from the catalyst are important steps to clarify before other researchers can pursue improvements to EOP and other electrocatalytic processes. In their conclusion, they note that "Identifying or refuting the existence of such fundamental technological constraints will be critical to any future applications of EOP and other advanced electrochemical oxidation processes."

"We know that electrochemical water treatment works on small scales, but the discovery of better catalysts will boost it to a global scale. The next step is finding new atomic combinations in materials that are more resistant to corrosion but also promote economically and sustainably viable EOP," Keith said.
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Simulated chemistry: New AI platform designs tomorrow's cancer drugs | ScienceDaily
Scientists at UC San Diego have developed a machine learning algorithm to simulate the time-consuming chemistry involved in the earliest phases of drug discovery, which could significantly streamline the process and open doors for never-before-seen treatments. Identifying candidate drugs for further optimization typically involves thousands of individual experiments, but the new artificial intelligence (AI) platform could potentially give the same results in a fraction of the time. The researchers used the new tool, described in Nature Communications, to synthesize 32 new drug candidates for cancer.


						
The technology is part of a new but growing trend in pharmaceutical science of using AI to improve drug discovery and development.

"A few years ago, AI was a dirty word in the pharmaceutical industry, but now the trend is definitely the opposite, with biotech startups finding it difficult to raise funds without addressing AI in their business plan," said senior author Trey Ideker, professor in the Department of Medicine at UC San Diego School of Medicine and adjunct professor of bioengineering and computer science at the UC San Diego Jacobs School of Engineering. "AI-guided drug discovery has become a very active area in industry, but unlike the methods being developed in companies, we're making our technology open source and accessible to anybody who wants to use it."

The new platform, called POLYGON, is unique among AI tools for drug discovery in that it can identify molecules with multiple targets, while existing drug discovery protocols currently prioritize single target therapies. Multi-target drugs are of major interest to doctors and scientists because of their potential to deliver the same benefits as combination therapy, in which several different drugs are used together to treat cancer, but with fewer side effects.

"It takes many years and millions of dollars to find and develop a new drug, especially if we're talking about one with multiple targets." said Ideker. "The rare few multi-target drugs we do have were discovered largely by chance, but this new technology could help take chance out of the equation and kickstart a new generation of precision medicine."

The researchers trained POLYGON on a database of over a million known bioactive molecules containing detailed information about their chemical properties and known interactions with protein targets. By learning from patterns found in the database, POLYGON is able to generate original chemical formulas for new candidate drugs that are likely to have certain properties, such as the ability to inhibit specific proteins.

"Just like AI is now very good at generating original drawings and pictures, such as creating pictures of human faces based off desired properties like age or sex, POLYGON is able to generate original molecular compounds based off of desired chemical properties," said Ideker. "In this case, instead of telling the AI how old we want our face to look, we're telling it how we want our future drug to interact with disease proteins."

To put POLYGON to the test, the researchers used it to generate hundreds of candidate drugs that target various pairs of cancer-related proteins. Of these, the researchers synthesized 32 molecules that had the strongest predicted interactions with the MEK1 and mTOR proteins, a pair of cellular signaling proteins that are a promising target for cancer combination therapy. These two proteins are what scientists call synthetically lethal, which means that inhibiting both together is enough to kill cancer cells even if inhibiting one alone is not.




The researchers found that the drugs they synthesized had significant activity against MEK1 and mTOR, but had few off-target reactions with other proteins. This suggests that one or more of the drugs identified by POLYGON could be able to target both proteins as a cancer treatment, providing a list of choices for fine-tuning by human chemists.

"Once you have the candidate drugs, you still need to do all the other chemistry it takes to refine those options into a single, effective treatment," said Ideker. "We can't and shouldn't try to eliminate human expertise from the drug discovery pipeline, but what we can do is shorten a few steps of the process."

Despite this caution, the researchers are optimistic that the possibilities of AI for drug discovery are only just being explored.

"Seeing how this concept plays out over the next decade, both in academia and in the private sector, is going to be very exciting." said Ideker. "The possibilities are virtually endless."

This study was funded, in part, by the National Institutes of Health (Grants CA274502, GM103504, ES014811, CA243885, CA212456).
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Experiment opens door for millions of qubits on one chip | ScienceDaily
Researchers from the University of Basel and the NCCR SPIN have achieved the first controllable interaction between two hole spin qubits in a conventional silicon transistor. The breakthrough opens up the possibility of integrating millions of these qubits on a single chip using mature manufacturing processes.


						
The race to build a practical quantum computer is well underway. Researchers around the world are working on a huge variety of qubit technologies. So far, there is no consensus on what type of qubit is most suitable for maximizing the potential of quantum information science.

Qubits are the foundation of a quantum computer: they handle the processing, transfer and storage of data. To work correctly, they have to both reliably store and rapidly process information. The basis for rapid information processing is stable and fast interactions between a large number of qubits whose states can be reliably controlled from the outside.

For a quantum computer to be practical, millions of qubits must be accommodated on a single chip. The most advanced quantum computers today have only a few hundred qubits, meaning they can only perform calculations that are already possible (and often more efficient) on conventional computers..

Electrons and holes

To solve the problem of arranging and linking thousands of qubits, researchers at the University of Basel and the NCCR SPIN rely on a type of qubit that uses the spin (intrinsic angular momentum) of an electron or a hole. A hole is essentially a missing electron in a semiconductor. Both holes and electrons possess spin, which can adopt one of two states: up or down, analogous to 0 and 1 in classical bits. Compared to an electron spin, a hole spin has the advantage that it can be entirely electrically controlled without needing additional components like micromagnets on the chip.

As early as 2022, Basel physicists were able to show that the hole spins in an existing electronic device can be trapped and used as qubits. These "FinFETs" (fin field-effect transistors) are built into modern smartphones and are produced in widespread industrial processes. Now, a team led by Dr. Andreas Kuhlmann has succeeded for the first time in achieving a controllable interaction between two qubits within this setup.




Fast and precise controlled spin-flip

A quantum computer needs "quantum gates" to perform calculations. These represent operations that manipulate the qubits and couple them to each other. As the researchers report in the journal Nature Physics, they were able to couple two qubits and bring about a controlled flip of one of their spins, depending on the state of the other's spin -- known as a controlled spin-flip. "Hole spins allow us to create two-qubit gates that are both fast and high-fidelity. This principle now also makes it possible to couple a larger number of qubit pairs," says Kuhlmann.

The coupling of two spin qubits is based on their exchange interaction, which occurs between two indistinguishable particles that interact with each other electrostatically. Surprisingly, the exchange energy of holes is not only electrically controllable, but strongly anisotropic. This is a consequence of spin-orbit coupling, which means that the spin state of a hole is influenced by its motion through space.

To describe this observation in a model, experimental and theoretical physicists at the University of Basel and the NCCR SPIN combined forces. "The anisotropy makes two-qubit gates possible without the usual trade-off between speed and fidelity," Dr. Kuhlmann says in summary.

"Qubits based on hole spins not only leverage the tried-and-tested fabrication of silicon chips, they are also highly scalable and have proven to be fast and robust in experiments." The study underscores that this approach has a strong chance in the race to develop a large-scale quantum computer.
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High-pressure spectroscopy: Why 3,000 bars are needed to take a comprehensive look at a protein | ScienceDaily

"This high pressure allows us to make states visible that actually do exist at 1 bar, but which we can only observe directly at 3,000 bar," explains Frederic Berner, University of Konstanz. Literally "under high pressure," the doctoral researcher investigates the properties of a protein determined by its structure, and how changes in the structure in turn influence its properties. In the research group Physical Chemistry and Nuclear Magnetic Resonance at the University of Konstanz, led by Michael Kovermann, he recently implemented a new method for analyzing the structural properties of proteins at 3,000 bar with as little influence as possible from surrounding effects. The two researchers now present their new methodological approach in the journal Angewandte Chemie International Edition.

Proteins: How structure influences their properties

Proteins are the basic building blocks of life. They consist of amino acid chains whose three-dimensional structure can take on a wide variety of formations. They "fold" in the same way as a long paper ribbon can be folded into different shapes. The functional properties of a protein depend largely on its folding, so that the same protein can have very different effects in the cell, depending on the form in which it is folded. "What is important for proteins is their structure, which in turn is linked to functionalities. If you want to identify biochemical mechanisms, you need information about their structure," says Berner.

Scientists aim to capture the properties of the protein structure in its "pure" form -- as unclouded as possible by influences from its environment. For two reasons, however, that is not so easy: Firstly, there are almost always interactions with the solvent surrounding the protein and with neighbouring sections of its molecular chain. Secondly, proteins are highly dynamic, their folding is always in motion. For example, there are proteins that constantly fold apart and go back like scissors. In the fraction of the second it opens, a chemical reaction takes place. This happens far too quickly for researchers to be able to examine it directly.

Under high pressure

And this is where the pressure of 3,000 bar comes in: The molecule is pressed into a certain state -- its structure is manipulated: The scissors remain open. Using magnetic resonance spectroscopy, the researchers can now study specific structural properties of the protein that are not directly visible under normal pressure.

Previous analysis methods often have accepted the environmental effects and try to factor them out afterwards. Kovermann's and Berner's new high-pressure method, in contrast, can suppress or "correct" the environmental effects from the outset ("intrinsically") and thus allows a view of the protein that is affected as little as possible. It makes particular sense to use and compare the new method in combination with existing methods, as this way the various influencing factors become visible in detail. The high-pressure process invented at the University of Konstanz has brought about very good results even in the early phase of its application. Frederic Berner and Michael Kovermann explain that further experiments and computer simulations will now take place to further test and potentially refine the process.
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VR may pose privacy risks for kids: A new study finds parents aren't as worried as they should be | ScienceDaily
New research finds that, while an increasing number of minors are using virtual reality (VR) apps, not many parents recognize the extent of the security and privacy risks that are specific to VR technologies. The study also found that few parents are taking active steps to address those security and privacy issues, such as using parental controls built into the apps.


						
"In recent years we have seen an increase in the number of minors using VR apps that have social interaction elements, which increases security and privacy risks -- such as unintended self-disclosures of sensitive personal information and surveillance of a user's biometric data," says Abhinaya S B, co-author of a paper on the work and a Ph.D. student at NC State.

"We wanted to see how much parents know about security and privacy risks associated with these VR apps, and what they are currently doing to address those risks," Abhinaya says. "These findings will help us identify areas where parents, technology designers, and policymakers could do more to enhance children's security and privacy."

For the study, researchers conducted in-depth interviews with 20 parents who have children under the age of 18 at home who use VR apps. The interviews were designed to capture what sort of risks parents perceived regarding VR apps, what strategies the parents used to protect their children's security and privacy in regard to VR apps, and which VR stakeholders the parents felt were responsible for protecting children who use the apps.

"We found that parents were primarily worried about physiological development issues," Abhinaya says. "For example, some parents were worried about VR damaging children's eyesight or children injuring themselves while using the apps."

"There were also concerns that children would interact with people online who would be a bad influence on them," says Anupam Das, co-author of the paper and an assistant professor of computer science at NC State. "In terms of privacy, there were concerns that children might reveal too much information about themselves to strangers online."

"We found that parents did not seem too worried about data surveillance or data collection by the VR companies and app developers; they were more worried about risks of self-disclosure in social VR apps," Abhinaya says.




"VR technologies capture a tremendous amount of data on user movement, which can be used to infer information ranging from a user's height to medical conditions," Das says.

"VR technologies also capture a user's voice, and there are some concerns that voice recordings could be misused," Das says. "For example, it's possible that voice recordings might be manipulated with generative AI tools to create fake recordings. Only one parent was concerned about potential misuse of voice recordings."

"To be clear, most parents were aware of the possibility of data surveillance, but the vast majority were not concerned about it," Abhinaya says.

When it came to risk management strategies, the study found parents were having conversations with their children about being safe and not sharing personal information online. Many parents were also sharing VR accounts with their children, so that they could monitor their children's VR app use.

However, very few parents were making use of parental controls that were built into the VR technologies.

"Most parents were aware that the controls existed, they just weren't activating them," Abhinaya says. "In some cases, parents felt their children were more tech-savvy than themselves, and wanted to give their kids autonomy regarding VR usage. This was particularly the case for teens. But in some cases, parents didn't make use of the controls due to technical challenges."

"In other words, some parents didn't know how to properly activate the controls," Das says. "There was also a desire for parental controls to incorporate additional features, such as a summary of what a child did while using a given app, who they interacted with, and so on."




The study found that parents felt they had the primary responsibility for protecting their children against risks associated with VR use. However, the parents also felt that VR companies should incorporate usable parental controls to help parents reduce risks. In addition, parents felt policymakers should stay abreast of emerging technologies to create or modify laws and regulations that protect children online. Lastly, parents felt that schools have a role to play in teaching children how to navigate these new technologies safely.

"It is essential for parents to experience and understand VR before they let their children use it, to get a sense of the security and privacy risks VR may pose," Das says. "However, while parents serve as the first line of defense for protecting children against these risks in VR, it is imperative for other stakeholders such as educators, developers, and policymakers to take proactive steps to ensure the comprehensive protection of children in VR environments."

This work was supported in part by an award from Meta Research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240506131541.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astronomers observe elusive stellar light surrounding ancient quasars | ScienceDaily
MIT astronomers have observed the elusive starlight surrounding some of the earliest quasars in the universe. The distant signals, which trace back more than 13 billion years to the universe's infancy, are revealing clues to how the very first black holes and galaxies evolved.


						
Quasars are the blazing centers of active galaxies, which host an insatiable supermassive black hole at their core. Most galaxies host a central black hole that may occasionally feast on gas and stellar debris, generating a brief burst of light in the form of a glowing ring as material swirls in toward the black hole.

Quasars, by contrast, can consume enormous amounts of matter over much longer stretches of time, generating an extremely bright and long-lasting ring -- so bright, in fact, that quasars are among the most luminous objects in the universe.

Because they are so bright, quasars outshine the rest of the galaxy in which they reside. But the MIT team was able for the first time to observe the much fainter light from stars in the host galaxies of three ancient quasars.

Based on this elusive stellar light, the researchers estimated the mass of each host galaxy, compared to the mass of its central supermassive black hole. They found that for these quasars, the central black holes were much more massive relative to their host galaxies, compared to their modern counterparts.

The findings, published today in the Astrophysical Journal, may shed light on how the earliest supermassive black holes became so massive despite having a relatively short amount of cosmic time in which to grow. In particular, those earliest monster black holes may have sprouted from more massive "seeds" than more modern black holes did.

"After the universe came into existence, there were seed black holes that then consumed material and grew in a very short time," says study author Minghao Yue, a postdoc in MIT's Kavli Institute for Astrophysics and Space Research. "One of the big questions is to understand how those monster black holes could grow so big, so fast."

"These black holes are billions of times more massive than the sun, at a time when the universe is still in its infancy," says study author Anna-Christina Eilers, assistant professor of physics at MIT. "Our results imply that in the early universe, supermassive black holes might have gained their mass before their host galaxies did, and the initial black hole seeds could have been more massive than today."




Eilers' and Yue's co-authors include MIT Kavli Director Robert Simcoe, MIT Hubble Fellow and postdoc Rohan Naidu, and collaborators in Switzerland, Austria, Japan, and at North Carolina State University.

Dazzling cores

A quasar's extreme luminosity has been obvious since astronomers first discovered the objects in the 1960s. They assumed then that the quasar's light stemmed from a single, star-like "point source." Scientists designated the objects "quasars," as a portmanteau of a "quasi-stellar" object. Since those first observations, scientists have realized that quasars are in fact not stellar in origin but emanate from the accretion of intensely powerful and persistent supermassive black holes sitting at the center of galaxies that also host stars, which are much fainter in comparison to their dazzling cores.

It's been extremely challenging to separate the light from a quasar's central black hole from the light of the host galaxy's stars. The task is a bit like discerning a field of fireflies around a central, massive searchlight. But in recent years, astronomers have had a much better chance of doing so with the launch of NASA's James Webb Space Telescope (JWST), which has been able to peer farther back in time, and with much higher sensitivity and resolution, than any existing observatory.

In their new study, Yue and Eilers used dedicated time on JWST to observe six known, ancient quasars, intermittently from the fall of 2022 through the following spring. In total, the team collected more than 120 hours of observations of the six distant objects.

"The quasar outshines its host galaxy by orders of magnitude. And previous images were not sharp enough to distinguish what the host galaxy with all its stars looks like," Yue says. "Now for the first time, we are able to reveal the light from these stars by very carefully modeling JWST's much sharper images of those quasars."

A light balance




The team took stock of the imaging data collected by JWST of each of the six distant quasars, which they estimated to be about 13 billion years old. That data included measurements of each quasar's light in different wavelengths. The researchers fed that data into a model of how much of that light likely comes from a compact "point source," such as a central black hole's accretion disk, versus a more diffuse source, such as light from the host galaxy's surrounding, scattered stars.

Through this modeling, the team teased apart each quasar's light into two components: light from the central black hole's luminous disk and light from the host galaxy's more diffuse stars. The amount of light from both sources is a reflection of their total mass. The researchers estimate that for these quasars, the ratio between the mass of the central black hole and the mass of the host galaxy was about 1:10. This, they realized, was in stark contrast to today's mass balance of 1:1,000, in which more recently formed black holes are much less massive compared to their host galaxies.

"This tells us something about what grows first: Is it the black hole that grows first, and then the galaxy catches up? Or is the galaxy and its stars that first grow, and they dominate and regulate the black hole's growth?" Eilers explains. "We see that black holes in the early universe seem to be growing faster than their host galaxies. That is tentative evidence that the initial black hole seeds could have been more massive back then."

"There must have been some mechanism to make a black hole gain their mass earlier than their host galaxy in those first billion years," Yue adds. "It's kind of the first evidence we see for this, which is exciting."
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Hubble views a galaxy with a voracious black hole | ScienceDaily
Bright, starry spiral arms surround an active galactic center in this new NASA Hubble Space Telescope image of the galaxy NGC 4951.


						
Located in the Virgo constellation, NGC 4951 is located roughly 50 million light-years away from Earth. It's classified as a Seyfert galaxy, which means that it's an extremely energetic type of galaxy with an active galactic nucleus (AGN). However, Seyfert galaxies are unique from other sorts of AGNs because the galaxy itself can still be clearly seen -- different types of AGNs are so bright that it's nearly impossible to observe the actual galaxy that they reside within.

AGNs like NGC 4951 are powered by supermassive black holes. As matter whirls into the black hole, it generates radiation across the entire electromagnetic spectrum, making the AGN shine brightly.

Hubble helped prove that supermassive black holes exist at the core of almost every galaxy in our universe. Before the telescope launched into low-Earth orbit in 1990, astronomers only theorized about their existence. The mission verified their existence by observing the undeniable effects of black holes, like jets of material ejecting from black holes and disks of gas and dust revolving around those black holes at very high speeds.

These observations of NGC 4951 were taken to provide valuable data for astronomers studying how galaxies evolve, with a particular focus on the star formation process. Hubble gathered this information, which is being combined with observations with the James Webb Space Telescope (JWST) to support a JWST Treasury program. Treasury programs collect observations that focus on the potential to solve multiple scientific problems with a single, coherent dataset and enable a variety of compelling scientific investigations.
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New discoveries about Jupiter's magnetosphere | ScienceDaily
New discoveries about Jupiter could lead to a better understanding of Earth's own space environment and influence a long-running scientific debate about the solar system's largest planet.


						
"By exploring a larger space such as Jupiter, we can better understand the fundamental physics governing Earth's magnetosphere and thereby improve our space weather forecasting," said Peter Delamere, a professor at the UAF Geophysical Institute and the UAF College of Natural Science and Mathematics.

"We are one big space weather event from losing communication satellites, our power grid assets, or both," he said.

Space weather refers to disturbances in the Earth's magnetosphere caused by interactions between the solar wind and the Earth's magnetic field. These are generally associated with solar storms and the sun's coronal mass ejections, which can lead to magnetic fluctuations and disruptions in power grids, pipelines and communication systems.

Delamere and a team of co-authors detailed their findings about Jupiter's magnetosphere in a recent paper in AGU Advances. Geophysical Institute research associate professor Peter Damiano, UAF graduate student researchers Austin Smith and Chynna Spitler, and former student Blake Mino are among the co-authors.

Delamere's research shows that our solar system's largest planet has a magnetosphere consisting of largely closed magnetic field lines at its polar regions but including a crescent-shaped area of open field lines. The magnetosphere is the shield that some planets have that deflects much of the solar wind.

The debate over open versus closed at the poles has raged for more than 40 years.




An open magnetosphere refers to a planet having some open-ended magnetic field lines near its poles. These are previously closed lines that have been broken apart by the solar wind and left to extend into space without re-entering the planet.

This creates regions on Jupiter where the solar wind, which carries some of the sun's magnetic field lines, directly interacts with the planet's ionosphere and atmosphere.

Solar particles moving toward a planet on open field lines do not cause the aurora, which largely occurs on closed field lines. However, the energy and momentum of solar wind particles on open field lines does transfer to the closed system.

Earth has a largely open magnetosphere at its poles, with aurora occurring on closed field lines.. It is the transferred energy on those open lines that can disrupt power grids and communications.

In order to study Jupiter's magnetosphere, Delamere ran a variety of models using data acquired by the NASA Juno spacecraft, which entered Jupiter's orbit in 2016 and has an elliptical polar orbit.

"We never had data from the polar regions, so Juno has been transformative in terms of the planet's auroral physics and helping further the discussion about its magnetic field lines," Delamere said.




The debate began with the 1979 flybys of Jupiter by NASA's Voyager 1 and Voyager 2. That data led many to believe that the planet had a generally open magnetosphere at its poles.Other scientists argued that Jupiter's auroral activity, which is much different from Earth's, indicated the planet had a mostly closed magnetosphere at the poles. Delamere, a longtime researcher of Jupiter's magnetic field, published a paper supporting that view in 2010.

In 2021, he was a co-author on a paper by Binzheng Zhang of the University of Hong Kong that suggested through modeling that Jupiter's magnetosphere had two regions of open magnetic field lines at its poles. The model shows one set of open-ended field lines emerging from the poles and trailing outward behind the planet in the magnetotail, the narrow teardrop-shaped portion of the magnetosphere pointing away from the sun. The other set emerges from Jupiter's poles and goes off to the sides into space, carried by the solar wind.

"The Zhang result provided a plausible explanation for the open field line regions," Delamere said. "And this year we provided the compelling evidence in the Juno data to support the model result.

"It is a major validation of the Zhang paper," he said.

Delamere said it's important to study Jupiter to better understand Earth.

"In the big picture, Jupiter and Earth represent opposite ends of the spectrum -- open versus closed field lines," he said. "To fully understand magnetospheric physics, we need to understand both limits."

Delamere's evidence came via an instrument on the Juno spacecraft that revealed a polar area where ions flowed in a direction opposite Jupiter's rotation.

Subsequent modeling showed a similar ion flow in the same area -- and near the open field lines proposed in the 2021 paper by Zhang and Delamere.

"The ionized gas on [closed] magnetic field lines connected to Jupiter's northern and southern hemispheres rotates with the planet," Delamere's new paper concludes, "while ionized gas on [open] field lines that connect to the solar wind move with the solar wind."

Delamere writes that the polar location of open magnetic field lines "may represent a characteristic feature of rotating giant magnetospheres for future exploration."

Other contributors are from the University of Colorado Boulder, Johns Hopkins University, Andrews University, Embry-Riddle Aeronautical University, University of Hong Kong, University of Texas San Antonio, Southwest Research Institute and O.J. Brambles Consulting in the United Kingdom.

Delamere will present the research in July at the Conference on Magnetospheres of the Outer Planets at the University of Minnesota.
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A better way to ride a motorcycle | ScienceDaily
Motorcycles are designed to accommodate the average-sized rider, leaving taller and shorter riders vulnerable to discomfort.


						
A new study from the University of Waterloo used software that predicted realistic motorcycle riding behaviours, considering human factors and ergonomic trade-offs. It found that shorter and taller statures require joint adjustments to achieve their preferred riding posture.

Taller riders are required to flex their ankles, knees, hips and elbows more to interact with the motorcycle properly, and shorter riders have fewer options in possible joint angle configurations, allowing them to reach the seat, handlebars and foot pegs simultaneously.

The study was conducted using a digital human model (DHM) -- a human representation in the form of an avatar of any weight, size or sex -- in a virtual environment. The tool allows researchers to observe human interactions with components or products such as motorcycles.

"The use of DHMs in early two-wheeled motor vehicle design could help manufacturers improve safety, posture and comfort, in addition to saving costs," said Justin Davidson, Biomechanics PhD candidate in Waterloo's Department of Kinesiology and Health Sciences and co-author of the study.

"If a vehicle manufacturer were to consider using DHMs earlier in their design, it could remove some of the earlier trial and error steps. We can change the design and improve it within the computer software before building anything, making it much cheaper in the long run."

Davidson added that the hope for the future is that companies will improve their designs to accommodate groups that fall outside the average size range, which could be done by studying avatars with various weights, heights and sexes within the DHM.

The ergonomics of motorcycle riding is a fairly understudied area despite motorcycle riding being an increasingly popular activity around the globe. Davidson suggested that as motorcycle sales increase, motorcycle design companies are trying to find technologies like DHMs to help them gain an edge.

"DHMs aren't as commonly used as they could be, and their potential for early design intervention could be useful not only when applied to motorcycles but for sitting in a car or even sitting in your office," Davidson said.

"Part of our goal in this research is to try to move the field forward in a way that people can use DHM tools more confidently so that we can start intervening and making things better for people earlier on, hopefully making people safer and more comfortable."
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Researchers develop new AI tool for fast and precise tissue analysis to support drug discovery and diagnostics | ScienceDaily
A team of scientists from A*STAR's Genome Institute of Singapore (GIS) and Bioinformatics Institute (BII) has developed a new AI software tool called "BANKSY" that automatically recognises the cell types present in a tissue, such as muscle cells, nerve cells and fat cells. Going a step beyond conventional AI tools which can group cells together into clusters if they contain similar molecules, BANKSY also considers how similar the cells' surroundings in the tissue are. With BANKSY, researchers would be able to improve their understanding of tissue processes in diverse diseases quicker and more accurately, which can support the development of more effective diagnostics and treatments for cancer, neurological disorders and other diseases. This breakthrough research was published in the article "BANKSY unifies cell typing and tissue domain segmentation for scalable spatial omics data analysis" in Nature Genetics on 27 February 2024.


						
BANKSY is adept at identifying subtly distinct cell groups in spatial molecular profiles generated from tissue samples. Moreover, BANKSY addresses the distinct but related problem of demarcating functionally distinct anatomical regions in tissue sections. For instance, it can distinguish layered structures in the human forebrain.

Spatial molecular profiling (Spatial Omics) technologies are powerful microscopes that allow scientists to study tissues in great detail, by revealing the exact locations of individual biological molecules in cells, as well as the arrangement of cells in tissues. This helps them understand how cells come together in tissues to perform their normal physiological functions, and also how they behave (or misbehave) in diseases such as cancer, autism or infectious diseases such as COVID-19. This understanding is essential for more accurate diagnosis and tailored treatment of patients, as well as the discovery of new drugs.

BANKSY can help biologists interpret and extract insights from the latest Spatial Omics technologies that have emerged over the past few years. Versatile, accurate, fast and scalable, BANKSY stands out from existing methods at analysing both RNA and protein-based Spatial Omics data. Capable of handling large datasets of over two million cells, BANKSY is 10 to 1,000 times faster than competing methods that were tested, and two to 60 times more scalable. This means that the method can also be applied to other key data-processing steps, such as detecting and removing poor quality areas of the sample, and for merging samples taken from different patients for combined analysis.

BANKSY has been independently benchmarked and found to be the best-performing algorithm for spatial omics data by two independent studies, one of which concluded that BANKSY can be a powerful solution for the identification of domains. The other study tested six algorithms and selected BANKSY as the most accurate for their data analysis.

Dr Shyam Prabhakar, Senior Group Leader, Laboratory of Systems Biology and Data Analytics and Associate Director, Spatial and Single Cell Systems at A*STAR's GIS, said, "We anticipate that BANKSY will be a game-changing tool that helps to unlock the potential of emerging Spatial Omics technologies. This will hopefully improve our understanding of tissue processes in diverse diseases, allowing us to develop more effective treatments for cancers, neurological disorders and many other pathologies."

Professor Liu Jian Jun, Acting Executive Director at A*STAR's GIS, said, "The work on BANKSY advances our strategy of combining high-throughput technologies with scalable, robust AI software for problem-solving and identifying the clues to what can make a difference in the lives of patients."

Dr Iain Tan, Senior Consultant, Division of Medical Oncology at National Cancer Centre Singapore and Senior Clinician Scientist at A*STAR's GIS Laboratory of Applied Cancer Genomics, said, "We are using BANKSY to identify the cells that help tumours grow and spread to other parts of the body -- drugs targeting such cells could be a promising direction for cancer treatment."
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Biomechanical dataset for badminton performance analysis | ScienceDaily
In sports training, practice is the key, but being able to emulate the techniques of professional athletes can take a player's performance to the next level. AI-based personalized sports coaching assistants can make this a reality by utilizing published datasets. With cameras and sensors strategically placed on the athlete's body, these systems can track everything, including joint movement patterns, muscle activation levels, and gaze movements.


						
Using this data, personalized feedback is provided on player technique, along with improvement recommendations. Athletes can access this feedback anytime, and anywhere, making these systems versatile for athletes at all levels.

Now, in a study published in the journal Scientific Data on April 5, 2024, researchers led by Associate Professor SeungJun Kim from the Gwangju Institute of Science and Technology (GIST), South Korea, in collaboration with researchers from Massachusetts Institute of Technology (MIT), CSAIL, USA, have developed a MultiSenseBadminton dataset for AI-driven badminton training.

"Badminton could benefit from these various sensors, but there is a scarcity of comprehensive badminton action datasets for analysis and training feedback," says Ph.D. candidate Minwoo Seong, the first author of the study.

Supported by the 2024 GIST-MIT project, this study took inspiration from MIT's ActionSense project, which used wearable sensors to track everyday kitchen tasks such as peeling, slicing vegetables, and opening jars. Seong collaborated with MIT's team, including MIT CSAIL postdoc researcher Joseph DelPreto and MIT CSAIL Director and MIT EECS Professor Daniela Rus and Wojciech Matusik. Together, they developed the MultiSenseBadminton dataset, capturing movements and physiological responses of badminton players. This dataset, shaped with insights from professional badminton coaches, aims to enhance the quality of forehand clear and backhand drive strokes. For this, the researchers collected 23 hours of swing motion data from 25 players with varying levels of training experience.

During the study, players were tasked with repeatedly executing forehand clear and backhand drive shots while sensors recorded their movements and responses. These included inertial measurement units (IMU) sensors to track joint movements, electromyography (EMG) sensors to monitor muscle signals, insole sensors for foot pressure, and a camera to record both body movements and shuttlecock positions. With a total of 7,763 data points collected, each swing was meticulously labeled based on stroke type, player's skill level, shuttlecock landing position, impact location relative to the player, and sound upon impact. The dataset was then validated using a machine learning model, ensuring its suitability for training AI models to evaluate stroke quality and offer feedback.

"The MultiSenseBadminton dataset can be used to build AI-based education and training systems for racket sports players. By analyzing the disparities in motion and sensor data among different levels of players and creating AI-generated action trajectories, the dataset can be applied to personalized motion guides for each level of players," says Seong.

The gathered data can enhance training through haptic vibration or electrical muscle stimulation, promoting better motion and refining swing techniques. Additionally, player tracking data, like that in the MultiSenseBadminton dataset, could fuel virtual reality games or training simulations, making sports training more accessible and affordable, potentially transforming how people exercise.

In the long run, the researchers speculate that this dataset could make sports training more accessible and affordable for a broader audience, promote overall well-being, and foster a healthier population.
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New quantum sensing scheme could lead to enhanced high-precision nanoscopic techniques | ScienceDaily
Researchers from the University of Portsmouth have unveiled a quantum sensing scheme that achieves the pinnacle of quantum sensitivity in measuring the transverse displacement between two interfering photons.


						
This new technique has the potential to enhance superresolution imaging techniques that already employ single-photon sources as probes for the localization and tracking of biological samples, such as single-molecule localization microscopy with quantum dots.

Traditionally, achieving ultra-high precision in nanoscopic techniques has been constrained by the limitations of standard imaging methods, such as the diffraction limit of cameras and highly magnifying objectives. However, this new quantum sensing scheme circumvents these obstacles, paving the way for unprecedented levels of precision.

At the heart of this innovation lies an interferometric technique that not only achieves unparalleled spatial precision, but also maintains its effectiveness regardless of the overlap between displaced photonic wave packets. The precision of this technique is only marginally reduced when dealing with photons differing in nonspatial degrees of freedom, marking a significant advancement in quantum-enhanced spatial sensitivity.

Study co-author Professor Vincenzo Tamma, Director of the Quantum Science and Technology Hub, said: "These results shed new light on the metrological power of two-photon spatial interference and can pave the way to new high-precision sensing techniques.

"Other potential applications for the research could be found in the development of quantum sensing techniques for high-precision refractometry and astrophysical bodies localisation, as well as high-precision multi-parameter sensing schemes, including 3D quantum localisation methods.
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New study reveals how teens thrive online: factors that shape digital success revealed | ScienceDaily
A new study co-authored by Sophie Janicke-Bowles, associate professor in Chapman University's School of Communication, sheds light on the role that new and traditional media play in promoting and affecting character development, emotions, prosocial behavior and well-being (aka happiness) in youth.


						
Her research and teaching focus on positive psychology, media and new communication technologies, and media and spirituality. The study, published April 13 in Society for Research in Child Development (SRCD), investigates how adolescents perceive and engage with digital communication, including connectedness, positive social comparison, authentic self-presentation, civil participation and self-control.

"This was such an amazing research study to be part of as we all are craving more nuanced answers on how digital technologies affect our children," said Janicke-Bowles.

Janicke-Bowles' research contributes to the understanding of digital flourishing (positive social media experiences) among adolescents, highlighting the importance of supportive parental mediation and digital skills in promoting positive digital engagement. Moving forward, interventions aimed at enhancing digital flourishing should consider the role of parental guidance and support in shaping adolescents' online experiences.
    	Adolescents who flourish in their digital communication over time are more likely to have parents who know their way around technology and who actively support their children to positively communicate online.
    	For adolescents who digitally flourish less, their self-control over digital communication decreases.
    	To increase digital flourishing, interventions can aim in assisting adolescents in their control over their digital communication and encourage parents to take an active role in their young adults' digital communication.

These findings underscore the significance of parental influence and support in fostering positive digital communication experiences among adolescents.

In addition to her recent research, Janicke-Bowles has a distinguished history of exploring the intersection of media and psychology. As a member of a research team from Florida State and Penn State universities, she received a $1.9 million grant from the John Templeton Foundation to investigate the impact of media content on self-transcendent emotions. Her academic journey, spanning from clinical and media psychology in Germany to mass communication in the United States, underscores her commitment to understanding the profound effects of media on human experiences.
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When injecting pure spin into chiral materials, direction matters | ScienceDaily
Researchers from North Carolina State University and the University of Pittsburgh studied how the spin information of an electron, called a pure spin current, moves through chiral materials. They found that the direction in which the spins are injected into chiral materials affects their ability to pass through them. These chiral "gateways" could be used to design energy-efficient spintronic devices for data storage, communication and computing.


						
Spintronic devices harness the spin of an electron, rather than its charge, to create current and move information through electronic devices.

"One of the goals in spintronics is to move spin information through a material without also having to move the associated charge, because moving the charge takes more energy -- it's why your phone and computer get hot when you use them for a long time," says David Waldeck, professor of chemistry in Pitt's Kenneth P. Dietrich School of Arts and Sciences and co-corresponding author of the work.

Chiral solids are materials that cannot be superimposed on their mirror image -- think of your left and right hands, for example. A left-handed glove does not fit on your right hand, and vice-versa. Chirality in spintronic materials allows researchers to control the direction of spin within the material.

"Prior to this work, it was thought that the sense of chirality, or 'handedness,' of a material was very important to how and whether the spin would move through that material," says Dali Sun, associate professor of physics, member of the Organic and Carbon Electronics Lab (ORaCEL) at North Carolina State University and co-corresponding author of the work.

"And when you're moving the whole electron through the material that is still true. But we found that if you inject pure spin into a chiral material, the absorption of spin current strongly depends on the angle between the spin polarization and chiral axis; in other words, whether the spin polarization is aligned parallel or perpendicular to the chiral axis."

"We used two different approaches, microwave particle excitation and ultrafast laser heating, to inject pure spin into the selected chiral materials in this study, and both approaches gave us the same conclusion," says Jun Liu, associate professor of mechanical and aerospace engineering, member of ORaCEL at NC State and co-corresponding author of the work.




"The chiral materials we chose are two chiral cobalt oxide thin films, each with a different chirality, or 'handedness,'" Liu says. "Non-chiral cobalt oxide thin films are commonly used in modern electronics."

When the team injected pure spin aligned perpendicular to the material's chiral axis, they noted that the spin did not travel through the material. However, when the pure spin was aligned either parallel or anti-parallel to the chiral axis, its absorption, or ability to pass through the material, improved by 3000%.

"Since spin can only pass through these chiral materials in one direction, this could enable us to design chiral gateways for use in electronic devices," Sun says. "And this work also challenges some of what we thought we knew about chiral materials and spin, which is something we want to explore further."

The work appears in Science Advances and is supported by the Department of Energy under award numbers DE-SC0020992 and ER46430; the Air Force Office of Scientific Research, Multidisciplinary University Research Initiatives (MURI) Program under award numbers FA9550-23-1-0311and FA9550-23-1-0368; and the National Science Foundation under award numbers DMR 2011978 and NSF-ECCS 2246254.

NC State postdoctoral researcher Rui Sun, NC State graduate student Ziqi Wang, and University of Pittsburgh Research Assistant Professor Brian Bloom are co-first authors.
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Tweaking isotopes sheds light on promising approach to engineer semiconductors | ScienceDaily
Research led by scientists at the Department of Energy's Oak Ridge National Laboratory has demonstrated that small changes in the isotopic content of thin semiconductor materials can influence their optical and electronic properties, possibly opening the way to new and advanced designs with the semiconductors.


						
Partly because of semiconductors, electronic devices and systems become more advanced and sophisticated every day. That's why for decades researchers have studied ways to improve semiconductor compounds to influence how they carry electrical current. One approach is to use isotopes to change the physical, chemical and technological properties of materials.

Isotopes are members of a family of an element that all have the same number of protons but different numbers of neutrons and thus different masses. Isotope engineering has traditionally focused on enhancing so-called bulk materials that have uniform properties in three dimensions, or 3D. But new research led by ORNL has advanced the frontier of isotope engineering where current is confined in two dimensions, or 2D, inside flat crystals and where a layer is only a few atoms thick. The 2D materials are promising because their ultrathin nature could allow for precise control over their electronic properties.

"We observed a surprising isotope effect in the optoelectronic properties of a single layer of molybdenum disulfide when we substituted a heavier isotope of molybdenum in the crystal, an effect that opens opportunities to engineer 2D optoelectronic devices for microelectronics, solar cells, photodetectors and even next-generation computing technologies," said ORNL scientist Kai Xiao.

Yiling Yu, a member of Xiao's research team, grew isotopically pure 2D crystals of atomically thin molybdenum disulfide using molybdenum atoms of different masses. Yu noticed small shifts in the color of light emitted by the crystals under photoexcitation, or stimulation by light.

"Unexpectedly, the light from the molybdenum disulfide with the heavier molybdenum atoms was shifted farther to the red end of the spectrum, which is opposite to the shift one would expect for bulk materials," Xiao said. The red shift indicates a change in the electronic structure or optical properties of the material.

Xiao and the team, working with theorists Volodymyr Turkowski and Talat Rahman at the University of Central Florida, knew that the phonons, or crystal vibrations, must be scattering the excitons, or optical excitations, in unexpected ways in the confined dimensions of these ultrathin crystals. They discovered how this scattering shifts the optical bandgap to the red end of the light spectrum for heavier isotopes. "Optical bandgap" refers to the minimum amount of energy needed to make a material absorb or emit light. By adjusting the bandgap, researchers can make semiconductors absorb or emit different colors of light, and such tunability is essential for designing new devices.




ORNL's Alex Puretzky described how different crystals grown on a substrate can show small shifts in emitted color caused by regional strain in the substrate. To prove the anomalous isotope effect and measure its magnitude to compare with theoretical predictions, Yu grew molybdenum disulfide crystals with two molybdenum isotopes in one crystal.

"Our work was unprecedented in that we synthesized a 2D material with two isotopes of the same element but with different masses, and we joined the isotopes laterally in a controlled and gradual manner in a single monolayer crystal," Xiao said. "This enabled us to observe the intrinsic anomalous isotope effect on the optical properties in the 2D material without the interference caused by an inhomogeneous sample."

The study demonstrated that even a small change of isotope masses in the atomically thin 2D semiconductor materials can influence optical and electronic properties -- a finding that provides an important basis for continued research.

"Previously, the belief was that to make devices such as photovoltaics and photodetectors, we had to combine two different semiconductor materials to make junctions to trap excitons and separate their charges. But actually, we can use the same material and just change its isotopes to create isotopic junctions to trap the excitons," Xiao said. "This research also tells us that through isotope engineering, we can tune the optical and electronic properties to design new applications."

For future experiments, Xiao and the team plan to collaborate with the experts at the High Flux Isotope Reactor and the Isotope Science and Engineering Directorate at ORNL. These facilities can provide various highly enriched isotope precursors to grow different isotopically pure 2D materials. The team can then further investigate the isotope effect on spin properties for their application in spin electronics and quantum emission.

This work was supported by DOE's Office of Science, Basic Energy Sciences, Materials Sciences and Engineering Division and was performed at the Center for Nanophase Materials Sciences, or CNMS, at ORNL, an Office of Science user facility. The CNMS supported the TOF-SIMS, STEM and optical spectroscopy measurements.
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Stretchable e-skin could give robots human-level touch sensitivity | ScienceDaily
A first-ever stretchy electronic skin could equip robots and other devices with the same softness and touch sensitivity as human skin, opening up new possibilities to perform tasks that require a great deal of precision and control of force.


						
The new stretchable e-skin, developed by researchers at The University of Texas at Austin, solves a major bottleneck in the emerging technology. Existing e-skin technology loses sensing accuracy as the material stretches, but that is not the case with this new version.

"Much like human skin has to stretch and bend to accommodate our movements, so too does e-skin," said Nanshu Lu, a professor in the Cockrell School of Engineering's Department of Aerospace Engineering and Engineering Mechanics who led the project. "No matter how much our e-skin stretches, the pressure response doesn't change, and that is a significant achievement."

The new research was published today in Matter.

Lu envisions the stretchable e-skin as a critical component to a robot hand capable of the same level of softness and sensitivity in touch as a human hand. This could be applied to medical care, where robots could check a patient's pulse, wipe the body or massage a body part.

Why is a robot nurse or physical therapist necessary? Around the world, millions of people are aging and in need of care, more than the global medical system can provide.

"In the future, if we have more elderly than available caregivers, it's going to be a crisis worldwide," Lu said. "We need to find new ways to take care of people efficiently and also gently, and robots are an important piece of that puzzle."

Beyond medicine, human-caring robots could be deployed in disasters. They could search for injured and trapped people in an earthquake or a collapsed building, for example, and apply on-the-spot care, such as administering CPR.




E-skin technology senses pressure from contact, letting the attached machine know how much force to use to, for example, grab a cup or touch a person. But, when conventional e-skin is stretched, it also senses that deformation. That reading creates additional noise that skews the sensors' ability to sense the pressure. That could lead to a robot using too much force to grab something.

In demonstrations, the stretchability allowed the researchers to create inflatable probes and grippers that could change shape to perform a variety of sensitive, touch-based tasks. The inflated skin-wrapped probe was used on human subjects to capture their pulse and pulse waves accurately. The deflated grippers can conformably hold on to a tumbler without dropping it, even when a coin is dropped inside. The device also pressed on a crispy taco shell without breaking it.

The key to this discovery is an innovative hybrid response pressure sensor that Lu and collaborators have been working on for years. While conventional e-skins are either capacitive or resistive, the hybrid response e-skin employs both responses to pressure. Perfecting these sensors, and combining them with stretchable insulating and electrode materials, enabled this e-skin innovation.

Lu -- who is also affiliated with the Department of Biomedical Engineering, the Chandra Family Department of Electrical and Computer Engineering, the Walker Department of Mechanical Engineering, and the Texas Materials Institute -- and her team are now working toward the potential applications. They are collaborating with Roberto Martin-Martin, assistant professor at the College of Natural Sciences' Computer Science Department to build a robotic arm equipped with the e-skin. The researchers and UT have filed a provisional patent application for the e-skin technology, and Lu is open to collaborating with robotics companies to bring it to market.

Other authors on the paper are Kyoung-Ho Ha and Sangjun Kim of the Walker Department of Engineering; Zhengjie Li, Heeyong Huh and Zheliang Wang of the Department of Aerospace Engineering and Engineering Mechanics; and Hongyang Shi, Charles Block and Sarnab Bhattacharya of the Chandra Family Department of Electrical and Computer Engineering. Ha is now a postdoctoral researcher at the Querrey Simpson Institute for Bioelectronics at Northwestern University, and Block is now a doctoral student at the University of Illinois at Urbana-Champaign's Department of Computer Science.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        Rapid oyster reef restoration gives hope for repairing the sea
        After a century of functional extinction on the Australian mainland, a Flat oyster reef has been successfully restored along a metropolitan Adelaide coastline.

      

      
        Saturated soils could impact survival of young trees planted to address climate change
        New research has looked into the potential effects of increased rainfall in regions being earmarked for expansion of temperate rainforests. Amid global calls for more trees to be planted as part of efforts to combat climate change, this study highlights the importance of factoring in soil conditions when looking at where and how to create the temperate rainforests of the future.

      

      
        Fluidic systems resembling blood vascular tissues: Artificial blood vessels and biomedicine
        Nature has consistently inspired engineering applications. Recently, a group of researchers drew new inspirations from the vascular network and developed a new type of fluidic system named VasFluidics.

      

      
        An epigenome editing toolkit to dissect the mechanisms of gene regulation
        A recent study led to the development of a powerful epigenetic editing technology. The system unlocks the ability to precisely program chromatin modifications at any specific position in the genome, to understand their causal role in transcription regulation. This innovative approach will help to investigate the role of chromatin modifications in many biological processes, and to program desired gene activity responses, which may prove useful in disease settings.

      

      
        Heavy snowfall and rain may contribute to some earthquakes
        Episodes of heavy snowfall and rain likely contributed to a swarm of earthquakes over the past several years in northern Japan, researchers find. Their study shows climate conditions could initiate some earthquakes.

      

      
        Human activity is making it harder for scientists to interpret oceans' past
        New research shows human activity is significantly altering the ways in which marine organisms are preserved, with lasting effects that can both improve and impair the fossil record.

      

      
        Climate resilience strategies in urban, rural areas
        Local decision-makers looking for ways to reduce the impact of heat waves on their communities have a valuable new capability at their disposal: a new study on vegetation resilience. Scientists completed a study of how well vegetation survived extreme heat events in both urban and rural communities across the country in recent years. The analysis informs pathways for climate mitigation, including ways to reduce the effect of urban heat islands.

      

      
        Pore pressure diffusion led to microseismicity at Illinois basin carbon sequestration site
        Pore pressure diffusion generated by carbon dioxide injected underground at a carbon storage site in the Illinois Basin is the likely cause of hundreds of microearthquakes that took place at the site between 2011 and 2012, according to a new analysis.

      

      
        Rock steady: Study reveals new mechanism to explain how continents stabilized
        Ancient, expansive tracts of continental crust called cratons have helped keep Earth's continents stable for billions of years, even as landmasses shift, mountains rise and oceans form. A new mechanism may explain how the cratons formed some 3 billion years ago, an enduring question in the study of Earth's history.

      

      
        Damaging impact of heat waves on vital organs
        Researchers have found evidence of the molecular causes of the damaging impact heat stress causes on the gut, liver and brain in the elderly. These findings point to the potential of developing precise prognostic and therapeutic interventions.

      

      
        New record holder for smallest dispersers of ingested seeds: Woodlice
        Even bugs as small as woodlice can disperse seeds they eat, setting a new record for smallest animal recorded to do so. The discovery underscores the crucial yet often overlooked role that small invertebrates play in ecosystems.

      

      
        An adjuvant made in yeast could lower vaccine cost and boost availability
        Adjuvants make vaccines more effective, though one of the best is an expensive extract from the soap bark tree. To lower the cost and avoid the laborious extraction process from bark, synthetic biologists introduced 38 separate genes into yeast to recreate the synthesis of the active molecule, a complex chemical, QS-21, that has a terpene core and numerous sugars. This may be the longest biosynthetic pathway ever inserted into yeast.

      

      
        Marine bacteria team up to produce a vital vitamin
        Two species of marine bacteria from the North Sea have established an unusual and sometimes destructive relationship to produce the important vitamin B12. The team's experiments show that the two microbial species have developed a coordinated strategy to obtain the scarce but essential vitamin.

      

      
        Scientists find ancient, endangered lamprey fish in Queensland, 1400 km north of its previous known range
        Scientists have confirmed the identity of an unusual, ancient and Endangered species of fish that is living in the coastal rivers of Queensland, about 1400 km north of where it was previously known to live.

      

      
        Acceptance of animals in urban environments
        How do city residents feel about animals in their immediate surroundings? A recent study shows how different the acceptance of various wild animals in urban areas is. Important factors are the places where the animals are found and their level of popularity -- squirrels and ladybugs come out on top here. The results have important implications for urban planning and nature conservation.

      

      
        Limited adaptability makes freshwater bacteria vulnerable to climate change
        Freshwater bacteria with small genomes frequently undergo prolonged periods of adaptive stagnation. Based on genomic analyses of samples from European lakes, researchers uncovered specific evolutionary strategies that shape these bacteria's lifestyles. Understanding the evolutionary dynamics of aquatic microbial communities is key to safeguarding ecosystem services.

      

      
        Natural compounds that selectively kill parasites
        An international team has found a family of natural compounds with potential as new and more effective treatments for parasitic worms. The compounds stall the unique metabolic process that worms use to survive in the human gut.

      

      
        Swarms of miniature robots clean up microplastics and microbes, simultaneously
        When old food packaging, discarded children's toys and other mismanaged plastic waste break down into microplastics, they become even harder to clean up from oceans and waterways. These tiny bits of plastic also attract bacteria, including those that cause disease. Researchers describe swarms of microscale robots (microrobots) that captured bits of plastic and bacteria from water. Afterward, the bots were decontaminated and reused.

      

      
        Why is breaking down plant material for biofuels so slow?
        Tracking individual enzymes during the breakdown of cellulose for biofuel production has revealed how several roadblocks slow this process when using plant material that might otherwise go to waste. The research may lead to new ways to improve the breakdown process and make the non-edible parts of plants and other plant waste, such as forestry residue, a more competitive source of biofuels.

      

      
        It flickers, then it tips -- study identifies early warning signals for the end of the African humid period
        Tipping points in the climate system can be the result of a slow but linear development. However, they can also be accompanied by a 'flickering', with two stable climatic states that alternate before a final transition occurs -- and the climate tips permanently.

      

      
        Chimps learn and improve tool-using skills even as adults, study finds
        Chimpanzees continue to learn and hone their skills well into adulthood, a capacity that might be essential for the evolution of complex and varied tool use, according to a new study.

      

      
        Efficacy of solar panels boosted
        Solar energy is a crucial asset in the fight against climate change, and researchers have now devised a smart approach to optimize its effectiveness. Their innovative method includes incorporating artificial ground reflectors, a simple yet powerful enhancement.

      

      
        US geographic region results in vastly different anal cancer risk for people with HIV
        For people with HIV, the risk of anal cancer varies according to their geographic region.

      

      
        Researchers show that slow-moving earthquakes are controlled by rock permeability
        A research group explores how the makeup of rocks, specifically their permeability -- or how easily fluids can flow through them -- affects the frequency and intensity of slow slip events. Slow slips' role in the earthquake cycle may help lead to a better model to predict when earthquakes happen.

      

      
        Intermittent fasting protects against liver inflammation and liver cancer
        Fatty liver disease often leads to chronic liver inflammation and can even result in liver cancer. Scientists have now shown in mice that intermittent fasting on a 5:2 schedule can halt this development. The fasting regime reduces the development of liver cancer in mice with pre-existing liver inflammation. The researchers identified two proteins in liver cells that are jointly responsible for the protective effect of fasting. An approved drug can partially mimic this effect.

      

      
        Bee body mass, pathogens and local climate influence heat tolerance
        How well bees tolerate temperature extremes could determine their ability to persist in a changing climate. But heat tolerance varies between and within populations, so entomologists examined bee physical traits to understand how these traits interact with environmental conditions, pathogens and other factors.

      

      
        Low-energy process for high-performance solar cells
        Finding reliable, eco-friendly power sources is crucial as our world grapples with increasing energy needs and the urgent call to combat climate change. Solar energy offers one solution, with scientists devising ever more efficient materials for capturing sunlight.

      

      
        Fruit fly model identifies key regulators behind organ development
        A new computational model simulating fruit fly wing development has enabled researchers to identify previously hidden mechanisms behind organ generation. An research team developed a fruit fly model to reverse engineer the mechanisms that generate organ tissue.

      

      
        Progression of herpesvirus infection remodels mitochondrial organization and metabolism
        Researchers have found that herpesvirus infection modifies the structure and normal function of the mitochondria in the host cell. The new information will help to understand the interaction between herpesvirus and host cells. Knowledge can be utilized in the development of viral treatments.

      

      
        How a 'conductor' makes sense of chaos in early mouse embryos
        The earliest stages of mammalian embryo development are like an orchestra performance, where everyone must play at the exact right moment and in perfect harmony. New research identifies one of the conductors making sense of the chaos.

      

      
        From fossils to fuel: Mozambique's Maniamba Basin's energy potential
        In the ever-expanding search for energy resources, a new study has emerged from Mozambique's Maniamba Basin. Mozambique's Maniamba Basin could be a big source of natural gas.

      

      
        Scientists cooked pancakes, Brussels sprouts, and stir fry to detect an oxidant indoors
        A feast cooked up has revealed singlet oxygen, an oxidant, indoors. Oxidants can be beneficial -- ozone in the stratosphere is one example -- but can also cause stress to our lungs, contributing to the development of cancer, diabetes, and heart disease in the long term.

      

      
        Millions in costs due to discharge of scrubber water into the Baltic Sea
        Discharge from ships with so-called scrubbers cause great damage to the Baltic Sea. A new study shows that these emissions caused pollution corresponding to socio-economic costs of more than EUR 680 million between 2014 and 2022. At the same time, the researchers note that the shipping companies' investments in the much-discussed technology, where exhaust gases are 'washed' and discharged into the sea, have already been recouped for most of the ships. This means that the industry is now making bi...

      

      
        Bio-inspired materials' potential for efficient mass transfer boosted by a new twist on a century-old theory
        The natural vein structure found within leaves -- which has inspired the structural design of porous materials that can maximize mass transfer -- could unlock improvements in energy storage, catalysis, and sensing thanks to a new twist on a century-old biophysical law.

      

      
        Free-forming organelles help plants adapt to climate change
        Plants' ability to sense light and temperature, and their ability to adapt to climate change, hinges on free-forming structures in their cells whose function was, until now, a mystery. Researchers have now determined how these structures work on a molecular level, as well as where and how they form.

      

      
        First effective treatment found for spitting cobra snakebite
        Scientists have discovered a new snakebite treatment to prevent the devastating tissue damage caused by African spitting cobra venom. Spitting cobra venom is incredibly potent and causes dermonecrosis, which presents as rapid destruction of skin, muscle and bone around the site of the snakebite, and can lead to permanent injuries and disfigurements, including limb loss and amputations in extreme cases. Using the repurposed small molecule drug varespladib to block one of the two major dermonecrosi...

      

      
        Engineers develop innovative microbiome analysis software tools
        Engineers have developed two new graph-based computational tools for tracking genomic variation within microbiomes.

      

      
        Origin of Roman lead
        Three ingots from the site of Los Escoriales de Do a Rama (Belmez) and dating from the Roman era demonstrate the importance of lead production and exportation in northern Cordoba.

      

      
        Geologists, biologists unearth the atomic fingerprints of cancer
        Earth scientists have long turned to minute differences in hydrogen atoms to explore the ancient history of our planet. A new study suggests that these same tiny atoms might also lead to new ways to track the growth of cancer.

      

      
        DDT pollutants found in deep sea fish off Los Angeles coast
        As the region reckons with its toxic history of offshore dumping off the California coast, new findings raise troubling questions about whether the banned pesticide remains a threat to wildlife and human health.

      

      
        Turbid waters keep the coast healthy
        To preserve the important intertidal areas and salt marshes off our coasts for the future, we need more turbid water. That is one of the striking conclusions from a new study.

      

      
        The Clues for Cleaner Water
        By using experimental electrochemical analyses, mass spectrometry, and computational quantum chemistry modeling, the researchers created an 'atomic-scale storyline' to explain how ozone is generated on NATO electrocatalysts. They identified that some of the nickel in NATO is probably leaching out of the electrodes via corrosion, and these nickel atoms, now floating in the solution near the catalyst, can promote chemical reactions that eventually generate ozone.

      

      
        Using advanced genetic techniques, scientists create mice with traits of Tourette disorder
        In research that may be a step forward toward finding personalized treatments for Tourette disorder, scientists have bred mice that exhibit some of the same behaviors and brain abnormalities seen in humans with the disorder.

      

      
        High-pressure spectroscopy: Why 3,000 bars are needed to take a comprehensive look at a protein
        Why 3,000 bars are needed to take a comprehensive look at a protein: Researchers present a new high-pressure spectroscopy method to unravel the properties of proteins' native structures.

      

      
        Improved nutrition, sanitation linked to beneficial changes in child stress and epigenetic programming
        A new study provides some of the clearest and most comprehensive evidence to date on what is known about stress physiology and 'epigenetic programming.'

      

      
        AI to make crop production more sustainable
        Drones monitoring fields for weeds and robots targeting and treating crop diseases may sound like science fiction but is actually happening already, at least on some experimental farms. Researchers are working on driving forward the smart digitalization of agriculture and have now published a list of the research questions that will need to be tackled as a priority in the future.

      

      
        Lake tsunamis pose significant threat under warming climate
        The names might not be familiar -- Cowee Creek, Brabazon Range, Upper Pederson Lagoon -- but they mark the sites of recent lake tsunamis, a phenomenon that is increasingly common in Alaska, British Columbia and other regions with mountain glaciers. Triggered by landslides into small bodies of water, most of these tsunamis have occurred in remote locations so far, but geologists say it may just be a matter of time before a tsunami swamps a more populated place.

      

      
        Sister cities can help communities better navigate the climate crisis
        Anthropologists suggest in a new study that establishing networks of 'sister cities' dedicated to addressing the impact of natural disasters can mitigate the devastation wrought by climate change.

      

      
        Aligned peptide 'noodles' could enable lab-grown biological tissues
        Researchers have developed peptide-based hydrogels that mimic the aligned structure of muscle and nerve tissues, which could enable the development of functional lab-grown tissue.

      

      
        Quantifying U.S. health impacts from gas stoves
        A new study of air pollution in U.S. homes reveals how much gas and propane stoves increase people's exposure to nitrogen dioxide, a pollutant linked to childhood asthma. Even in bedrooms far from kitchens, concentrations frequently exceed health limits while stoves are on and for hours after burners and ovens are turned off.
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Rapid oyster reef restoration gives hope for repairing the sea | ScienceDaily
After a century of functional extinction on the Australian mainland, a Flat oyster reef has been successfully restored along a metropolitan Adelaide coastline.


						
Research by University of Adelaide marine scientists has revealed that the astonishing ecological recovery occurred within two and a half years of the reef being constructed, providing hope for the future of marine ecosystems around the world.

"In late 2020, 14 limestone boulder reefs were constructed along the busiest coastline in South Australia, and it took just two and a half years for the habitat to become a thriving marine metropolis," says Dr Dominic McAfee of the University of Adelaide's School of Biological Sciences.

"The rate of recovery of this particular restoration shows that even heavily degraded marine systems can retain a latent resilience that enables us to achieve rapid environmental recoveries through effective restoration efforts."

With no functional Flat oyster reef ecosystems on the Australian mainland, Dr McAfee's research team used local rocky reef ecosystems and Australia's sole remaining Flat oyster reef, located in Tasmania, as reference models.

"At the restored reef, we have observed densities of restored native adult Flat oysters that exceeded densities observed on the Tasmanian natural reef," says Dr McAfee.

"Communities of macroinvertebrates on the reef restoration represented approximately 60 per cent of the biodiversity observed on healthy rocky reef reference systems, while ecological functions, such as filter feeding, are demonstrably increasing.




"The rate of recovery of this benthic ecosystem demonstrates the latent resilience of degraded oyster communities and the capacity for effective marine restorations to achieve rapid ecological recoveries."

While oyster reefs were once common along Australia's southern coastline and created temperate reef ecosystems, they have become increasingly rare around the world.

"Destructive human activities, like seafloor dredging, which razes entire marine communities, have turned seafloors into structurally simplified habitats with little settlement substrata or localised adult oysters to seed recovery," says Dr McAfee.

"Globally, 85 per cent of oyster reefs have been lost, and on many coastlines these ecosystems were near obliterated."

The reefs are particularly important for the function oysters play in the ecosystem.

"Oysters are ecological superheroes that function like trees in a forest or coral in tropical seas," says Dr McAfee.

"They provide habitat for many other marine animals, boost fish production, protect shorelines from stormy seas, and even clean the water with their filter feeding."

Dr McAfee says the results of this project will have implications for lost oyster-reef ecosystems around the country.

"We've lost oyster reefs over thousands of kilometres of Australian coastline. This rapid recovery shows we can bring them back rapidly and can serve as a template for other projects on how to bring these reefs back," Dr McAfee says.
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Saturated soils could impact survival of young trees planted to address climate change | ScienceDaily
The saturated soil conditions predicted to result from increased rainfall in the UK's upland regions could have a knock-on effect on the ambition to create more woodland in the fight against climate change, a new study has found.


						
Researchers from the University of Plymouth have spent a number of years exploring how temperate rainforests could be an effective nature-based solution to some of the planet's greatest challenges.

They have also shown that the UK's uplands could in future see significantly more annual rainfall than is currently being predicted in national climate models.

In new research, they found that higher soil water levels within areas such as Dartmoor, the Lake District and the Scottish Highlands could have a significant impact on the survival rates of both acorns and juvenile oak saplings.

Published in the journal Forest Ecology and Management, it is the first study to highlight the importance of factoring in soil conditions when looking at where and how to create the temperate rainforests of the future.

Dr Thomas Murphy, Lecturer in Environmental Sciences at the University of Plymouth, is the study's lead author. He said: "In recent years, there have been increasing calls to plant more trees as part of the global effort to combat climate change. Restoration and expansion of temperate rainforests, which are a globally rare ecosystem, is seen as one of the potential solutions. But with our previous work also predicting an increase in future rainfall we wanted to know if the woodlands we create will support naturally colonising trees in future. Our results show that higher water levels within soils directly contribute to reduced survival of both acorns and young oak trees. We believe it provides landowners, land managers and policy makers with important information as to which species might work in particular locations to support more resilient future rainforests."

For the study, researchers planted acorns from English oaks (Quercus robur) in containers with four soil states, from completely flooded to low saturation where the water level was 220mm below the acorn.




The acorns did not survive in the flooded soils, but survival rates improved gradually - 43% at high saturation, 77% at medium saturation, and 83% at low saturation - as the water level dropped.

The surviving seedlings also exhibited reduced root:shoot ratio, leaf photosynthesis, and a lower likelihood of late season shoot growth in soils of higher saturation.

In a concurrent field experiment, juvenile English oak and Sessile oak (Quercus petraea) saplings were planted in a region of Dartmoor that is seasonally waterlogged and frequented by grazing livestock.

In these tests, the English oaks exhibited greater shoot growth and leaf photosynthesis than its close relation in areas where the soil was more saturated.

The researchers, including environmental scientists and ecologists, say the results highlight the need for better understanding of soil influence on tree development.

Dr Murphy added: "There has been extensive talk about how larger trees respond to the effects of climate change. But these results show we need to factor in the response of young trees as well, especially if they are being envisioned as an integral part of the solution. By examining their response to conditions now, while also thinking about what these locations are going to be like in 50 years' time, we can better understand the right trees for the right locations, and hopefully make these woodlands more resilient in the long-term."
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Fluidic systems resembling blood vascular tissues: Artificial blood vessels and biomedicine | ScienceDaily
The fluidic system can modulate fluid compositions via spatially-different reactions between fluids and channel walls, something that has not yet been realised in traditional fluidic systems. This work was conducted by the research team of Professor Anderson Ho Cheung Shum's Microfluidics and Soft Matter Team in the Department of Mechanical Engineering of the Faculty of Engineering. This discovery has been published in Nature Communications, titled "Vascular network-inspired fluidic system (VasFluidics) with spatially functionalisable membranous walls."


						
"The brilliant control over blood compositions in vessels is remarkable and essential, inspiring us to think about how to design new fluidic systems," shared Yafeng Yu, the first author of the research project.

The blood vascular network, a natural fluidic system, inspired the research. "Guided" by the vascular network, Professor Shum's team developed VasFluidics, a fluidic system with functionalisable membrane walls. Similar to blood vessel walls, the walls of VasFluidic channels are thin, soft, and capable of changing liquid compositions via physical or chemical means.

This study demonstrates the power of VasFluidics in fluid processing. After separated channel regions are deposited with solutions or coated with enzymes, some regions of the VasFluidic channels physically allow specific molecules to pass through the channel walls, while some chemically change liquid compositions. The results are reminiscent of glucose adsorption and metabolism processes in the human body.

"VasFluidics is quite different from the traditional fluidic systems. Channel walls of traditional devices are typically impermeable, and cannot work like real tissues to 'communicate' with fluids inside or outside the channel for fluid modulation." Yafeng Yu explained.

The reported technique combines 3D printing and self-assembly of soft materials. The research group prints one liquid within another immiscible liquid, assembling soft membranes on the liquid-liquid interface. Besides microfluidics-related research, Professor Shum's group also focuses on soft material assembly on the liquid interface. The theoretical and experimental basis of soft materials in their previous research paves the way for fabricating VasFluidic devices.

"VasFluidics has promising applications, especially for designing microtubule structures and bioinks. So it has great potential to be combined with cell engineering to develop artificial blood vessel models, which are expected to be used in biomedical applications, such as organ-on-chip and organoids," said Dr Yi Pan, a contributor to this research, previously a PhD student in Professor Shum's group, and currently an Associate Professor of the College of Medicine at the Southwest Jiaotong University.




Dr Wei Guo, another contributor to this research and a Research Assistant Professor in Professor Shum's group, added: "Apart from the scientific merits and potential biomedical applications of this work, it also sparks our imagination. The vascular tissue of the human body, an efficient transport system, has been refined over millions of years of evolution. By demonstrating the potential of synthetic systems like VasFluidics to reconstruct vascular tissue, this research represents a substantial advancement in our efforts to mimic and harness the extraordinary capabilities of nature's most precise and efficient systems."

Professor Shum's team has been focusing on cutting-edge microfluidic techniques to push the envelope in precise (bio)liquid control and efficient (bio)liquid sample analysis. Despite their progress in microfluidics-assisted biomedical applications, the research team refused to just settle on the traditional setups. By exploring and realising the potential of microfluidics for more efficient biofluid processing and analysis, the team realises that new paradigms in designing and fabricating fluidic devices are needed.

"Our long-term goal is to utilise microfluidics to develop ultra-sensitive analysis of human body fluids, to assist precision medicine against diseases, and to benefit human health." Professor Shum said.

Professor Shum foresees that the VasFluidics system will pioneer biomimetic platforms with complex fluid manipulation. "Potential biomedical applications are boundless. Examples are in-vitro modelling of biological fluid mechanics, biomolecule synthesis, drug screening, and disease modelling in organ-on-chips." He said.
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An epigenome editing toolkit to dissect the mechanisms of gene regulation | ScienceDaily
Understanding how genes are regulated at the molecular level is a central challenge in modern biology. This complex mechanism is mainly driven by the interaction between proteins called transcription factors, DNA regulatory regions, and epigenetic modifications -- chemical alterations that change chromatin structure. The set of epigenetic modifications of a cell's genome is referred to as the epigenome.


						
In a study just published in Nature Genetics, scientists from the Hackett Group at EMBL Rome have developed a modular epigenome editing platform -- a system to program epigenetic modifications at any location in the genome. The system allows scientists to study the impact of each chromatin modification on transcription, the mechanism by which genes are copied into mRNA to drive protein synthesis.

Chromatin modifications are thought to contribute to the regulation of key biological processes such as development, response to environmental signals, and disease.

To understand the effects of specific chromatin marks on gene regulation, previous studies have mapped their distribution in the genomes of healthy and diseased cell types. By combining this data with gene expression analysis and the known effects of perturbing specific genes, scientists have ascribed functions to such chromatin marks.

However, the causal relationship between chromatin marks and gene regulation has proved difficult to determine. The challenge lies in dissecting the individual contributions of the many complex factors involved in such regulation -- chromatin marks, transcription factors, and regulatory DNA sequences.

Scientists from the Hackett Group developed a modular epigenome editing system to precisely program nine biologically important chromatin marks at any desired region in the genome. The system is based on CRISPR -- a widely used genome editing technology that allows researchers to make alterations in specific DNA locations with high precision and accuracy.

Such precise perturbations enabled them to carefully dissect cause-and-consequence relationships between chromatin marks and their biological effects. The scientists also designed and employed a 'reporter system', which allowed them to measure changes in gene expression at single-cell level and to understand how changes in the DNA sequence influence the impact of each chromatin mark. Their results reveal the causal roles of a range of important chromatin marks in gene regulation.

For example, the researchers found a new role for H3K4me3, a chromatin mark that was previously believed to be a result of transcription. They observed that H3K4me3 can actually increase transcription by itself if artificially added to specific DNA locations. "This was an extremely exciting and unexpected result that went against all our expectations," said Cristina Policarpi, postdoc in the Hackett Group and leading scientist of the study. "Our data point towards a complex regulatory network, in which multiple governing factors interact to modulate the levels of gene expression in a given cell. These factors include the pre-existing structure of the chromatin, the underlying DNA sequence, and the location in the genome."

Hackett and colleagues are currently exploring avenues to leverage this technology through a promising start-up venture. The next step will be to confirm and expand these conclusions by targeting genes across different cell types and at scale. How chromatin marks influence transcription across the diversity of genes and downstream mechanisms, also remains to be clarified.

"Our modular epigenetic editing toolkit constitutes a new experimental approach to dissect the reciprocal relationships between the genome and epigenome," said Jamie Hackett, Group Leader at EMBL Rome. "The system could be used in the future to more precisely understand the importance of epigenomic changes in influencing gene activity during development and in human disease. On the other hand, the technology also unlocks the ability to program desired gene expression levels in a highly tunable manner. This is an exciting avenue for precision health applications and may prove useful in disease settings."
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Heavy snowfall and rain may contribute to some earthquakes | ScienceDaily
When scientists look for an earthquake's cause, their search often starts underground. As centuries of seismic studies have made clear, it's the collision of tectonic plates and the movement of subsurface faults and fissures that primarily trigger a temblor.


						
But MIT scientists have now found that certain weather events may also play a role in setting off some quakes.

In a study appearing today in Science Advances, the researchers report that episodes of heavy snowfall and rain likely contributed to a swarm of earthquakes over the past several years in northern Japan. The study is the first to show that climate conditions could initiate some quakes.

"We see that snowfall and other environmental loading at the surface impacts the stress state underground, and the timing of intense precipitation events is well-correlated with the start of this earthquake swarm," says study author William Frank, an assistant professor in MIT's Department of Earth, Atmospheric and Planetary Sciences (EAPS). "So, climate obviously has an impact on the response of the solid earth, and part of that response is earthquakes."

The new study focuses on a series of ongoing earthquakes in Japan's Noto Peninsula. The team discovered that seismic activity in the region is surprisingly synchronized with certain changes in underground pressure, and that those changes are influenced by seasonal patterns of snowfall and precipitation. The scientists suspect that this new connection between quakes and climate may not be unique to Japan and could play a role in shaking up other parts of the world.

Looking to the future, they predict that the climate's influence on earthquakes could be more pronounced with global warming.

"If we're going into a climate that's changing, with more extreme precipitation events, and we expect a redistribution of water in the atmosphere, oceans, and continents, that will change how the Earth's crust is loaded," Frank adds. "That will have an impact for sure, and it's a link we could further explore."

The study's lead author is former MIT research associate Qing-Yu Wang (now at Grenoble Alpes University), and also includes EAPS postdoc Xin Cui, Yang Lu of the University of Vienna, Takashi Hirose of Tohoku University, and Kazushige Obara of the University of Tokyo.




Seismic speed

Since late 2020, hundreds of small earthquakes have shaken up Japan's Noto Peninsula -- a finger of land that curves north from the country's main island into the Sea of Japan. Unlike a typical earthquake sequence, which begins as a main shock that gives way to a series of aftershocks before dying out, Noto's seismic activity is an "earthquake swarm" -- a pattern of multiple, ongoing quakes with no obvious main shock, or seismic trigger.

The MIT team, along with their colleagues in Japan, aimed to spot any patterns in the swarm that would explain the persistent quakes. They started by looking through the Japanese Meteorological Agency's catalog of earthquakes that provides data on seismic activity throughout the country over time. They focused on quakes in the Noto Peninsula over the last 11 years, during which the region has experienced episodic earthquake activity, including the most recent swarm.

With seismic data from the catalog, the team counted the number of seismic events that occurred in the region over time, and found that the timing of quakes prior to 2020 appeared sporadic and unrelated, compared to late 2020, when earthquakes grew more intense and clustered in time, signaling the start of the swarm, with quakes that are correlated in some way.

The scientists then looked to a second dataset of seismic measurements taken by monitoring stations over the same 11-year period. Each station continuously records any displacement, or local shaking that occurs. The shaking from one station to another can give scientists an idea of how fast a seismic wave travels between stations. This "seismic velocity" is related to the structure of the Earth through which the seismic wave is traveling. Wang used the station measurements to calculate the seismic velocity between every station in and around Noto over the last 11 years.

The researchers generated an evolving picture of seismic velocity beneath the Noto Peninsula and observed a surprising pattern: In 2020, around when the earthquake swarm is thought to have begun, changes in seismic velocity appeared to be synchronized with the seasons.




"We then had to explain why we were observing this seasonal variation," Frank says.

Snow pressure

The team wondered whether environmental changes from season to season could influence the underlying structure of the Earth in a way that would set off an earthquake swarm. Specifically, they looked at how seasonal precipitation would affect the underground "pore fluid pressure" -- the amount of pressure that fluids in the Earth's cracks and fissures exert within the bedrock.

"When it rains or snows, that adds weight, which increases pore pressure, which allows seismic waves to travel through slower," Frank explains. "When all that weight is removed, through evaporation or runoff, all of a sudden, that pore pressure decreases and seismic waves are faster."

Wang and Cui developed a hydromechanical model of the Noto Peninsula to simulate the underlying pore pressure over the last 11 years in response to seasonal changes in precipitation. They fed into the model meteorological data from this same period, including measurements of daily snow, rainfall, and sea-level changes. From their model, they were able to track changes in excess pore pressure beneath the Noto Peninsula, before and during the earthquake swarm. They then compared this timeline of evolving pore pressure with their evolving picture of seismic velocity.

"We had seismic velocity observations, and we had the model of excess pore pressure, and when we overlapped them, we saw they just fit extremely well," Frank says.

In particular, they found that when they included snowfall data, and especially, extreme snowfall events, the fit between the model and observations was stronger than if they only considered rainfall and other events. In other words, the ongoing earthquake swarm that Noto residents have been experiencing can be explained in part by seasonal precipitation, and particularly, heavy snowfall events.

"We can see that the timing of these earthquakes lines up extremely well with multiple times where we see intense snowfall," Frank says. "It's well-correlated with earthquake activity. And we think there's a physical link between the two."

The researchers suspect that heavy snowfall and similar extreme precipitation could play a role in earthquakes elsewhere, though they emphasize that the primary trigger will always originate underground.

"When we first want to understand how earthquakes work, we look to plate tectonics, because that is and will always be the number one reason why an earthquake happens," Frank says. "But, what are the other things that could affect when and how an earthquake happens? That's when you start to go to second-order controlling factors, and the climate is obviously one of those."

This research was supported, in part, by the National Science Foundation.
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Human activity is making it harder for scientists to interpret oceans' past | ScienceDaily
New research shows human activity is significantly altering the ways in which marine organisms are preserved, with lasting effects that can both improve and impair the fossil record.


						
"We are not only changing the environment; we're also changing the nature of the record that archives this information," said Michal Kowalewski, the Thompson chair of invertebrate paleontology at the Florida Museum of Natural History. "These changes can be both good and bad. On one hand, human activities can prevent the fossil record from preserving useful information about ongoing changes. In other situations, human actions can actually enhance the quality of the currently forming fossil record, thereby providing more information."

If not properly accounted for, these effects on the fossil record can lead to misinterpretation of data vital for conservation efforts. Humans began altering ecosystems long before they began systematically studying them. In many places, the only way scientists can know what an ecosystem looked like before the arrival of humans is to look back at the recent fossil record.

"We use fossils in conservation to understand the transition from natural, pristine environments to the ones we have today," Kowalewski said. When scientists know what a degraded ecosystem looked like before it was altered, they know what to aim for when trying to restore it.

Kowalewski and his colleagues specialize in marine paleoecology and co-authored the study with a focus on fossil beds in the world's oceans. In these environments, the authors say, there are several interconnected factors that influence fossilization, including the rate at which sediment accumulates on the seafloor, the extent to which animals burrow through the sediment, the depth at which remains are buried and how quickly certain fossils disintegrate over time.

All of these factors can and have been influenced by humans. The practice of bottom trawling, in which a net is dragged along the seafloor, mixes and churns sediment, infusing it with oxygen that breaks down organic remains.

On a global scale, bottom trawling is estimated to kick up as much sediment into the water column as is deposited into oceans from all of the world's rivers.




"I was surprised when working on this study that the impacts of bottom trawling are so widespread," said lead author Rafal Nawrot, a paleontologist at the University of Vienna. Nawrot studies changes in marine ecosystems that have occurred since the last ice age, a field in which knowing the various factors that help or hinder fossilization is critical.

He recounted one study in which he and colleagues found a distinct lack of large shells from sediment cores drilled into the seafloor. "Given what we now know about the intensity of trawling in some of the areas we were working in, this pattern may just be an artifact of their removal by nets dragged through the seafloor."

Alterations to the fossil record can be indirect as well. Local extinctions caused by human activity and the introduction of invasive species can both prevent and improve the process of fossilization. The authors give the example of red king crabs (Paralithodes camtschaticus), which were intentionally introduced to the Barents Sea between Russia and Finland in the 1960s. There they had few natural predators, and their population exploded. Red king crabs eat just about anything they can get their claws on and crush the shells of their prey. This caused a steep reduction in the number of burrowing invertebrates, which oxygenate sediments.

Fewer burrowing organisms mean less oxygen in the sediment, which means better preservation. But more shell-crushing crabs means there are fewer shells capable of being preserved. Without the right historical context, future paleontologists trying to sort out this sequence of events may walk away flummoxed.

These and other human-driven changes can be especially difficult to interpret because they mimic natural processes like erosion or species migrations. In some cases, human activity can erase fossil archives entirely or confound research efforts by adding tons of foreign material to an environment.

"Certain processes don't occur naturally at all, like beach replenishment," Kowalewski said. When portions of a beach are washed away by hurricanes or rising sea levels, local authorities often pay for ships to haul sediment from deep-water environments -- where natural erosion is negligible -- to the shoreline, fossils and all.




In other cases, the fossils themselves are the target for relocation.

"Oysters that lived hundreds of thousands of years ago may be removed from one area and added to the modern seafloor of another to facilitate restoration of present-day oyster reefs," Kowalewski said.

So how do scientists begin to disentangle the various natural and human forces that influence fossilization? It's complicated, Nawrot said. "It depends on the goal of the study, but there are ways to circumvent these problems."

One strategy that's recently become more feasible to implement is radiocarbon dating. Scientists use this method to estimate the age of relatively young fossils, but until recently high costs meant it could only be used sparingly. When analyzing a sediment core drilled in modern seafloors, in which organisms at the top may be thousands of years younger than those at the bottom, researchers would typically select only a few fossils for radiocarbon dating. This provided reliable information but poor resolution, and if the sediment had been unknowingly mixed by bottom trawling, the results could be misleading.

"You wouldn't be aware of this problem unless you sampled multiple specimens per layer, which isn't a widespread approach. We think it should be used much more often," Nawrot said.

Researchers will also need to get more creative with the types of statistical analyses they use to interpret data. These sorts of methods take time to develop and test, but they're slowly becoming more common, and scientists are inching closer to a better understanding of how humans affect the historical archive of life on Earth.

"Changes in the geological record can be fingerprints of human activity and may themselves reveal something about the history of an ecosystem," Kowalewski said.

Martin Zuschin of the University of Vienna, Adam Tomasovych of the Slovak Academy of Sciences, and Daniele Scarponi of the Universita di Bologna are also co-authors of the study.
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Climate resilience strategies in urban, rural areas | ScienceDaily
Local decision-makers looking for ways to reduce the impact of heat waves on their communities have a valuable new capability at their disposal: a new study on vegetation resilience.


						
Scientists at the Department of Energy's Oak Ridge National Laboratory completed a study of how well vegetation survived extreme heat events in both urban and rural communities across the country in recent years. The analysis informs pathways for climate mitigation, including ways to reduce the effect of urban heat islands.

Vegetation such as trees provide a valuable cooling effect, shading surfaces and deflecting solar radiation while releasing moisture into the atmosphere through evapotranspiration -- the process in which plants absorb water through their roots and release it as water vapor through their leaves.

The study, published in the journal PNAS Nexus, is the first nationwide accounting of vegetation resilience that takes into account the influence of human-built infrastructure. Using machine learning methods, ORNL researchers examined about two decades' worth of satellite and other data covering 85 large cities and surrounding rural areas. The team found that impervious surfaces such as roads and other infrastructure, moisture conditions and type of land cover affect vegetation resilience. They also evaluated how vegetation is impacted by the intensity, duration and timing of heat waves.

The data provide crucial insights into how ecosystems can be guarded against climate change, including pathways to counteract the influence of urban heat islands and to improve the stewardship of natural resource areas, said Jiafu Mao, ORNL Earth system modeling scientist and the project's lead.

"The empirical evidence we provide from this research can help urban planners better understand which plants are more vulnerable to heat waves and stressors such as water availability in the local environment, guiding decisions about plant selection and location and urban design improvements," Mao said. "The study suggests that preserving and enhancing vegetation could significantly contribute to urban sustainability, air quality improvements and the well-being of residents."

The work extends ORNL's research on climate impacts in urban and rural ecosystems. In a previous study, Mao and colleagues found that while all regions of the country can expect an earlier start to the growing season as temperatures rise, the trend is likely to become more variable year over year in hotter regions. The research found a trend of accelerated spring budding and blooming of plants in rural areas as temperatures rise, for instance, but suggested the trend will slow as warming continues.




Identifying patterns to guide local decision-making

The new vegetation resilience study described in PNAS Nexus revealed a general trend of increased early greening in response to warmer temperatures in traditionally cooler months. But as temperatures soared and heat persisted, vegetation greening often significantly declined, said Yaoping Wang, an ORNL postdoctoral research associate and first author on the paper. The study identified a temperature of 2 degrees Celsius or higher above the historical summer average persisting for four months or more as the threshold for the most significant effects on greening.

Findings varied with local ecosystem characteristics. For instance, urban vegetation was found more resilient in the western United States than in the East during the analysis period, mainly because of higher urban growth temperatures and better irrigation practices in the West, the scientists noted.

"Our analysis is the first large-scale quantification of urban and rural differences in vegetation and its resilience to extreme events across the contiguous U.S., capturing these very broad patterns on environmental change," Wang said. Future investigations that capture more high-quality data would benefit both urban planners and ecosystem modelers, she added.

The project provides valuable data on the complex interactions between biological and environmental factors at multiple scales over time, down to a 1-kilomenter resolution, Mao said. The information has also been used to fine-tune the land surface component that ORNL stewards for the DOE Energy Exascale Earth System Model, which simulates how the world may change in future climate scenarios.

The analysis used the Daymet4 database of daily land surface weather and climatological summaries, part of the ORNL Distributed Active Archive Center maintained for NASA's Earth Science Data and Information System project. Scientists also leveraged the MODIS Enhanced Vegetation Index from NASA and the National Land Cover Database, maintained by the U.S. Geological Survey. The researchers used the random forest machine learning algorithm and other methods in their analysis, as well as the high-performance computing resources of the Oak Ridge Leadership Computing Facility, a DOE Office of Science user facility.
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Pore pressure diffusion led to microseismicity at Illinois basin carbon sequestration site | ScienceDaily
Pore pressure diffusion generated by carbon dioxide injected underground at a carbon storage site in the Illinois Basin is the likely cause of hundreds of microearthquakes that took place at the site between 2011 and 2012, according to a new analysis.


						
The modeling study published in the Bulletin of the Seismological Society of America indicates that pressure diffusion along existing faults into the basement rock could have destabilized the faults where the microseismicity -- ranging from Mw -2 to 1 -- occurred, said Ruben Juanes of MIT and colleagues.

There are some similarities between CO2 injection and wastewater injection from oil and gas operations, although globally the volumes of injected wastewater so far exceed that of injected CO2. Wastewater injection has induced small to moderate-sized earthquakes around the world, however, making it important to study how CO2 injection produces seismicity and whether it might also induce larger earthquakes.

The new findings confirm the importance of characterizing subsurface faults in places selected for CO2 sequestration, the researchers note.

The first injection period at the Illinois Basin-Decatur Project (IBDP) ran from November 2011 to November 2014, during which time one million tons of CO2 were injected to a depth of 2 kilometers underground. The researchers focused on the first year of CO2 injection at the project.

The IBDP injection layer is separated from the basement rock by a sandstone layer that is not very porous or permeable, leading researchers to wonder how CO2 injection could have reached the basement to trigger seismicity.

The model created by Juanes and colleagues shows that changes in rock pore pressure from the injection traveled along faults that connected the injection layer and the basement.




"During fluid injection, the pore pressure increases at the injection well and diffuses away from the well because of fluid migration. This is analogous to how temperature 'diffuses away' from hot areas to cold areas," Juanes explained. "As a result of this pressure increase, the effective stress on a fault will decrease, resulting in the destabilization of the fault."

Fluid injection can also expand rock, in a mechanism called poroelastic stress. The deforming rock can lead to stress changes that either destabilize or stabilize faults. In the IBDP case, the poroelastic effect stabilized the faults, Juanes and colleagues found.

Their analysis also suggests that the faults hosting the microearthquakes were very close to failing prior to CO2 injection. Characterizing these small faults -- where they are and how close they are to failure -- poses a significant challenge to carbon sequestration projects, Juanes noted.

"The main challenge is that remote sensing methods rely mostly on propagation of seismic waves through the surface," said Josimar Silva, first author of the study and a postdoc at MIT during the project. "Seismic waves attenuate rapidly for distances away from the source, and therefore have limited resolution when they reach the depths of interest."

One way to illuminate smaller faults at a carbon storage site might be to start with small-scale injection, he added.

"CO2 injection at Decatur is a good example. The first period of injection, the one we analyzed in the paper, led to hundreds of microearthquakes. The second period of injection, which took place at a shallower depth and not as close to the faulted basement, resulted in virtually no seismicity," Juanes said.

Injection rates in CO2 projects have been "much, much lower" than wastewater injection rates in the 2000s and 2010s, said Juanes, which might explain why moderate-sized induced seismicity hasn't been seen at carbon sequestration projects.

"But another explanation is that generally, better subsurface characterization has been done for CO2 sequestration prior to injection than in the early days of geologic wastewater disposal, where it was common to inject into, or very close to, the faulted basement rock," he added.
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Rock steady: Study reveals new mechanism to explain how continents stabilized | ScienceDaily
Ancient, expansive tracts of continental crust called cratons have helped keep Earth's continents stable for billions of years, even as landmasses shift, mountains rise and oceans form. A new mechanism proposed by Penn State scientists may explain how the cratons formed some 3 billion years ago, an enduring question in the study of Earth's history.


						
The scientists reported today (May 8) in the journal Nature that the continents may not have emerged from Earth's oceans as stable landmasses, the hallmark of which is an upper crust enriched in granite. Rather, the exposure of fresh rock to wind and rain about 3 billion years ago triggered a series of geological processes that ultimately stabilized the crust -- enabling the crust to survive for billions of years without being destroyed or reset.

The findings may represent a new understanding of how potentially habitable, Earth-like planets evolve, the scientists said.

"To make a planet like Earth you need to make continental crust, and you need to stabilize that crust," said Jesse Reimink, assistant professor of geosciences at Penn State and an author of the study. "Scientists have thought of these as the same thing -- the continents became stable and then emerged above sea level. But what we are saying is that those processes are separate."

Cratons extend more than 150 kilometers, or 93 miles, from the Earth's surface to the upper mantle -- where they act like the keel of a boat, keeping the continents floating at or near sea level across geological time, the scientists said.

Weathering may have ultimately concentrated heat-producing elements like uranium, thorium and potassium in the shallow crust, allowing the deeper crust to cool and harden. This mechanism created a thick, hard layer of rock that may have protected the bottoms of the continents from being deformed later -- a characteristic feature of cratons, the scientists said.

"The recipe for making and stabilizing continental crust involves concentrating these heat-producing elements -- which can be thought of as little heat engines -- very close to the surface," said Andrew Smye, associate professor of geosciences at Penn State and an author of the study. "You have to do that because each time an atom of uranium, thorium or potassium decays, it releases heat that can increase the temperature of the crust. Hot crust is unstable -- it's prone to being deformed and won't stick around."

As wind, rain and chemical reactions broke down rocks on the early continents, sediments and clay minerals were washed into streams and rivers and carried to the sea where they created sedimentary deposits like shales that were high in concentrations of uranium, thorium and potassium, the scientists said.




Collisions between tectonic plates buried these sedimentary rocks deep in the Earth's crust where radiogenic heat released by the shale triggered melting of the lower crust. The melts were buoyant and ascended back to the upper crust, trapping the heat-producing elements there in rocks like granite and allowing the lower crust to cool and harden.

Cratons are believed to have formed between 3 and 2.5 billion years ago -- a time when radioactive elements like uranium would have decayed at a rate about twice as fast and released twice as much heat as today.

The work highlights that the time when the cratons formed on the early middle Earth was uniquely suited for the processes that may have led them to becoming stable, Reimink said.

"We can think of this as a planetary evolution question," Reimink said. "One of the key ingredients you need to make a planet like Earth might be the emergence of continents relatively early on in its lifespan. Because you're going to create radioactive sediments that are very hot and that produce a really stable tract of continental crust that lives right around sea level and is a great environment for propagating life."

The researchers analyzed uranium, thorium and potassium concentrations from hundreds of samples of rocks from the Archean period, when the cratons formed, to assess the radiogenic heat productivity based on actual rock compositions. They used these values to create thermal models of craton formation.

"Previously people have looked at and considered the effects of changing radiogenic heat production through time," Smye said. "But our study links rock-based heat production to the emergence of continents, the generation of sediments and the differentiation of continental crust."

Typically found in the interior of continents, cratons contain some of the oldest rocks on Earth, but remain challenging to study. In tectonically active areas, mountain belt formation might bring rocks that had once been buried deep underground to the surface.




But the origins of the cratons remain deep underground and are inaccessible. The scientists said future work will involve sampling ancient interiors of cratons and, perhaps, drilling core samples to test their model.

"These metamorphosed sedimentary rocks that have melted and produced granites that concentrate uranium and thorium are like black box flight recorders that record pressure and temperature," Smye said. "And if we can unlock that archive, we can test our model's predictions for the flight path of the continental crust."

Penn State and the U.S. National Science Foundation provided funding for this work.
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Damaging impact of heat waves on vital organs | ScienceDaily
Researchers from the University of California, Irvine have found evidence of the molecular causes of the damaging impact heat stress causes on the gut, liver and brain in the elderly. These findings point to the potential of developing precise prognostic and therapeutic interventions.


						
These organs have a complex and multidirectional communication system that touches everything from our gastrointestinal tract to the nervous system. Whether it is our brain affecting hunger or the liver influencing mental health, understanding the gut-liver-brain communication or "axis" is crucial to protecting human health.

Their study, which was conducted on mouse models, is published in thejournal Scientific Reports, a Nature Portfolio journal. It is one of the first to fill the knowledge gap on the effects of heat stress on a molecular level of this crucial biological conversation.

"Inflammation in the brain and spine contributes to cognitive decline, compromises the ability to form new neurons and exacerbates age-related diseases," said corresponding author, Saurabh Chatterjee, a professor of environmental & occupational health at the UC Irvine Program in Public Health. "By investigating the effects of heat stress on the gut-liver-brain crosstalk, we can better protect our increasingly vulnerable aging population."

Using RNA analysis and bioinformatics to analyze elderly, heat-stressed mice, Chatterjee and his team found evidence of heat stress-affected genes in the brain and liver. A significant increase in the production of ORM2, a liver-produced protein, was observed in the heat-stressed mice. The control group of unstressed mice did not show a change, providing proof of organ dysfunction in the heat-stressed mice.

Researchers believe that increased secretion of ORM2 is a coping mechanism that may be due to gut inflammation and imbalance. In addition, ORM2 may impact the brain through a leaky blood-brain barrier, emphasizing intricate multi-organ crosstalk.

Additionally, the study shows the potential to use ORM2 for targeted biomarker interventions to prevent liver disease in heat exposure. This observation advances molecular insights into the pathophysiology of adverse heat events and will serve as a foundation for future research.

"Our findings have the potential to be used for the development of prognostic and therapeutic markers for precise interventions," said Chatterjee. "In a dynamically changing global landscape, the imminent threat of climate change is evident in rising temperatures, raising concerns about intermittent heat waves. Our heating planet is undoubtedly leading to acute and chronic heat stress that harms the health of our aging population."

Additional authors from UCI Public Health include members of the Environmental Health and Disease Laboratory: doctoral students Subhajit Roy (the first author), Punnag Saha, Dipro Bose, Ayushi Trivedi and Madhura More; and Christina Lin, Jie Wu and Melanie Oakes with the UCI genomics high-throughput facility.

A grant from the National Institute of Environmental Health Sciences and a Veterans Affairs Merit award provided study support.
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New record holder for smallest dispersers of ingested seeds: Woodlice | ScienceDaily
Even bugs as small as woodlice can disperse seeds they eat, setting a new record for smallest animal recorded to do so. The Kobe University discovery underscores the crucial yet often overlooked role that small invertebrates play in ecosystems.


						
Many plants offer fruit to animals so that they also eat the seeds and deposit them at a farther-off place after they have passed through the animal's digestive tract. For this to work smoothly, plant seeds need to be findable by and attractive to the potential disseminator, robust enough to not be damaged in the process, and small and smooth enough to actually pass through. Considering that seeds of some plants can be as small as dust particles, it is surprising that so far, almost exclusively mammals and birds have been studied as hosts for their dispersal.

"Our group recognized the potential for discovering novel ecological interactions by investigating the roles of less conspicuous organisms such as small invertebrates," says Suetsugu Kenji, a Kobe University botanist specializing on the complex relationships between plants and their dispersers. He and his team focused on the small, non-photosynthesizing, fungi-eating "silver dragon plant" found across East Asia, known for its minuscule, robust seeds in a fleshy fruit, but where little was known about its method of dispersal. During the fruiting season of the plant, they took automated photographs of the plants at regular intervals at night and identified which animals ate most of the fruit. They then conducted feeding experiments on these species and subsequent viability analyses on the seeds to ascertain whether the plant's seeds can pass through their digestive tracts intact.

In the journal Plants, People, Planet, the team now published their discovery that camel crickets ate more than half of the fruit and also showed the highest viability rate of the passed seeds. To their surprise, woodlice and earwigs also consumed significant amounts of the seeds and showed a reasonable seed survival rate of over 30 percent, setting a new record for the respectively smallest and most light-weight animals to partake in dispersing seeds after ingesting them.

"Organisms known primarily as seed predators can also engage in mutualistic associations with plants as seed dispersers. Therefore, the behavior of earwigs and woodlice in destroying some seeds during ingestion does not necessarily render them antagonists," write the Kobe University team in their paper. Rather, being able to rely on a greater variety of seed-dispersing animals probably benefits the plant, as this would allow its seeds to be carried to more diverse environments. This makes it more likely for the plant seedling to encounter the fungi it needs for its own sustenance, the researchers argue.

Suetsugu comments on the significance of these findings: "The identification of novel seed dispersal agents among small invertebrates prompts a reevaluation of conservation strategies, emphasizing the importance of preserving diverse habitats that support a wide range of species, including those previously considered ecologically insignificant. We aim to investigate whether similar dispersal mechanisms exist for other plant species, potentially uncovering a widespread ecological phenomenon that has been largely overlooked."

The research was conducted in collaboration with researchers from Hokkaido University and the Ishikawa Prefectural University.
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An adjuvant made in yeast could lower vaccine cost and boost availability | ScienceDaily
Adjuvants make vaccines more effective, though one of the best is an expensive extract from the soap bark tree. To lower the cost and avoid the laborious extraction process from bark, UC Berkeley and Berkeley Lab synthetic biologists introduced 38 separate genes into yeast to recreate the synthesis of the active molecule, a complex chemical, QS-21, that has a terpene core and numerous sugars. This may be the longest biosynthetic pathway ever inserted into yeast.


						
Vaccines save lives, as shown during the recent pandemic, but one component of most vaccines -- including the Novavax COVID-19 vaccine -- goes unheralded: a molecule or other compound that primes the immune system to mount a more robust defense against infection.

These so-called adjuvants are added in small quantities but have a big protective effect, particularly in infants with immature immune systems and older people with a declining immune response.

Yet, one of the strongest adjuvants, an extract of the Chilean soap bark plant, is so difficult to produce that it costs several hundred million dollars per kilogram (2.2 pounds).

University of California, Berkeley, and Lawrence Berkeley National Laboratory (Berkeley Lab) scientists have now wielded the power of synthetic biology to produce the active ingredient of soap bark, a molecule called QS-21, in yeast. Producing compounds like this in yeast is not only cheaper, but more environmentally friendly, avoiding many of the caustic and toxic chemicals needed to extract the compound from plants.

While yields from the yeast-based process are still small -- a few hundred dollars' worth from a liter of broth -- the feat promises to make one of the most effective adjuvants available more broadly and to lower the cost of vaccines, in general.

"During the pandemic, public health officers were really worried about QS-21 adjuvant availability because that only comes from one tree," said Jay Keasling, UC Berkeley professor of chemical and biomolecular engineering and senior faculty scientist at Berkeley Lab. "From a world health perspective, there's a lot of need for an alternative source of this adjuvant."

The production of QS-21 involved the insertion of 38 different genes from six organisms into yeast -- building one of the longest biosynthetic pathways ever transplanted into any organism, Keasling said.




"The production of the potent vaccine adjuvant QS-21 in yeast highlights the power of synthetic biology to address both major environmental, as well as human, health challenges," said former UC Berkeley postdoctoral fellow Yuzhong Liu, first author of the paper and now an assistant professor at Scripps Research in La Jolla, California.

The results will be published May 8 in the journal Nature.

Building upon malaria work

The benefit of adding an adjuvant to a vaccine was first noted in the 1920s, when alum -- an aluminum salt -- was discovered to boost the effectiveness of a diphtheria vaccine. Alum has since been added to many vaccines that use a portion of a pathogen -- though not the infectious part -- to induce immunity. Because adjuvants make vaccines more effective, they also allow doctors to use smaller doses of the active ingredient, called an antigen.

Not long after alum was discovered to boost the effectiveness of vaccines, a group of soap-like molecules was found to do the same. By the 1960s, researchers had focused on an extract of the Chilean soapbark tree (Quillaja saponaria) that strongly activates different components of the immune system to amplify the effect of giving a vaccine antigen alone. For the last 25 years, one component of that extract -- QS-21 -- has been one of the main non-aluminum adjuvants in vaccines, having been tested in more than 120 clinical trials. It is found in the shingles vaccine (Shingrix) given to older adults, a malaria vaccine (Mosquirix) currently used in children to protect against the parasite Plasmodium falciparum, and the Novavax SARS-COVID-19 vaccine.

QS-21 is produced today by stripping bark from the tree and chemically extracting and separating its many compounds, some of which are toxic. Though QS-21 is a complex molecule containing a terpene core and eight sugar molecules, it has been synthesized in the laboratory. But that synthesis takes 79 separate steps, starting from an intermediate chemical that itself has to be synthesized.




Keasling, who is the CEO of the U.S. Department of Energy-funded Joint BioEnergy Institute (JBEI) in Emeryville, Calif., was asked to try to recreate the synthesis process in yeast because he has worked for years adding genes to yeast to get them to make terpene compounds, among them artemisinin, an antimalarial drug, but also scents and flavorings. Terpene compounds, like those responsible for the scent of pine trees, are often fragrant.

"This work builds on our malaria work," he said. "We worked on the malaria therapy. Now, this could be an adjuvant for the malaria vaccines in the future."

Adding the eight sugars proved challenging, as did balancing unsuspected interactions among enzymes in yeast. All this had to be accomplished without throwing off critical metabolic pathways that are needed for yeast growth.

"It has eight sugars and a terpenoid in the middle. I mean, it makes the artemisinin biosynthetic pathway look like nothing," Keasling said. "I am gratified that synthetic biology has come so far that we can now build a pathway to produce a molecule like QS-21. It's a testament to how far the field has progressed in the last two decades."

He and his lab colleagues, led by postdoctoral fellow Liu, worked closely with plant researcher Anne Osbourn at the John Innes Center in the United Kingdom. Osbourn had earlier teased out the many enzymatic steps involved in the soapbark tree's production of natural QS-21. Over the past five years, as Osbourn discovered new steps in the process and tested them in tobacco plants, Keasling's lab gradually added these new genes to yeast to replicate the synthetic steps.

"It was a great collaboration, because as soon as she'd get a new gene in the pathway, they'd send it our way, and we'd put it into yeast," Keasling said. "It was also good for her, because she got a test of whether her tobacco assay was telling her the right thing."

'Everything from a single sugar'

Earlier this year, Osbourn and Keasling published the complete 20-step process by which the soapbark tree makes QS-21, reconstituted in tobacco. Unfortunately, tobacco is a test bed for plant chemistry, but not a scalable way to produce a chemical compound.

The new paper reconstitutes that process in yeast, with additional steps added because yeast do not contain some enzymes that naturally exist in plants. Currently, a liter of the fermenting bioengineered yeast can produce about 100 micrograms of QS-21 in three days, with a market value of about $200. But yeast biosynthesis is scalable.

"Even at the levels we're producing it, it's cheaper than producing it from the plant," Keasling said.

The engineered yeast subsist only on sugar, which is an added advantage, he said.

"My whole thing is, I want to make everything from a single sugar. I just want to feed yeast glucose, because eventually we want this process to be scaled. And if you feed them a bunch of fancy intermediates, then it's going to result in a process that is not scalable," Keasling said. "In the end, I'd like to start with glucose, so when the production is performed in large tanks, they're able to produce QS-21 as easily and inexpensively as possible."

While Keasling plans to leave optimization of the process for large-scale production to others, he does hope to tweak the enzymatic steps he has introduced into yeast to produce variants of QS-21 that could potentially be more effective than QS-21. And yeast biosynthesis allows him to experiment with pruning the QS-21 molecule to see which portions can be eliminated without altering the molecule's effectiveness.

The research was funded by an industrial grant.
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Marine bacteria team up to produce a vital vitamin | ScienceDaily
A German-American research team led by microbiologist Dr Gerrit Wienhausen from the University of Oldenburg (Germany) has come an important step closer to a better understanding of highly complex interactions between marine microorganisms. The researchers conducted various experiments to analyse the interaction between two species of marine bacteria from the North Sea in the synthesis of vitamin B12, and have now published their findings in the scientific journal Nature.


						
Vitamin B12 is a vital but scarce commodity in the sea (and elsewhere). It is essential not only for the metabolism of the two bacteria investigated in this study, but for many other marine organisms. "Half of all algal species cannot survive without this vitamin," Wienhausen explains. Yet like humans, algae cannot produce B12 themselves. So the researchers from the University of Oldenburg and the Scripps Institution of Oceanography in San Diego (USA) were eager to take a closer look at B12 synthesis in marine bacteria.

While certain bacterial strains are known as vitamin B12 producers, this research project focused on two strains of the Roseovarius and Colwellia genera that each produce just one of the two building blocks of vitamin B12, meaning that they can only synthesise the substance in cooperation with each other. "It's fascinating how complex the interactions between bacteria can be," emphasises Wienhausen with reference to the new study, which was conducted as part of the Roseobacter Collaborative Research Centre headed by Oldenburg microbiologist Prof. Dr Meinhard Simon, who also co-authored the current publication.

Complex interactions between two strains of bacteria

Using complex lab experiments and cutting-edge analytical tools, the researchers were able to explore the interactions between the two bacterial strains in detail. According to their findings, bacteria of the Colwellia strain M166 synthesise the smaller building block for vitamin B12 and release it into the surrounding water. For their part, the bacteria of the Roseovarius strain M141 not only produce the larger building block -- which is the main component -- but are also able to synthesise the B12 that both bacterial strains require from the combination of the two building blocks.

However, the Roseovarius strain doesn't release the vitamin on its own, but only once Colwellia activates a virus encoded in the bacterial genome of its co-producer and the virus multiplies. The resulting viral infection causes some of the affected Roseovarius bacteria to burst, and vitamin B12 is released alongside the virus, thus becoming available to Colwellia (and possibly other marine organisms, too). "This fine-tuned cross-feeding of metabolic building blocks and products may not only be relevant in marine microbial communities but also in other ecosystems," the researchers from the Oldenburg Institute for Chemistry and Biology of the Marine Environment (ICBM) and the Scripps Institution of Oceanography report in Nature.

"We were able to demonstrate for the first time that two bacteria only synthesise B12 in cooperation with each other," says Wienhausen. "Such a complex form of interaction between bacteria was previously unknown."

More than 60 researchers from Oldenburg, Braunschweig, Gottingen and Bonn investigated the bacteria of the Roseobacter group over the past 13 years within the Transregional Collaborative Research Centre (CRC) Roseobacter, which is funded by the German Research Foundation (DFG). These bacteria are found in all marine habitats -- from the tropics to the polar seas and from the sea surface to the deep sea. Among other achievements, the researchers have discovered many new strains and described their distribution and functional biogeography in the world's oceans for the first time. More than 280 scientific articles based on research conducted within the context of the CRC have been published to date.
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Scientists find ancient, endangered lamprey fish in Queensland, 1400 km north of its previous known range | ScienceDaily

As larvae, the Australian brook lamprey lives buried in the bottom of streams for around three years, filter-feeding. Its adult phase is about one year long, in which it doesn't feed at all. Prior to this study -- funded in part by the Australian Government through the National Environmental Science Program's (NESP) Resilient Landscapes Hub -- the species was widely believed to only live in a few streams along a 170 km stretch of coastline near the NSW/Victoria border.

The study began after another exciting discovery: Dr Luke Carpenter-Bundhoo from the Australian Rivers Institute at Griffith University found the species living in streams on K'gari (Fraser Island). To unravel the mystery of Queensland lampreys, Dr Carpenter-Bundhoo teamed up with David Moffatt from DESI, who had found isolated populations of lamprey in other Queensland streams.

Together, they confirmed reports of Australian brook lamprey in Queensland, including as far north as Rockhampton! With this enormous extension of its geographic range, Australian brook lamprey becomes the only lamprey species in the world to live in truly tropical waters.

"It's quite exciting to find an Endangered species so far out of its known range, yet so close to populated areas. We expect these animals naturally occur in Queensland, and have been here for an awfully long time, but have remained hidden due to their cryptic nature," said Mr Moffatt.

The Australian brook lamprey is thought to be extinct where it was first described, in southern NSW. Its existence is thought to be threatened by sedimentation, wildfires, and human developments.

Perhaps the biggest threat to their conservation is that they're very difficult to identify -- this species truly faces a case of mistaken identity. For most of their life, the non-parasitic Australian brook lamprey is indistinguishable from its more common blood-sucking southern relative, the short-headed lamprey (Mordacia mordax), which has a conservation status of 'Least Concern'.




Add to this the fact that, globally, only a few people can tell them apart.

In their new Endangered Species Research article, Dr Carpenter-Bundhoo and Mr Moffatt outline the difficulties of implementing a conservation strategy for this fish and propose some solutions.

The species' conservation is especially important, given projected sea levels rises mean that many of the lowland freshwater coastal streams where Australian brook lamprey live are likely to become saltwater.

With these new findings, scientists will be better equipped to conserve this unusual and Endangered species.

The surveys were partially funded by a NESP project which aims to restore ecosystem health in the Moonaboola (Mary River) catchment area of south-east Queensland and protect threatened species like the Australian lungfish, the Mary River cod and the giant barred frog.
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Acceptance of animals in urban environments | ScienceDaily
How do city residents feel about animals in their immediate surroundings? A recent study by the Technical University of Munich (TUM), the University of Jena and the Vienna University of Technology shows how different the acceptance of various wild animals in urban areas is. Important factors are the places where the animals are found and their level of popularity -- squirrels and ladybugs come out on top here. The results have important implications for urban planning and nature conservation.


						
The relationship between city inhabitants and urban animals is complex, as the study shows. The researchers conducted a survey to find out how Munich residents rate 32 urban animal species and where in the city they would prefer to see them. In general, respondents liked most of the animals. 23 of the 32 animal species received positive approval ratings. The majority of birds and mammals were very popular. The respondents also rated arthropods, lizards and frogs positively. Exceptions were martens, rats, wasps, slugs and urban pigeons. Cockroaches were the least popular. Respondents had a neutral attitude towards ants, spiders and snakes.

Acceptance depends on the animal and its location

According to the survey, all animals have a place in the city -- except for the very few, very unpopular species. In the survey, city residents were able to choose from various locations in different proximity to their homes where the animals should be found. In most cases, participants placed the animals in urban areas such as their neighborhood, city parks, in the city in general and in the surrounding countryside. In contrast, they rarely mentioned their immediate living environment, such as in the garden, on the balcony or in the apartment. Participants placed some animals, such as squirrels and ladybugs, in all or almost all locations. They placed many species in several locations, while three species were often not placed at all: Cockroaches, rats and slugs. "It turns out that city residents' preferences for locations clearly correlate with their attitudes towards animals," explains researcher Dr. Fabio Sweet. The animals that were generally more popular were on average placed closer to home by the respondents.

Planning cities for people and animals

Prof. Wolfgang Weisser, head of the Chair of Terrestrial Ecology, emphasizes: "Increasing urbanization makes it necessary to actively care for animals in the city and to design urban development accordingly. If we know where people prefer or dislike certain animals, we can anticipate potential points of conflict. This allows us to identify places where species conservation in cities is accepted by people." The results show, for example, that human-wildlife conflicts are unlikely in city parks because the animals are accepted by most people there. Animals are also tolerated in the wider residential environment. Conversely, wildlife protection in the immediate proximity of the living space, such as the balcony, could meet with resistance.

Measures to promote urban biodiversity are most successful when they are not only ecologically sensible but also socially acceptable. It is therefore necessary to combine knowledge about the way these animals live and people's acceptance of them. In this way, urban planning can simultaneously promote animal welfare in cities and avoid conflicts between humans and animals.
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Limited adaptability makes freshwater bacteria vulnerable to climate change | ScienceDaily
Freshwater bacteria with small genomes frequently undergo prolonged periods of adaptive stagnation. Based on genomic analyses of samples from Lake Zurich and other European lakes, researchers at the University of Zurich uncovered specific evolutionary strategies that shape these bacteria's lifestyles. Understanding the evolutionary dynamics of aquatic microbial communities is key to safeguarding ecosystem services.


						
Freshwater resources are limited, accounting for only 3.5% of Earth's water, with just 0.25% accessible on the surface. Nevertheless, freshwater lakes are essential for ecosystem functioning and global carbon cycling due to their high biological productivity and microbial activity. They are critical to human survival, providing drinking water, supporting agriculture, fisheries, and recreation. However, climate change -- particularly rising temperatures -- threatens these habitats by disrupting microbial communities that are essential for nutrient cycling and water quality maintenance.

Challenging established evolutionary paradigms

"Considering the essential roles bacterial species play in freshwater environments and their vital ecological functions, understanding their adaptive capacity to changing environmental conditions is crucial for ecosystem resilience and sustainable resource management," says Adrian-Stefan Andrei. He is head of the Microbial Evogenomics Laboratory at the Department of Plant and Microbial Biology of the University of Zurich (UZH). His research team analyzed time-series samples from five European freshwater lakes, collected between 2015 and 2019: Lake Zurich, Lake Thun and Lake Constance in Switzerland, along with the Rimov Reservoir and Jiricka Pond in the Czech Republic.

"Although niche adaptation is the main evolutionary mechanism driving population diversification and the emergence of new species, our results surprisingly show that many abundant freshwater bacteria with small genomes often experience extended periods of adaptive standstill," says Andrei. This stalling of adaptive processes challenges the conventional expectation that microbial species can adapt to changing environmental conditions. "Given the vital functions these microbial communities play in freshwater systems, our study underscores the importance of understanding the limits of bacterial adaptability," the researcher adds.

Secreted proteins as indicators of evolutionary adaptation

Bacteria adapt to their environments by utilizing specialized proteins, which can be secreted into the surrounding medium or bound to their cell membranes. These proteins play crucial roles in nutrient uptake, interbacterial communication, and the detection of and response to environmental stimuli. The adaptability of bacteria typically relies on the genetic diversity within the genes encoding these proteins. The researchers, however, now show that in abundant freshwater bacteria with reduced genome sizes, there is surprisingly little variation in these genes, indicating a phase of adaptive stagnation. These bacteria may therefore face challenges in adapting to changing environmental conditions.

Limited ability to adapt to changing environments

"Our observations suggest that these bacteria have likely achieved fitness peaks by reaching ideal protein structures and activity levels," says Andrei. Their proteomes have already attained an optimal state through the course of evolution, where further major changes are neither advantageous nor necessary for the organisms to survive and adapt to their current niches. This inherent inflexibility limits the ability of these organisms to explore new genetic variation and effectively adapt to dynamic environmental conditions. "This knowledge is crucial as we navigate the escalating impacts of climate change, which significantly threatens freshwater habitats -- environments especially susceptible to anthropogenic changes," concludes Adrian-Stefan Andrei.
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Natural compounds that selectively kill parasites | ScienceDaily
An international team led by researchers at the University of Toronto has found a family of natural compounds with potential as new and more effective treatments for parasitic worms. The compounds stall the unique metabolic process that worms use to survive in the human gut.


						
Parasitic worms transmitted through soil wreak havoc in developing countries in the tropics. Infection by these parasites leads to malaise, weakness, malnutrition and other debilitating symptoms, and can cause developmental defects in children and impair their growth.

"Soil-transmitted parasitic worms infect over one billion people around the world, typically in low-income communities of developing countries without comprehensive health care and infrastructure for sanitation," said Taylor Davie, first author on the study and PhD student at U of T's Donnelly Centre for Cellular and Biomolecular Research. "Parasites are becoming less susceptible to the few anthelmintic drugs available, so there's an urgent need to find new compounds."

The study was published today in the journal Nature Communications.

Many parasitic worm species live out a large portion of their life cycle inside a human host. To adapt to the environmental conditions of the gut, particularly a lack of oxygen, the parasite switches to a type of metabolism that depends on a molecule called rhodoquinone (RQ).

The parasite can survive inside its human host for many months using RQ-dependent metabolism.

The research team chose to target the adaptive metabolic process of the parasitic worm because RQ is only present in the parasite's system -- humans do not produce or use RQ. Therefore, compounds that can regulate the molecule's production or activity would selectively kill the parasite, with no harm done to the human host.




The researchers conducted a screen of natural compounds isolated from plants, fungi and bacteria on the model organism C. elegans. While it is not a parasite, this worm also depends on RQ for metabolism when oxygen is not available.

"This is the first time that we have been able to screen for drugs that specifically target the unusual metabolism of these parasites," said Andrew Fraser, principal investigator on the study and professor of molecular genetics at the Donnelly Centre and the Temerty Faculty of Medicine.

"The screen was only possible because of recent progress made by our group and others in using C. elegans to study RQ-dependent metabolism, and our collaboration with RIKEN, one of Japan's biggest research agencies. We screened their world-class collection of 25,000 natural compounds, resulting in our discovery of a family of benzimidazole compounds that kills worms relying on this type of metabolism."

The researchers suggest a multi-dose regimen using the newly discovered family of compounds to treat parasitic worms. While a single-dose treatment is easier to facilitate in mass drug administration programs, a longer treatment program would eliminate the parasite more effectively.

"We are very pleased with the results of the study, which made use of our library," said Hiroyuki Osada, professor of pharmacy at the University of Shizuoka and group director of the Chemical Biology Research Group at the RIKEN Center for Sustainable Resource Science.

"The study shows the power of the screening approach, allowing researchers in this case to search through a very large number of molecules within a focused collection of natural products. Screens are very efficient, which is key for addressing urgent research questions of global relevance like this one."

Next steps for the research team are to refine the new class of inhibitors through additional in vivo testing with parasitic worms, which will be performed by the Keiser lab at the University of Basel in Switzerland, and to continue screening for compounds that inhibit RQ.

"This study is just the beginning," said Fraser. "We have found several other very powerful compounds that affect this metabolism, including, for the first time, a compound that blocks the ability of the worms to make RQ. We hope our screens will deliver drugs to treat major pathogens around the world."

This research was supported by the Canadian Institutes of Health Research and the European Molecular Biology Organization.
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Swarms of miniature robots clean up microplastics and microbes, simultaneously | ScienceDaily
When old food packaging, discarded children's toys and other mismanaged plastic waste break down into microplastics, they become even harder to clean up from oceans and waterways. These tiny bits of plastic also attract bacteria, including those that cause disease. In a study in ACS Nano, researchers describe swarms of microscale robots (microrobots) that captured bits of plastic and bacteria from water. Afterward, the bots were decontaminated and reused. 


						
The size of microplastics, which measure 5 millimeters or less, adds another dimension to the plastic pollution problem because animals can eat them, potentially being harmed or passing the particles into the food chain that ends with humans. So far, the health effects for people are not fully understood. However, microplastics themselves aren't the only concern. These pieces attract bacteria, including pathogens, which can also be ingested. To remove microbes and plastic from water simultaneously, Martin Pumera and colleagues turned to microscale robotic systems, comprised of many small components that work collaboratively, mimicking natural swarms, like schools of fish.

To construct the bots, the team linked strands of a positively charged polymer to magnetic microparticles, which only move when exposed to a magnetic field. The polymer strands, which radiate from the surface of the beads, attract both plastics and microbes. And the finished products -- the individual robots -- measured 2.8 micrometers in diameter. When exposed to a rotating magnetic field, the robots swarmed together. By adjusting the number of robots that self-organized into flat clusters, the researchers found that they could alter the swarm's movement and speed.

In lab experiments, the team replicated microplastics and bacteria in the environment by adding fluorescent polystyrene beads (1 micrometer-wide) and actively swimming Pseudomonas aeruginosa bacteria, which can cause pneumonia and other infections, to a water tank. Next, the researchers added microrobots to the tank and exposed them to a rotating magnetic field for 30 minutes, switching it on and off every 10 seconds. A robot concentration of 7.5 milligrams per milliliter, the densest of four concentrations tested, captured approximately 80% of the bacteria. Meanwhile, at this same concentration, the number of free plastic beads also gradually dropped, as they were drawn to the microrobots. Afterward, the researchers collected the robots with a permanent magnet and used ultrasound to detach the bacteria clinging to them. They then exposed the removed microbes to ultraviolet radiation, completing the disinfection. When reused, the decontaminated robots still picked up plastic and microbes, albeit smaller amounts of both. This microrobotic system provides a promising approach for ridding water of plastic and bacteria, the researchers note.

The authors acknowledge funding from the European Regional Development Fund/Europeal Social Fund project TECHSCALE, the REFRESH program of the European Union and CzechNanoLab.
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Why is breaking down plant material for biofuels so slow? | ScienceDaily
Cellulose, which helps give plant cell walls their rigid structure, holds promise as a renewable raw material for biofuels -- if researchers can accelerate the production process. Compared to the breakdown of other biofuel materials like corn, breaking down cellulose is slow and inefficient but could avoid concerns around using a food source while taking advantage of abundant plant materials that might otherwise go to waste. New research led by Penn State investigators has revealed how several molecular roadblocks slow this process.


						
The team's most recent study, published in the Proceedings of the National Academy of Sciences, describes the molecular process by which cellobiose -- a two-sugar fragment of cellulose that is made during cellulose deconstruction -- can clog up the pipeline and interfere with subsequent cellulose breakdown.

Biofuel production relies on the breakdown of compounds like starch or cellulose into glucose, which can then be efficiently fermented into ethanol for use as a fuel or converted into other useful materials. The predominant biofuel option on the market today is generated from corn, in part because, the researchers said, their starches break down easily.

"There are several concerns about using corn as a biofuel source, including competing with the global food supply and the large quantity of greenhouse gasses produced when generating corn-based ethanol," said Charles Anderson, professor of biology in the Penn State Eberly College of Science and an author of the paper. "A promising alternative is to break down cellulose from the non-edible parts of plants like corn stalks, other plant waste like forestry residue, and potentially dedicated crops that could be grown on marginal land. But one of the major things holding back so-called second-generation biofuels from being economically competitive is that the current process to break down cellulose is slow and inefficient."

We have been using a relatively new imaging technique to explore the molecular mechanisms that slow down this process."

Cellulose is composed of chains of glucose, held together by hydrogen bonds into crystalline structures. Scientists use enzymes called cellulases, derived from fungi or bacteria, to break down plant material and extract the glucose from the cellulose. But, the researchers said, cellulose's crystalline structure paired with other compounds called xylan and lignin -- also present in cell walls -- provide additional challenges to the cellulose breakdown. Traditional techniques, however, were unable to reveal the specific molecular mechanisms of these slowdowns.

To explore these unclear mechanisms, the researchers chemically tagged individual cellulases with fluorescent markers. They then used Penn State's SCATTIRSTORM microscope, which the team designed and built for this very purpose, to trace the molecules through each step of the breakdown process and interpreted the resulting videos using computational processing and biochemical modeling.




"Traditional methods observe the breakdown process at a larger scale, artificially manipulate the position of the enzyme or only capture molecules in motion, which means you may miss some of the naturally occurring process," said Will Hancock, professor of biomedical engineering in the Penn State College of Engineering and an author of the paper. "Using the SCATTIRSTORM microscope, we were able to watch individual cellulase enzymes in action to really get at what is slowing down this process and generate new ideas for how to make it more efficient."

The researchers specifically studied the effect of a fungal cellulase enzyme called Cel7A. As part of the breakdown process, Cel7A feeds cellulose into a sort of molecular tunnel, where it is chopped up.

"Cel7A moves the glucose chain to the 'front door' of the tunnel, the chain is cleaved, and the products come out the 'back door' in a sort of pipeline," said Daguan Nong, assistant research professor of biomedical engineering in the Penn State College of Engineering and first author of the paper. "We aren't exactly sure how the enzyme threads the glucose chain to the tunnel or what exactly goes on inside, but we knew from previous studies that the product that comes out the back door, cellobiose, can interfere with the processing of subsequent cellulose molecules. Now, we know more about how it is interfering."

Within the tunnel, Cel7A chops up cellulose -- which has repeating units of glucose -- into two-sugar cellobiose fragments. The researchers found that cellobiose in solution can bind to the "back door" of the tunnel, which can slow down the exit of subsequent cellobiose molecules as it essentially blocks the way. Additionally, they found that it can bind to Cel7A near the front door, preventing the enzyme from binding to additional cellulose.

"Because cellobiose is so similar to cellulose, it's maybe not surprising that the little pieces can get into the tunnel," Hancock said. "Now that we have a better understanding of how exactly cellobiose is mucking things up, we can explore new ways to fine tune this process. For example, we could alter the front or the back door of the tunnel or change aspects of the Cel7A enzyme to be more efficient at preventing this inhibition. There has been a lot of work to engineer more efficient cellulase enzymes over the last two decades, and it's an incredibly powerful approach. Having a better understanding of the molecular mechanisms that limit cellulose degradation will help us direct this effort."

This research builds off recent work by the research team to understand other roadblocks to the degradation process -- xylan and lignin -- which they published recently in RSC Sustainability and Biotechnology for Biofuels and Bioproducts.




"We found that xylan and lignin operate in different ways to interfere with the breakdown of cellulose," said Nerya Zexer, postdoctoral researcher in biology in the Penn State Eberly College of Science and lead author of the RSC Sustainability paper. "Xylan coats the cellulose, reducing the proportion of the enzymes that can bind to and move cellulose. Lignin inhibits the enzyme's ability to bind to cellulose as well as its movement, reducing the velocity and distance of the enzyme."

Although strategies exist to remove components like xylan and lignin from the cellulose, the researchers said the removal of cellobiose is more difficult. One method uses a second enzyme to cleave cellobiose, but it adds additional cost and complexity to the system.

"About 50 cents per gallon of bioethanol production costs is dedicated just to enzymes, so minimizing this cost would do a lot in terms of making bioethanol from plant waste more competitive with fossil fuels or corn-based ethanol," Anderson said. "We will continue to investigate how to engineer enzymes and explore how enzymes might work together with the goal of making this process as low-cost and efficient as possible."

The research team at Penn State also includes Zachary Haviland, undergraduate student majoring in biomedical engineering at the time of the research; Sarah Pfaff, graduate student in biology at the time of the research; Daniel Cosgrove, Holder of the Eberly Family Chair in Biology; Ming Tien, professor emeritus of biochemistry and molecular biology; and Alec Paradiso, undergraduate student majoring in biotechnology.

Funding from the U.S. Department of Energy (DOE) and the U.S. National Science Foundation supported this work, including the construction of the SCATTIRSTORM microscope. Additional support was provided by the Center for Lignocellulose Structure and Formation, an Energy Frontier Research Center funded by the DOE.
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It flickers, then it tips -- study identifies early warning signals for the end of the African humid period | ScienceDaily
Tipping points in the climate system can be the result of a slow but linear development. However, they can also be accompanied by a "flickering," with two stable climatic states that alternate before a final transition occurs -- and the climate tips permanently. A study by the research team around Potsdam geoscientist Prof. Dr. Martin H. Trauth confirms this for the end of the African Humid Period and the transition to the pronounced aridity that is typical today.


						
The researchers analyzed several sediment cores measuring up to 280 meters from the Chew Bahir Basin in southern Ethiopia, which act as a "record" of 620,000 years of East African climate history. The results of the study, which have just been published in "Nature Communications," show that at the end of the African Humid Period, intense dry and wet events alternated regularly over a period of around 1,000 years before a dry climate prevailed around 5,000 years ago. A better understanding of the various tipping points and, above all, their typical early warning signals could prove essential for further climate change research and modeling.

The transition from the African Humid Period (AHP) to dry conditions in North Africa is the clearest example of climate tipping points in recent geological history. They occur when small perturbations trigger a large, non-linear response in the system and shift the climate to a different future state, usually with dramatic consequences for the biosphere. That was also the case in North Africa, where the grasslands, forests, and lakes favored by humans disappeared, causing them to retreat to areas like the mountains, oases, and the Nile Delta. This development is of particular relevance for researchers, not least because it is an impressive example of how quickly and extensively climate change can affect human societies.

Climate researchers have identified two main types of tipping points: With the first type, processes slow at an increasing rate and the climate has a hard time recovering from disturbances until a transition occurs. The second type is characterized by a flickering between stable humid and dry climates that occurs shortly before the transition. "The two types of tipping points differ with regard to the early warning signals that can be used to recognize them," explains Martin Trauth. "Researching and better understanding them is important if we want to be able to predict possible future climate tipping points caused by humans. While the slowdown seen in the first type of tipping point leads to a decrease in variability, autocorrelation, and skewness, the flickering in the second type leads to the exact opposite -- and, in some cases, to the impending tipping point not being recognized."

In the large-scale project, led by Martin Trauth together with colleagues from the Universities of Cologne, Aberystwyth, and Addis Ababa and funded, among others, by the German Research Foundation (DFG), researchers are analyzing lake sediments obtained by means of scientific deep drilling in the Chew Bahir Basin, a former freshwater lake in eastern Africa. "For the current study, six shorter (9 to 17 meters) and two long (292 meters) drill cores were evaluated, which can be used to reconstruct the past 620,000 years of climate history in the region," explains Dr. Verena Forster-Indenhuck from the University of Cologne.

"At the end of the AHP, we observed at least 14 dry events in the short cores from Chew Bahir, each of which lasted 20-80 years and recurred at intervals of 160+-40 years," says Trauth. "Later in the transitional phase, starting in 6,000 BC, seven wet events occurred in addition to the dry events, which were of a similar duration and frequency. These high-frequency, extreme wet-dry events represent a pronounced 'climate flickering' that can be simulated in climate models and can also be observed in earlier climate transitions in the environmental records from Chew Bahir. This indicates that transitions with flickering are characteristic of this region."

The fact that very similar transitions can also be found in the older sections of the sediment cores also supports this. In particular, the changeover from humid to dry climate around 379,000 years ago looks like a perfect copy of the transition at the end of the African Humid Period. "This is interesting because this transition was natural, so to speak, as it occurred at a time when human influence on the environment was negligible," says co-author Prof. Stefanie Kaboth-Bahr of Freie Universitat Berlin. Thus, there are many arguments against human activity leading to an accelerated end of the AHP, as proposed by American colleagues. Conversely, people in the region where undoubtedly affected by the climate tipping: The traces of settlement in the Nile valley at the end of the African Humid Period attract millions of tourists to the region every year.
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Chimps learn and improve tool-using skills even as adults, study finds | ScienceDaily
Chimpanzees continue to learn and hone their skills well into adulthood, a capacity that might be essential for the evolution of complex and varied tool use, according to a study publishing May 7 in the open-access journal PLOS Biology by Mathieu Malherbe of the Institute of Cognitive Sciences, France and colleagues.


						
Humans have the capacity to continue learning throughout our entire lifespan. It has been hypothesized that this ability is responsible for the extraordinary flexibility with which humans use tools, a key factor in the evolution of human cognition and culture. In this study, Malherbe and colleagues investigated whether chimpanzees share this feature by examining how chimps develop tool techniques as they age. The authors observed 70 wild chimps of various ages using sticks to retrieve food via video recordings collected over several years at Tai National Park, Cote d'Ivoire. As they aged, the chimps became more skilled at employing suitable finger grips to handle the sticks. These motor skills became fully functional by the age of six, but the chimps continued to hone their techniques well into adulthood. Certain advanced skills, such as using sticks to extract insects from hard-to-reach places or adjusting grip to suit different tasks, weren't fully developed until age 15. This suggests that these skills aren't just a matter of physical development, but also of learning capacities for new technological skills continuing into adulthood.

Retention of learning capacity into adulthood thus seems to be a beneficial attribute for tool-using species, a key insight into the evolution of chimpanzees as well as humans. The authors note that further study will be needed to understand the details of the chimps' learning process, such as the role of reasoning and memory or the relative importance of experience compared to instruction from peers.

The authors add, "In wild chimpanzees, the intricacies of tool use learning continue into adulthood. This pattern supports ideas that large brains across hominids allow continued learning through the first two decades of life."
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Efficacy of solar panels boosted | ScienceDaily
Solar energy is a crucial asset in the fight against climate change, and researchers at the University of Ottawa have devised a smart approach to optimize its effectiveness. Their innovative method includes incorporating artificial ground reflectors, a simple yet powerful enhancement.


						
The researchers found that by integrating these reflectors into solar setups, they could improve the system's energy production and efficiency, making such projects more economically viable. This discovery is significant in assessing the costs and benefits of using artificial reflectors in solar energy ventures.

To study how reflective ground covers affect solar energy output, the University of Ottawa's SUNLAB, led by electrical engineering Professor Karin Hinzer, who is also vice-dean, research of the Faculty of Engineering, collaborated with the National Renewable Energy Laboratory (NREL) in Golden, Colorado, a world leader in clean energy research, development, and deployment. The study, which was conducted by electrical engineering doctoral candidate Mandy Lewis in Golden, Colorado, found that placing reflective surfaces under solar panels can increase their energy output by up to 4.5%.

"We found that highly reflective white surfaces can boost solar power output," explains Mandy Lewis, the paper's lead author. "Critically, these reflectors should be placed directly under the solar panels, not between rows, to maximize this benefit."

Unlocking solar potential in Canada and beyond

These findings are particularly significant in Canada, where snow cover persists for three-to four months of the year in major cities like Ottawa and Toronto, and 65% of the country's vast landmass experiences snow cover for over half the year. Bifacial solar systems, paired with high ground reflectivity, offer tremendous potential in these regions. Additionally, given that approximately 4% of the world's land areas are classified as sandy deserts, this finding has global applications.

According to Lewis, "this research is crucial for maximizing solar energy production in geographically diverse locations. Furthermore, by generating more power per unit of land area, reflectors are ideal for densely populated areas, like city centres, where space limitations exist for solar installations."

This study marks the beginning of a new international research collaboration between the University of Ottawa and NREL. The project was funded by the National Sciences and Engineering Research Council of Canada (NSERC), Ontario Graduate Scholarships (OGS), and the US Department of Energy (DoE), underscoring the importance of collaborative efforts in advancing renewable energy technologies.

Global impact in facilitating the transition to clean energy

This research will contribute significantly to the global transition to zero-emission power sources. These findings hold particular value for Canada and other countries that are typically cloudy, since power gains of 6.0% were observed in cloudy Seattle compared to 2.6% in arid Tucson.
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US geographic region results in vastly different anal cancer risk for people with HIV | ScienceDaily
A new study that followed a cohort of more than 110,000 people establishes significant disparities in the risk of anal cancer for people with HIV and for men who have sex with men with HIV, depending on the region of the country they live in.


						
It's known that people with HIV have the highest risk of anal cancer, said lead author Ashish A. Deshmukh, Ph.D., co-leader of the Cancer Control Research Program at MUSC Hollings Cancer Center.

But this study, published in the Journal of the National Cancer Institute on May 7, is the first to show vast geographic disparities in anal cancer risk and an association with opportunistic illnesses and co-morbidities, like diabetes, chronic kidney disease and cardiovascular disease, for people with HIV.

Almost all cases of anal cancer are caused by the human papillomavirus (HPV). It seems that there's some as-yet-unknown effect, such as inflammation, in people with co-morbidities that allows the HPV to gain a foothold and cause cancer to develop, the paper notes.

People with HIV have a greater relative risk of anal cancer compared with people without HIV, no matter where they live. But the study showed that the relative risk varies across the country -- it's higher for people with HIV in the Midwest or South than the West or Northeast.

"In the Northeast, the risk for people with HIV compared to people without HIV is 16-fold higher," Deshmukh said. "But for people with HIV in the Midwest, the risk increases to almost 47.5-fold, reaching nearly 100-fold for men who have sex with men with HIV."

Deshmukh has a few preliminary theories about the causes of these differences but cautioned that this study doesn't attempt to determine the reasons.




"The objective was to understand whether there are disparities and what may be important risk factors," he said. The results of this study provide the foundation for further research into the causes underlying these disparities.

However, he noted that screening rates for anal cancer are relatively higher in the Northeast and West. New York state, for example, stands out as the only state with established guidelines for anal cancer screening, a rarity given the absence of national guidelines and the lack of specific protocols in other states for this relatively rare cancer, among the general population.

Various professional societies have begun to develop screening guidelines. In fact, Deshmukh contributed to the recent International Anal Neoplasia Society's consensus guidelines, published in January.

Those guidelines started with the premise of beginning screening at specific ages based on risk -- for example, beginning screening at age 35 for men with HIV who have sex with men and 45 for women with HIV and other men with HIV.

However, this new study suggests that guidelines should consider risk factors like previous opportunistic illnesses or having had a CD4 count below 200. CD4 count is the number of CD4 T-cells, a type of white blood cell, in the blood. A count above 500 is considered healthy, but a count below 200 can trigger an AIDS diagnosis.

Deshmukh said that he hopes to see the U.S. Preventive Services Task Force develop guidelines for anal cancer screening. The task force previously determined that there wasn't enough information about the risk-benefit balance of anal cancer screening to issue guidelines, Deshmukh said.




However, his ongoing research will provide direct evidence quantifying the potential harms versus benefits of screening for anal cancer among people with HIV.

"We hope that the U.S. Preventive Services Task Force will again take on this topic and evaluate the evidence once we have more data on the harms and benefits of anal cancer screening," he said.

The current paper notes that anal cancer among people with HIV appears to be on the decline. However, it warns that geographic disparities could increase if the differences in screening activity remain.

This work was supported by grants from the National Institutes of Health and the Canadian Institues of Health Research. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health or the Centers for Disease Control and Prevention.
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Researchers show that slow-moving earthquakes are controlled by rock permeability | ScienceDaily
Earthquakes are the most dramatic and noteworthy results of tectonic plate movement. They are often destructive and deadly, or at the very least physically felt -- they're literally groundbreaking geological events. However not all tectonic movement results in effects that humans can perceive.


						
Slow slip events occur when pent up tectonic forces are released over the course of a few days or months, like an earthquake unfolding in slow motion. The more gradual movement means people won't feel the earth shaking beneath their feet and buildings won't collapse. But the lack of destruction does not make slow slip events less scientifically important. In fact, their role in the earthquake cycle may help lead to a better model to predict when earthquakes happen.

In a paper published recently in Geophysical Research Letters, a Jackson School of Geosciences research group led by Harm Van Avendonk, Nathan Bangs and Nicola Tisato explores how the makeup of rocks, specifically their permeability -- or how easily fluids can flow through them -- affects the frequency and intensity of slow slip events.

In 2019 and 2022, the group traveled to New Zealand's North Island to collect rocks from several outcrops near the Hikurangi Margin. This is a subduction zone off New Zealand's coast where slow slip events occur routinely, about once a year. The researchers brought back a cache of rocks to UT, where they tested their permeability and elastic properties.

Their tests showed how pores in the rocks could control the regular slow slip events at this subduction zone. Previous studies have suggested that a layer of impermeable rock at the top of the descending tectonic plate serves as a sealed lid, trapping fluid in the pores of underlying rock layers. As fluid accumulates beneath the seal, the pressure builds, eventually becoming high enough to trigger a slow slip event or earthquake. This event then breaks the impermeable seal, temporarily fracturing the rocks, allowing them to soak up fluids. Within a few months, the rocks heal and return to their initial permeability, and the cycle starts all over again.

In studying this cycle, Tisato and other researchers tested rocks from nearby surface outcrops which were once part of the earthquake fault deep underground. Previous permeability studies have been performed only on loose sediments that have been consolidated into solid rock.

"We are showing for the first time, using rocks that are representative of those at depth, that permeability is controlling (slow slip events)," he said.




Laura Wallace, a researcher at the University of Texas Institute for Geophysics and GEOMAR in Germany, has been studying slow slip events for more than 20 years, and was the first person to record slow slip events occurring in the Hikurangi Margin. She said that this paper adds more data points to inform the time scales over which the fault zone permeability changes can take place, possibly influencing the observed slow slip event cycles.

"It adds some additional data constraints on how this fault-valve process might work, how fluid cycling could work at the subduction zone -- if that's indeed what's driving the cyclicity of these things," Wallace said.

The ultimate goal of this research, Tisato said, is to understand why earthquakes happen and to eventually build a convincing model that can even predict them, a code scientists have yet to crack.

He and graduate student Jacob Allen are currently analyzing rock samples from the center of the margin and testing for differences in permeability. The rocks at the northern end of this subduction zone are richer in clays than those at the southern end. Because clays are malleable and can accommodate a lot of water and other fluids, they are ideally suited to trap, fracture and channel those fluids. That could explain why slow slip events on the northern end of the subduction zone happen frequently, whereas they occur rarely on the southern end, Tisato said.

"We have to go through the exercise of understanding why in the north of the Hikurangi Margin there are slow slips, and why in the south of the Hikurangi Margin we have fewer slow slips," Tisato said. "Because if we understand that, then we have an additional step to go towards the prediction."

Three graduate students from the Jackson School of Geosciences also contributed to this paper: Carolyn Bland, Kelly Olsen, and Andrew Gase.
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Intermittent fasting protects against liver inflammation and liver cancer | ScienceDaily
Fatty liver disease often leads to chronic liver inflammation and can even result in liver cancer. Scientists from the German Cancer Research Center (DKFZ) and the University of Tubingen have now shown in mice* that intermittent fasting on a 5:2 schedule can halt this development. The fasting regime reduces the development of liver cancer in mice with pre-existing liver inflammation. The researchers identified two proteins in liver cells that are jointly responsible for the protective effect of fasting. An approved drug can partially mimic this effect.


						
The most common chronic liver condition is non-alcoholic fatty liver disease. It can have serious consequences: If left untreated, it can lead to liver inflammation (metabolic dysfunction-associated steatohepatitis, MASH), liver cirrhosis and even liver cancer. Fatty liver disease is largely considered to be a direct consequence of obesity. It is not only people in Europe and the USA who have put on enormous amounts of weight in recent decades; obesity is also becoming increasingly widespread in emerging countries such as India and China. As a result, the number of cases of liver failure and liver cancer is rising sharply in the countries affected.

"The vicious circle of an unhealthy diet, obesity, liver inflammation and liver cancer is associated with major restrictions and suffering for those affected and also represents a considerable burden on healthcare systems," says Mathias Heikenwalder, DKFZ and University of Tubingen. "We have therefore investigated whether simple dietary changes can specifically interrupt this fatal process."

Intermittent fasting has already been shown in several studies to be an effective means of reducing weight and alleviating certain metabolic disorders. Heikenwalder's team has now tested in mice whether this approach can also protect the liver from fatty degeneration and chronic inflammation.

Resistance to liver inflammation is independent of calorie intake

The animals were fed with a high-sugar and high-fat diet correspondind to the typical Western diet. One group of mice had constant access to the food. As expected, these animals gained weight and body fat and developed chronic liver inflammation.

The mice in the other group were given nothing to eat on two days a week (5:2 intermittent fasting, or 5:2 IF for short), but were allowed to eat as much as they wished on the other days. Despite the high-calorie diet, these animals did not put on weight, showed fewer signs of liver disease and had lower levels of biomarkers that indicate liver damage. In short, they were resistant to the development of MASH.




Interestingly, resistance to the development of a fatty liver was independent of the total calorie intake, as the animals immediately made up for the lost rations after the end of the fasting periods.

When experimenting with different variants of intermittent fasting, it was found that several parameters determine protection against liver inflammation: The number and duration of fasting cycles play a role, as does the start of the fasting phase. A 5:2 dietary pattern works better than 6:1; 24-hour fasting phases better than 12-hour ones. A particularly unhealthy diet requires more frequent dieting cycles.

Heikenwalder's team now wanted to find out the molecular background of the response to fasting. To this end, the researchers compared protein composition, metabolic pathways and gene activity in the liver of fasting and non-fasting mice. Two main players responsible for the protective fasting response emerged: the transcription factor PPARa and the enzyme PCK1. The two molecular players work together to increase the breakdown of fatty acids and gluconeogenesis and inhibit the build-up of fats.

"The fasting cycles lead to profound metabolic changes, which together act as beneficial detoxification mechanisms and help to combat MASH," says Heikenwalder, summarizing the molecular details.

The fact that these correlations are not just a mouse phenomenon was shown when tissue samples from MASH patients were examined: Here, too, the researchers found the same molecular pattern with reduced PPAR a and PCK1. Are PPAR a and PCK1 actually responsible for the beneficial effects of fasting? When both proteins were genetically switched off simultaneously in the liver cells of the mice, intermittent fasting was unable to prevent either chronic inflammation or fibrosis.

The drug pemafibrate mimics the effects of PPARa in the cell. Can the substance also mimic the protective effect of fasting? The researchers investigated this question in mice. Pemafibrate induced some of the favorable metabolic changes that were observed with 5:2 fasting. However, it was only able to partially mimic the protective effects of fasting. "This is hardly surprising, as we can only influence one of the two key players with pemafibrate. Unfortunately, a drug that mimics the effects of PCK1 is not yet available," explains Mathias Heikenwalder.




Intermittent fasting as liver therapy 

While Heikenwalder and his team initially focused on the effects of intermittent fasting on the prevention of MASH, they then investigated whether the 5:2 diet could also alleviate existing chronic liver inflammation.

To this end, the team examined mice that had developed MASH after months of being fed a high-sugar, high-fat diet. After a further four months of 5:2 intermittent fasting (on the same diet), these animals were compared with the non-fasting control group. The fasting mice had better blood values, less fatty liver and liver inflammation and above all: they developed less liver cancer and had fewer cancer foci in the liver.

"This shows us that 5:2 intermittent fasting has great potential -- both in the prevention of MASH and liver cancer, as well as in the treatment of established chronic liver inflammation," summarizes principal investigator Heikenwalder. "The promising results justify studies in patients to find out whether intermittent fasting protects against chronic liver inflammation as well as in the mouse model."

The 5:2 fasting regimen is popular. It is considered comparatively easy to integrate into everyday life, as the fasting days can be tailored to personal needs and no specific foods are prohibited. "Nevertheless, there will always be people who can't stick to a strict diet in the long term," says Heikenwalder. "That's why we want to continue to investigate which combinations of drugs we can use to fully mimic the protective effects of fasting."

Publication:

Suchira Gallage, Adnan Ali, Jose Efren Barragan Avila, Nogayhan Seymen, Pierluigi Ramadori, Vera Joerke, Laimdota Zizmare, Jan Kosla, Xin Li, Enrico Focaccia, Suhail Yousuf, Tjeerd Sijmonsma, Mohammad Rahbari, Katharina S. Kommoss, Adrian Billeter, Sandra Prokosch, Ulrike Rothermel, Florian Mueller, Jenny Hetzer, Danijela Heide, Tim Machauer, Nisar P. Malek, Thomas Longerich, Adam J. Rose, Susanne Roth, Johannes Schwenck, Christoph Trautwein, Mohammad M Karimi, Mathias Heikenwalder: PPAR alpha agonist pemafibrate recapitulates aspects of hepatic fasting response

* Why was it necessary to study mice for this experiments?

A high-calorie, unbalanced diet and a sedentary lifestyle are contributing to the sharp rise in the proportion of obese people in many parts of the world. Obesity also increases the risk of a whole range of secondary diseases for those affected, including cardiovascular diseases, metabolic diseases, cancer and joint problems. Understanding these correlations and, ideally, intervening in a targeted manner is an extremely important research goal.

Several organs and organ systems are jointly involved in the development of obesity-related health consequences. The liver, pancreas, brain, lymphatic organs and fatty tissue work together here, which cannot be simulated in the culture dish. The intestine can also play a role in the development of MASH. The spontaneous development of liver cancer from a fatty liver can therefore only be recapitulated and investigated if all these factors interact.

Also crucial is the influence of immune cells that migrate from the periphery of the body into the fatty liver, are activated there and migrate back into the body, where they interact with the fatty tissue. This can only be investigated in an intact organism. Experiments with mice are also necessary to understand which length of fasting periods achieves the most favorable health results in the context of the circadian (day/night) rhythm.
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Bee body mass, pathogens and local climate influence heat tolerance | ScienceDaily
How well bees tolerate temperature extremes could determine their ability to persist in a changing climate. But heat tolerance varies between and within populations, so a research team led by Penn State entomologists examined bee physical traits -- such as sex differences in body mass -- to understand how these traits interact with environmental conditions, pathogens and other factors.


						
In a study published recently in Ecology and Evolution, the researchers measured body mass, local climate and pathogen intensity to assess how these factors influence heat tolerance and its population-level variation among individuals of the species Xenoglossa pruinosa, commonly known as the hoary squash bee. They found that variation in heat tolerance was influenced by size, sex and infection status of the bees.

"Small-bodied, ectothermic -- or cold-blooded -- insects are considered to be highly vulnerable to changing climate because their ability to maintain proper body temperature depends on external conditions," said study author Laura Jones, who led the research as a doctoral candidate in ecology at Penn State and is now a postdoctoral fellow at the University of Texas at Austin. "Understanding how organisms tolerate temperature extremes is critical for assessing the threat climate change poses to species' distribution and persistence."

Jones noted that there is growing interest in studying the heat tolerance and acclimation capacity of ectotherms in the face of changing abiotic conditions such as ambient temperature.

"But few studies have examined biotic impacts, such as pathogen infection, on thermal tolerance in natural populations in combination with abiotic factors," she explained. "In addition, physical traits such as body size or fat content can impact how organisms tolerate temperature, so it's vital to consider individual condition, as well as the abiotic and biotic factors that individuals experience in natural environments, when evaluating the heat tolerance of populations."

A pollinator of cucurbit crops such as squash and pumpkin, the hoary squash bee is a solitary species that exhibits sex differences in physiology and behavior, according to the researchers. Females are larger than males and collect pollen for offspring in the morning through midday. The females nest underground, which buffers them from variations in air temperature, although soil texture may affect the degree of thermal buffering as sandy soils have a lower heat capacity.

The males, in contrast, are smaller, forage only for nectar, and buffer themselves from heat by retreating into wilted flowers after they finish foraging at midday. So, males are exposed to more variable ambient temperatures than females during the day and night.




The researchers hypothesized that the bees' heat tolerance would increase with body size; that male heat tolerance would increase with ambient temperatures above ground whereas female heat tolerance would increase with sandier soils; and that parasite infection would reduce heat tolerance.

To test these hypotheses, the researchers collected squash bees from 14 sites across Pennsylvania that varied in mean temperature, precipitation and soil texture. They measured individuals' critical thermal maximum -- the temperature above which an organism cannot function -- as a proxy for heat tolerance and determined the relative intensities of three parasite groups: protozoan parasite trypanosomes, bacterial pathogen Spiroplasma apis and microsporidian parasite Vairimorpha apis.

The team found that body size, environmental temperature and parasite infection have context- and sex-dependent effects on heat tolerance in squash bees.

"Although both sexes showed a positive correlation between heat tolerance and size, male squash bees had a greater change in their critical thermal maximum per unit body mass than females, suggesting that there may be another biological trait influencing the impact of body mass on heat tolerance that differs between the sexes," said study co-author Margarita Lopez-Uribe, associate professor of entomology and Lorenzo L. Langstroth Early Career Professor in Penn State's College of Agricultural Sciences.

The study indicated that average daily maximum temperature, precipitation and soil texture did not predict critical thermal maximum. However, the results did show that where average maximum temperatures were highest, the variation in heat tolerance among individuals was lower, suggesting that extreme temperatures were "filtering out" individuals with high and low critical thermal maximums, the researchers said.

"Many bee species can actively control their body temperature independently from ambient temperature conditions and thus potentially mitigate effects of temperature extremes," said co-author Rudolf Schilder, associate professor of entomology and biology in the College of Agricultural Sciences and the Eberly College of Science. "But whether squash bees engage in such behavior is unknown."

Of the three parasites measured, only trypanosomes influenced heat tolerance -- and only among female squash bees.




"This impact of parasite infection on female thermal tolerance is particularly concerning given that population growth depends on female fertility, and females are typically already less abundant than males," Lopez-Uribe said.

Overall, Jones said, the study contributes to growing evidence that small-bodied invertebrates' ability to adapt or acclimate their heat tolerance to local climate conditions is limited and depends on several factors.

"Given this, it is critical to identify the populations that are at risk under future climate scenarios," she said. "We suggest that future research assesses the thermal tolerances of populations across a species' distribution to identify those that are most vulnerable to local extinction."

Also on the research team at Penn State was Douglas Miller, research professor emeritus of geography in the College of Earth and Mineral Sciences.

The Pennsylvania Department of Agriculture, the U.S. Department of Agriculture's National Institute of Food and Agriculture, and the U.S. National Science Foundation's Graduate Research Fellowship Program supported this work.
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Low-energy process for high-performance solar cells | ScienceDaily
Finding reliable, eco-friendly power sources is crucial as our world grapples with increasing energy needs and the urgent call to combat climate change. Solar energy offers one solution, with scientists devising ever more efficient materials for capturing sunlight.


						
Perovskite solar cells have emerged as a promising alternative to conventional, silicon solar cells, boasting a number of advantages. But processing the material has been a complicated affair. Now, researchers at UC Santa Barbara have developed a method to make high-quality perovskite films at room temperature. The team's innovation not only simplified the production process but also increased the material's efficiency from under 20% to 24.4%. The details appear in the journal Joule.

Perovskite is a class of materials characterized by its specific crystal structure, exemplified by the mineral of the same name. Solar cells made from this material boast many advantages compared to silicon-based solar cells. They're lightweight, flexible and can be applied as a spray or printed like ink. Perovskite solar cell production also has the potential for a smaller carbon footprint than silicon photovoltaics, which require high temperatures and a cleanroom environment.

That said, producing these cells involves high-temperature annealing and tricky post-treatment steps, significantly slowing fabrication and making it hard to incorporate them into everyday items. These factors impede perovskite's adoption in large-scale manufacturing and make them less environmentally friendly.

By fine tuning the material's chemical composition, the authors developed a perovskite ink that created high-quality films much more effectively. "Our method follows the same procedures as the conventional one, except for omitting the two most time-consuming steps: thermal annealing and post-treatment," said co-lead author Ahra Yi, a postdoctoral researcher at UC Santa Barbara. The simpler fabrication technique also meshes better with standard manufacturing processes and reduces the overall energy use, which lowers its carbon dioxide emissions.

What's more, the new material outperformed cells made using the high-temperature process. "Our optimized perovskite solar cell achieved a remarkable efficiency of 24.4%," said co-lead author and UCSB doctoral student Sangmin Chae, "surpassing previous limits, which were below 20% for room-temperature processed devices."

The new procedure is also extremely gentle. To demonstrate this, the team prepared a perovskite layer on fresh leaves, a feat that was impossible with the previous, high-temperature process. "We thought this choice would be both eye-catching and symbolic, since solar cells mimic the photosynthetic process in leaves," said Yi.

This versatility opens up a wide range of possible applications. It's well suited for flexible indoor and outdoor energy generation. "With our approach, we can now contemplate the development of high-efficiency solar cells with free-form designs capable of powering the ever-increasing array of wearable electronics, sensors, displays, security cameras, Internet of Things (IoT) devices, et cetera," said senior author, Professor Thuc-Quyen Nguyen, director of the UCSB Center for Polymers & Organic Solids.
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Fruit fly model identifies key regulators behind organ development | ScienceDaily
A new computational model simulating fruit fly wing development has enabled researchers to identify previously hidden mechanisms behind organ generation.


						
Because organs develop in remarkably similar ways in fruit flies and people, biological insights from this model can be used to inform the diagnosis and treatment of human diseases such as cancer, Alzheimer's and congenital genetic birth defects.

Jeremiah Zartman, associate professor of chemical and biomolecular engineering at the University of Notre Dame, worked with a multidisciplinary research team that included collaborators from the University of California, Riverside to develop a fruit fly model to reverse engineer the mechanisms that generate organ tissue.

The team's findings, which offer a deeper understanding of the chemical and mechanical levers regulating organ cell size and shape, have been published in Nature Communications.

"We're trying to simulate an organ in the computer -- effectively creating a digital twin of that organ," Zartman said. "We're taking the different cells and parts of cells to see if we can predict how they will interact with each other."

Organs develop in response to what Zartman calls a "symphony" of signals. The researchers' fruit fly model integrates the numerous signals that orchestrate cell movement, contraction, adhesion and proliferation. It also incorporates the mechanical, chemical and structural properties of cell components and accounts for how these properties change over time and in different locations.

Both the model and his lab's experimental results showed that there were two distinct classes of chemical signaling pathways, or sequences of signals, that produce either curved or flat tissues -- identifying the flexibility and tunability of generating an organ of a specified shape.




Cells receiving signals from insulin led to an increase in the curvature of the tissue, while cells receiving inputs from two other key growth regulators flattened tissue. The researchers discovered that these growth regulators also manipulated the cell's internal framework, or cytoskeleton, to further sculpt cell size and shape.

The Zartman group's big-picture goal is to identify the extent to which the biological rules gleaned from simulated fly organ studies are shared with systems as distinct as plants, fish and humans.

"Our goal for the future is to develop a digital prototype organ that tackles a fundamental question in biology -- how do cells generate functional organs?" Zartman said.

The team's ongoing work is funded by National Science Foundation's Emergent Mechanisms in Biology of Robustness, Integration & Organization (EMBRIO) Institute as well as the Models for Uncovering Rules and Unexpected Phenomena in Biological Systems (MODULUS) program.
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Progression of herpesvirus infection remodels mitochondrial organization and metabolism | ScienceDaily
Researchers at the University of Jyvaskyla have found that herpesvirus infection modifies the structure and normal function of the mitochondria in the host cell. The new information will help to understand the interaction between herpesvirus and host cells. Knowledge can be utilized in the development of viral treatments.


						
Herpesviruses not only cause significant diseases but are also promising candidates for oncolytic therapy. The HSV-1 infection depends on the nuclear DNA replication, transcription machinery, and mitochondrial metabolism of the host cell. In the Department of Biological and Environmental Science of the University of Jyvaskyla, docent Maija Vihinen-Ranta, with her research team, investigated time-dependent mitochondrial changes as HSV-1 infection proceeds from early to late infection.

New information on the interaction between the herpesvirus and the host cell

Recent research shows that the infection leads to significant transcriptional modification of genes encoding proteins involved in the mitochondrial network, such as the respiratory chain, apoptosis, and the structural organization of mitochondria. Findings indicate that the infection leads to significant alterations in mitochondrial structure and function, including changes in mitochondrial morphology and distribution, thickening and shortening of cristae, an increase in the number and area of contact sites between mitochondria and the endoplasmic reticulum, as well as a rise in mitochondrial calcium ion content and proton leak.

- Our results show how the progression of infection shifts the balance from healthy to diseased cells and leads to profound perturbations in mitochondrial homeostasis. This can yield further knowledge about the interaction between herpesvirus and host cells, states docent Maija Vihinen-Ranta from the University of Jyvaskyla. She continues to say that this knowledge can be utilized in the development of viral treatments.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240507150026.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How a 'conductor' makes sense of chaos in early mouse embryos | ScienceDaily
Early embryonic development is tumultuous. It involves a rapid sequence of events, including cell division, differentiation, and lots of compartments moving around within each cell. Like an orchestra performance where each member of the band must start playing at the exact right moment and in perfect harmony, these processes need to be precisely timed and coordinated to ensure the embryo develops normally.


						
How cells make sense of this chaos at the very beginning of an embryo's development is an open question. The protein NKX1-2 a crucial role, according to a new study published today in the journal Stem Cell Reports by ICREA Research Professor Pia Cosma at the Centre for Genomic Regulation (CRG) in Barcelona and Professor Andrea Califano President of the Chan Zuckerberg Biohub New York and Professor at Columbia University.

NKX1-2 behaves like an orchestra's conductor, skilfully ensuring that the genetic instructions for developing the embryo are executed correctly and at the right times. The protein helps manage the production and organisation of the cell's machinery for making proteins (like ribosomes) and is also crucial for keeping chromosomes organized and properly distributed when cells divide.

When the researchers experimentally inhibited the function of NKX1-2 in mice, they found the nucleolus (a part of the nucleus that assembles ribosomes) was severely altered, disrupting the embryo's ability to produce ribosomes correctly. They also found the 2- to 4-cell embryos could not distribute chromosomes correctly during cell division, and would stop growing at these very early stages of development.

"NKX1-2 belongs to a protein family which is known to play crucial roles in early development and organ formation. While we knew that members of this family were important in general development, NKX1-2's specific role, especially in early embryonic stages, wasn't well understood," explains ICREA Research Professor Pia Cosma, corresponding author of the study.

"It is intriguing that such mechanistic determinants of embryogenesis could be identified by assembling and interrogating a mouse embryonic stem cell regulatory network, using methodologies originally developed for cancer research," adds Dr. Califano, co-corresponding author on the study.

Given the similarities in early developmental processes between mice and humans, the findings offer new clues into unexplained causes of developmental problems, including miscarriages. Miscarriages often result from chromosomal abnormalities, which can arise from issues like those observed in the study -- improper chromosome segregation and cell division errors. Further research could explore if there is a human counterpart that influences these fundamental processes as it does in mice, and what happens when it fails.

Despite the importance of NKX1-2 in early embryo development, the researchers suspect more 'conductors' remain to be discovered. "NKX1-2 is expressed at very low levels, which makes it extremely difficult to detect. It's like trying to find a needle in a haystack using traditional methods in biology. Repeating our methods could help find other rare and critical elements that have been historically overlooked," adds Dr. Cosma.
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From fossils to fuel: Mozambique's Maniamba Basin's energy potential | ScienceDaily
In the ever-expanding search for energy resources, a new study has emerged from Mozambique's Maniamba Basin. A team led by Nelson Nhamutole, a PhD student at the University of the Witwatersrand, and his team of scientists from around the world, shared in the South African Journal of Geology that Mozambique's Maniamba Basin could be a big source of natural gas.


						
Spanning an impressive 8,000,000 km2, the Maniamba Basin is a geological marvel. Its layers of Permian to Early Triassic rocks hold the secrets of the Earth's ancient past, now thought to be ripe with organic material capable of producing natural gas. This revelation is a beacon for energy prospects in a world craving sustainable sources.

Nelson and his research team embarked on a meticulous journey, analysing samples from four outcrops within the basin. Employing cutting-edge techniques like Rock Eval Pyrolysis, they deciphered the organic richness of different types of rock, including shale, claystone, sandstone, and siltstone. Rock Eval Pyrolysis is a technique used extensively in the petroleum industry to evaluate the hydrocarbon potential of rocks, if they contain oil or gas, where these rocks could have been deposited, and whether they're mature enough to have generated oil or gas. "The most challenging part was to get the right laboratory to perform the Rock Eval analysis, I had to travel all the way to the Rio Grande do Sul University in Brazil," says Nelson.

By using this technique, Nelson and his team found A "good to excellent" total organic carbon content in the rocks from the Maniamba Basin, a key indicator of the rock's potential to generate hydrocarbons. At the heart of this prized potential energy is kerogen, the organic matter in rocks that, under the right thermal conditions, can transform into natural gas and oil. The study identified a mixed presence of kerogen types, predominantly Type III and IV, suggesting the organic matter is mainly of terrestrial origin. This points to a landscape once lush with vegetation typical of Gondwana ecosystem now the source of potential gas reserves.

The path from organic-rich rock to be converted into hydrocarbon is a matter of maturation. "Our capability to infer that the maturation stages were somehow influenced by igneous intrusions based on a small sample size is really exciting!" Nelson exclaims. The research shows the basin's rocks as mature to overmature, primarily influenced by tectonic activities and proximity to igneous intrusions (formations that occur when magma from beneath the Earth's surface cools and solidifies before it reaches the surface). This maturation level integrated with the analysis of type of organic matter is indicative of the basin's capability to generate gas, rather than oil, a crucial insight for future exploration strategies. Drawing parallels across Karoo sites, the study links the Maniamba Basin's organic matter properties with those found in other Karoo sites stretching from Mozambique to Tanzania, Zimbabwe, Zambia and South Africa. This not only highlights the basin's potential but also ties it to a broader geological narrative of Gondwana, the ancient supercontinent.

The discovery of the Maniamba Basin's potential is a significant stride in energy exploration, yet it's only the first step. The research underscores the need for further investigations to fully unravel the basin's secrets. Advanced studies, employing a suite of geochemical and geological analyses, are essential to map out the path from potential to production.

As Mozambique stands on the brink of a new era in energy exploration, the Maniamba Basin study shows the power of international collaboration in unlocking the Earth's hidden treasures. For a world grappling with energy challenges, the basin can offers a glimpse of hope, a promise of a sustainable future fuelled by the very rocks beneath our feet. "The rock evaluation data alone can't fully tell us about the potential sources of oil and gas, so we need to use other methods as well," says Nelson. "In my future research, I plan to combine several techniques, including studying the types of organic material in the rocks, examining pollen and spores, looking at chemical fossils, and analysing the elements present to learn more about the potential of source rocks in the Maniamba Basin. Additionally, figuring out the age of the rock layers by looking at when certain microfossils appear and disappear will be especially important."
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Scientists cooked pancakes, Brussels sprouts, and stir fry to detect an oxidant indoors | ScienceDaily
A feast cooked up by UBC researchers has revealed singlet oxygen indoors for the first time.


						
Oxi-don't

Singlet oxygen is an oxidant. These chemical compounds can be beneficial -- ozone in the stratosphere is one example -- but can also cause stress to our lungs, contributing to the development of cancer, diabetes, and heart disease in the long term.

Cooking foods can release brown carbon, molecules with the potential to create oxidants when they absorb light. In addition, exposure to cooking emissions has been linked to chronic diseases in chefs.

Historically, it was thought there wasn't enough light indoors to have much reactive chemistry, but there are many light sources in modern kitchens.

Sprouts + sunlight = oxidant

UBC researchers thought if all the right ingredients were in place -- namely, cooking in a lit area -- they might find singlet oxygen indoors where it had never been detected.




They investigated by cooking three meals representing breakfast, lunch and dinner: pancakes, Brussels sprouts, and vegetable stir fry, sampling the air and exposing it to three different types of light: UV, sunlight, and fluorescent.

They detected singlet oxygen at around the same concentration for all three dishes. However, its highest concentration occurred in sunlit experiments, meaning naturally lit kitchens likely see more of this oxidant.

Venting is healthy

The COVID-19 pandemic has helped raise public awareness of indoor air quality.

The researchers recommend ventilation and air filtration in kitchens to reduce exposure to aerosols while cooking.

"Our next steps include determining just how this oxidant might affect humans and how much we're breathing in when we cook. Could it play a role in some cooking-related diseases?" said senior author Dr. Nadine Borduas-Dedekind, UBC chemistry assistant professor.
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Millions in costs due to discharge of scrubber water into the Baltic Sea | ScienceDaily
Discharge from ships with so-called scrubbers cause great damage to the Baltic Sea. A new study from Chalmers University of Technology, Sweden, shows that these emissions caused pollution corresponding to socio-economic costs of more than EUR 680 million between 2014 and 2022. At the same time, the researchers note that the shipping companies' investments in the much-discussed technology, where exhaust gases are "washed" and discharged into the sea, have already been recouped for most of the ships. This means that the industry is now making billions of euros by running its ships on cheap heavy fuel oil instead of cleaner fuel.


						
"We see a clear conflict of interest, where private economic interests come at the expense of the marine environment in one of the world's most sensitive seas," says Chalmers doctoral student Anna Lunde Hermansson, who is one of the authors of the new study, published in Nature Sustainability.

The study has been prompted by the ongoing discussion on a potential ban of scrubber water discharge -- where large volumes of polluted water is produced and discharged from the ships' exhaust gas cleaning systems. The issue is on the agenda at multiple levels within the International Maritime Organization (IMO) and is also being discussed at EU level as well as on national levels such as the Swedish Parliament, although a Swedish decision on a ban is yet to be made.

Anna Lunde Hermansson and Chalmers colleagues Erik Ytreberg and Ida-Maja Hassellov have been researching the environmental impact of shipping for many years and are contributing with their expertise in both international and national contexts. In a previous study, for example, they have shown that more than 200 million cubic metres of environmentally hazardous scrubber water is discharged into the Baltic Sea annually and that scrubber discharge water accounts for up to 9 percent of the total emissions of certain carcinogenic polycyclic aromatic hydrocarbons (PAHs) into the Baltic Sea.

Excluding oil spill costs

In the new study, the Chalmers researchers calculated both the external costs of scrubber water discharge, and the financial balance sheets of over 3,800 vessels that invested in the scrubber technology. As for the costs associated with the degradation of marine ecosystems, the study shows that between the years 2014 and 2022, scrubber water discharges have polluted at a cost of over EUR 680 million in the Baltic Sea area. The calculations are based on models for willingness to pay to avoid marine environmental degradation, but according to the researchers, the estimates should be regarded as an underestimate. For example, direct costs associated with heavy fuel oil spills from ships using scrubbers are not included. The multi-million euro sum that it costs to clean up oil after ships have grounded and leak oil, for example Marco Polo on the Swedish coast of Blekinge last autumn, are not included in the calculations.

"If the scrubbers had not existed, no ships today would have been allowed to run on this dirty residual fuel. That is why the scrubber issue is highly relevant to push the shipping industry towards less negative environmental impact," says Lunde Hermansson.




Restrictions in several countries

In terms of the shipowner perspective, the researchers calculated the costs of installing and maintaining the scrubber systems, as well as the monetary gain from running the scrubber-equipped vessels on the cheaper and dirtier heavy fuel oil instead of the more expensive low-sulphur fuel alternatives. According to the calculations, the majority of the shipping companies that invested in scrubbers have already reached break even, and the total surplus by the end of 2022 for all of the 3,800 vessels, was EUR 4.7 billion. The researchers also note that more than 95 percent of the most common scrubber system (so-called open loop) are repaid within five years.

"From the industry's point of view, it is often stressed that shipping companies have acted in good faith by investing in technology that would solve the problem of sulphur content in air emissions and that they should not be penalised. Our calculations show that most investments have already been recouped and that this is no longer a valid argument," says Lunde Hermansson.

Recently, Denmark has decided to ban the discharge of scrubber water into so-called territorial waters, within 12 nautical miles of the coast. A number of countries around the world, such as Germany, France, Portugal, Turkey and China, have also adopted national bans or restrictions.

In Sweden, there is currently no general ban, although some ports, such as the Port of Gothenburg, have banned the discharge of scrubber water in their area.

"We now hope that the issue will also be given priority in the Swedish Parliament. This is a low-hanging fruit where we can reduce our negative impact on the vital marine environment," says Lunde Hermansson.




More about scrubbers:

A scrubber can be described as a cleaning system for the exhaust gases formed during the combustion of heavy fuel oil, which has been the most common marine fuel since the 1970s. Seawater is pumped up and sprayed over the exhaust gases, which means that the emissions of sulphur compounds do not reach the air. The vessels thus comply with the requirements introduced by the International Maritime Organization, IMO, in 2020. The problem is that the water absorbs both the sulphur from the exhaust gases, which leads to severe acidification, and pollutants such as heavy metals and toxic organic compounds. The polluted scrubber water is then often pumped directly into the sea.

Since the mid-2010s, the number of vessels equipped with scrubbers has increased. In a study conducted in 2018, there were 178 ships with scrubbers in the Baltic Sea -- today, researchers expect at least four times that. Globally, there are about 5,000 vessels, which corresponds to around five per cent of the total global fleet. Since it is mainly ships with high fuel consumption that invest in scrubbers, this five percent accounts for 25 percent of the global demand for heavy fuel oil.

A number of countries in the world have restricted or banned the discharge of scrubber water. Read more about this in a report from the International Council on Clean Transportation: Global update on scrubber bans and restrictions -- International Council on Clean Transportation (theicct.org)
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Bio-inspired materials' potential for efficient mass transfer boosted by a new twist on a century-old theory | ScienceDaily
The natural vein structure found within leaves -- which has inspired the structural design of porous materials that can maximise mass transfer -- could unlock improvements in energy storage, catalysis, and sensing thanks to a new twist on a century-old biophysical law.


						
An international team of researchers, led by the NanoEngineering Group at the Cambridge Graphene Centre, has developed a new materials theory based on 'Murray's Law', applicable to a wide range of next-generation functional materials, with applications in everything from rechargeable batteries to high-performance gas sensors. The findings are reported in the journal Nature Communications.

Murray's Law, put forward by Cecil D. Murray in 1926, describes how natural vascular structures, such as animal blood vessels and veins in plant leaves, efficiently transport fluids with minimum energy expenditure.

"But whereas this traditional theory works for cylindrical pore structures, it often struggles for synthetic networks with diverse shapes -- a bit like trying to fit a square peg into a round hole," says first author Cambridge PhD student Binghan Zhou.

Dubbed 'Universal Murray's Law', the researchers' new theory bridges the gap between biological vessels and artificial materials and is expected to benefit energy and environmental applications.

"The original Murray's Law was formulated by minimising the energy consumption to maintain the laminar flow in blood vessels, but it was unsuited for synthetic materials," says Binghan Zhou.

"To broaden its applicability to synthetic materials, we expanded this Law by considering the flow resistance in hierarchical channels. Our proposed Universal Murray's Law works for the pores of any shape and suits all common transfer types, including laminar flow, diffusion, and ionic migration."

Ranging from daily usage to industrial production, many applications involve ion or mass transfer processes through highly porous materials -- applications that could benefit from Universal Murray's Law, say the researchers.




For instance, when charging or discharging batteries, ions physically move between the electrodes through a porous barrier. Gas sensors rely on the diffusion of gas molecules through porous materials. Chemical industries often use catalytic reactions, involving laminar flow of reactants through catalysts.

"Employing this new biophysical law could greatly reduce the flow resistance in the above processes, boosting overall efficiency," adds Binghan Zhou.

The researchers proved their theory using graphene aerogel, a material known for its extraordinary porosity. They carefully varied the pore sizes and shapes by controlling the growth of ice crystals within the material. Their experiments showed that the microscopic channels following the newly proposed Universal Murray's Law offer minimum resistance against fluid flow, while deviations from this Law increase the flow resistance.

"We designed a scaled-down hierarchical model for numerical simulation and found that simple shape changes following the proposed Law indeed reduce the flow resistance," says co-author Dongfang Liang, Professor of Hydrodynamics at the Department of Engineering.

The team also demonstrated the practical value of Universal Murray's Law by optimising a porous gas sensor. The sensor, designed in accordance with the Law, shows a significantly faster response compared to sensors following a porous hierarchy, traditionally considered to be highly efficient.

"The only difference between the two structures is a slight variation in shape, showing the power and ease of application of our proposed Law," says Binghan Zhou.

"We have incorporated this special natural Law into synthetic materials," adds Tawfique Hasan, Professor of Nanoengineering at the Cambridge Graphene Centre, who led the research. "This could be an important step towards theory-guided structural design of functional porous materials. We hope our work will be important for new generation porous materials and contribute to applications for a sustainable future."

The research was funded by the Engineering and Physical Sciences Research Council (EPSRC). Professor Hasan is a Fellow of Churchill College, Cambridge.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240507145959.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Free-forming organelles help plants adapt to climate change | ScienceDaily
Plants' ability to sense light and temperature, and their ability to adapt to climate change, hinges on free-forming structures in their cells whose function was, until now, a mystery.


						
For the first time, UC Riverside researchers have determined how these structures work on a molecular level, as well as where and how they form. This information is described in two Nature Communications papers published this week.

Scientists have long studied membrane-bound compartments, called organelles, in plant cells, such as the Golgi apparatus, mitochondria, and most significantly, the nucleus, where DNA gets copied and transcribed into RNA.

However, much less is known about the membrane-free organelles that can dynamically assemble and disassemble inside the nucleus, such as the photobodies that help to sense light and temperature in plants.

"At one time, people called these photobodies 'garbage cans,' because they didn't understand them. When people don't understand something, they call it useless. But they aren't useless at all," said UCR botany professor Meng Chen, senior author of both papers. "They are a new frontier in science."

Part of the challenge in studying photobodies, or membrane-less organelles in general, is that molecules are moving in and out of them constantly. This makes it difficult to distinguish the function of the components inside the organelles versus those outside. Additionally, these photobodies only form in the light.

Chen spent two decades working on this problem before his lab found a method that helped unlock the mystery of the organelles' function.




In the past, he would remove a gene in a laboratory plant and try to observe any changes in the photobodies and the plants' light or temperature responses. This approach yielded partial success.

His laboratory identified a gene that made it impossible for the membrane-less organelles to assemble. Knocking out this gene made the plants partially blind to light. "We saw that these organelles are involved in light sensing, but we realized this was a correlation, not causation," Chen said.

To learn more, the researchers tried enhancing the size of the organelles, rather than eliminating them. This strategy, detailed in one of the new papers, proved successful. With bigger organelles, it was possible to see the function.

"What we saw, ultimately, is that the membrane-less organelles help plants distinguish a whole range of different light intensities. Without them, plants would not be able to 'see' changes in light intensity," Chen said.

In a related set of experiments, described in the second Nature Communications paper, the researchers tested the relationship between these organelles and temperature. Previously, the group had shown that if temperature increases, the number of these organelles decreases.

The group theorized that temperature-sensitivity would be a function of where in the cell the organelles formed. Other researchers proposed that the formation of the organelles is random, but Chen suspected this was not the case.




"There is not much in nature that is completely random," Chen said. "At the airport, do people get together in the middle of nowhere, or are they usually in the waiting areas and at airline counters? Anything that has an important function is not usually random."

The formation of photobodies, it turns out, is not random, either. More than half of them are near centromeres, the region of a chromosome harboring silenced genes.

At 16 degrees, there were nine types of membrane-less organelles in the cells. At 27 degrees, the number dropped to only five types. Though all of them contain the temperature-sensing protein phytochrome B, some of these organelles are sensitive to temperature, and others aren't.

Going forward, the researchers are hoping to show that it is possible to change the plants' sensitivity to light and temperature by manipulating where the organelles form. This is particularly important if people want to continue growing food crops in a hotter, brighter world.

California grows half of the country's fruits and vegetables. But scientists estimate that without mitigation of greenhouse gas emissions, the average temperatures in the state could increase by 11 degrees by the end of the century, which would seriously impact crop growth.

"To predict and mitigate climate change, we need to understand how plants sense and respond to their environment, especially temperature," Chen said. "Temperature is not related only to growth and size. It's related to everything: flowering time, fruit development, pathogen response, and immunity."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240507145953.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



First effective treatment found for spitting cobra snakebite | ScienceDaily
Scientists have discovered a groundbreaking new snakebite treatment to prevent the devastating tissue damage caused by African spitting cobra venom.


						
Spitting cobra venom is incredibly potent and causes dermonecrosis, which presents as rapid destruction of skin, muscle and bone around the site of the snakebite, and can lead to permanent injuries and disfigurements, including limb loss and amputations in extreme cases.

Professor Nicholas Casewell and Liverpool School of Tropical Medicine colleagues including Dr Steven Hall -- who is now at Lancaster University- discovered that using the repurposed small molecule drug varespladib to block one of the two major dermonecrosis-causing toxins in spitting cobra venom prevents skin and muscle damage.

Each year, it is estimated that snakebite causes long term detrimental effects in around 400,000 people across the world, with a substantial proportion of those in Africa the result of spitting cobra bites.

Currently, there is no effective treatment for tackling severe local envenoming caused by spitting cobra venom. Existing antivenoms only work on bites by other snake species and are often ineffective for treating local envenoming because antivenom antibodies are too large to effectively penetrate into the region around the bite site.

Professor Nicholas Casewell of LSTM said: "Our findings hold much promise to improve the treatment of tropical snakebite. Current treatments for spitting cobra bites are widely regarded as being ineffective, meaning that rates of disability and amputation have remained high across much of Africa. Our data shows that blocking just one of the main toxin families in spitting cobra venom will likely prevent the debilitating tissue damage seen in thousands of snakebite patients each year."

Professor Casewell's team, led by PhD student Keirah Bartlett and Dr Steven Hall, then of LSTM and now at Lancaster University, and also involving researchers from Canada, Denmark, Costa Rica and the USA, first analysed spitting cobra venom to identify the toxins responsible for causing venom-induced dermonecrosis. The results showed that cytotoxic three-finger toxins (CTx) are largely responsible but that phospholipases A2 (PLA2) toxins play a critical role in the process.




Local injection of the PLA2-inhibiting drug varespladib reduced the extent of dermonecrosis, even when delivered up to an hour after the venom, and the protection conferred by the drug also extended to venom-induced muscle toxicity.

According to the authors, the findings suggest that varespladib could become an invaluable treatment against the tissue-damaging effects of black-necked and red spitting cobra venoms, which cause extensive morbidity in snakebite victims across the African continent.

Lead author Keirah Bartlett said: "These findings are extremely promising, not only does this offer up a new mode of treatment where previously nothing effective existed, but because varespladib has already gone through testing in human clinical trials, including for snakebite, it could be available for use in real world patients very soon."

Dr Hall added: "Snakebite is a devastating neglected tropical disease, with tissue destruction caused by necrotic snake venoms permanently injuring hundreds of thousands of victims every year. Our work shows that the repurposed drug, Varespladib, is incredibly effective at inhibiting such necrosis caused by African spitting cobras; an exciting finding as their venoms are particularly fast-acting and destructive. We hope this work helps pave the way to future snakebite therapies that can save the lives and limbs of victims worldwide."

Professor Casewell's team are already looking for viable treatments that effectively block the venom CTx. Having treatments available against both toxins has the potential to enhance the potency of varespladib, and could significantly reduce the long-term morbidity associated with spitting cobra bites in Africa and beyond.
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Engineers develop innovative microbiome analysis software tools | ScienceDaily
Since the first microbial genome was sequenced in 1995, scientists have reconstructed the genomic makeup of hundreds of thousands of microorganisms and have even devised methods to take a census of bacterial communities on the skin, in the gut, or in soil, water and elsewhere based on bulk samples, leading to the emergence of a relatively new field of study known as metagenomics.


						
Parsing through metagenomic data can be a daunting task, much like trying to assemble several massive jigsaw puzzles with all of the pieces jumbled together. Taking on this unique computational challenge, Rice University graph-artificial intelligence (AI) expert Santiago Segarra and computational biologist Todd Treangen paired up to explore how AI-powered data analysis could help craft new tools to supercharge metagenomics research.

The scientist duo zeroed in on two types of data that make metagenomic analysis particularly challenging -- repeats and structural variants -- and developed tools for handling these data types that outperform current methods.

Repeats are identical DNA sequences occurring repeatedly both throughout the genome of single organisms and across multiple genomes in a community of organisms.

"The DNA in a metagenomic sample from multiple organisms can be represented as a graph," said Segarra, assistant professor of electrical and computer engineering. "Essentially, one of the tools we developed leverages the structure of this graph in order to determine which pieces of DNA appear repeatedly either across microbes or within the same microorganism."

Dubbed GraSSRep, the method combines self-supervised learning, a machine learning process where an AI model trains itself to distinguish between hidden and available input, and graph neural networks, systems that process data representing objects and their interconnections as graphs. The peer-reviewed paper was presented at the 28th session of a leading annual international conference on research in computational molecular biology, RECOMB 2024. The project was led by Rice graduate student and research assistant Ali Azizpour. Advait Balaji, a Rice doctoral alumnus, is also an author on the study.

Repeats are of interest because they play a significant role in biological processes such as bacterial response to changes in their environment or microbiomes' interaction with host organisms. A specific example of a phenomenon where repeats can play a role is antibiotic resistance. Generally speaking, tracking repeats' history or dynamics in a bacterial genome can shed light on microorganisms' strategies for adaptation or evolution. What's more, repeats can sometimes actually be viruses in disguise, or bacteriophages. From the Greek word for "devour," phages are sometimes used to kill bacteria.




"These phages actually show up looking like repeats, so you can track bacteria-phage dynamics based off the repeats contained in the genomes," said Treangen, associate professor of computer science. "This could provide clues on how to get rid of hard-to-kill bacteria, or paint a clearer picture of how these viruses are interacting with a bacterial community."

Previously when a graph-based approach was used to carry out repeat detection, researchers used predefined specifications for what to look for in the graph data. What sets GraSSRep apart from these prior approaches is the lack of any such predefined parameters or references informing how the data is processed.

"Our method learns how to better use the graph structure in order to detect repeats as opposed to relying on initial input," Segarra said. "Self-supervised learning allows this tool to train itself in the absence of any ground truth establishing what is a repeat and what is not a repeat. When you're handling a metagenomic sample, you don't need to know anything about what's in there to analyze it."

The same is true in the case of another metagenomic analysis method co-developed by Segarra and Treangen -- reference-free structural variant detection in microbiomes via long-read coassembly graphs, or rhea. Their peer-reviewed paper on rhea will be presented at the International Society for Computational Biology's annual conference, which will take place July 12-16 in Montreal. The lead author on the paper is Rice computer science doctoral alumna Kristen Curry, who will be joining the lab of Rayan Chikhi -- also a co-author on the paper -- at the Institut Pasteur in Paris as a postdoctoral scientist.

While GraSSRep is designed to deal with repeats, rhea handles structural variants, which are genomic alterations of 10 base pairs or more that are relevant to medicine and molecular biology due to their role in various diseases, gene expression regulation, evolutionary dynamics and promoting genetic diversity within populations and among species.

"Identifying structural variants in isolated genomes is relatively straightforward, but it's harder to do so in metagenomes where there's no clear reference genome to help categorize the data," Treangen said.




Currently one of the widely used methods for processing metagenomic data is through metagenome-assembled genomes or MAGs.

"These de novo or reference-guided assemblers are pretty well-established tools that entail a whole operational pipeline with repeat detection or structural variants' identification being just some of their functionalities," Segarra said. "One thing that we're looking into is replacing existing algorithms with ours and seeing how that can improve the performance of these very widely used metagenomic assemblers."

Rhea does not need reference genomes or MAGs to detect structural variants, and it outperformed methods relying on such prespecified parameters when tested against two mock metagenomes.

"This was particularly noticeable because we got a much more granular read of the data than we did using reference genomes," Segarra said. "The other thing that we're currently looking into is applying the tool to real-world datasets and seeing how the results relate back to biological processes and what insights this might give us."

Treangen said GraSSRep and rhea combined -- building on previous contributions in the area -- have the potential "to unlock the underlying rules of life governing microbial evolution."

The projects are the result of a yearslong collaboration between the Segarra and Treangen labs.
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Origin of Roman lead | ScienceDaily
Measuring some 45 centimeters long and weighing between 24 and 32 kilos, they are triangular in shape, resembling a Toblerone bar. There are only three of them, and one is broken in half, but the study of these three lead ingots, never studied before and from the Los Escoriales de Dona Rama (Belmez, Cordoba) deposit, yield enough information to state that ancient Cordoba, the capital of the Roman Empire's region of Baetica, and whose territory occupied what is today the north of the province, encompassing the Guadiato Valley, Los Pedroches, and some districts of Jaen, Ciudad Real and Badajoz, was the western ancient world's main center for the smelting of lead, a metal used to produce a multitude of everyday tools, such as spoons, tiles, pipes, etc. ....


						
The ingots, dating from the first century A.D., were unearthed in the twentieth century during work on the Maghreb-Europe gas pipeline, and were kept in the Belmez Museum and in private homes. Two of them bear an identifying mark, making it possible to reveal part of their history and to confirm the great importance of mining importance in the central Sierra Morena area during the Roman period. This mark is actually two letters, "S S," referring to the Societas Sisaponensis, a mining company originally from La Bienvenida (Almodovar del Campo, Ciudad Real), a land famous for the production of cinnabar, but that must have been headquartered in Cordoba.

In addition to the ingots' triangular shape, optimizing their storage capacity, the fact that the ingots bore these letters means that they were supposed to be exported, with the mark identifying the producer of the pieces, which were then to be loaded onto ships along with other products. Thus, the mining activity in northern Cordoba was not limited to the production of lead and silver, something that was already known, but also involved exportation, placing the area among the main producers of metals intended for Mediterranean trade, a conclusion asserted by an international and multidisciplinary team led by the University of Cordoba in an article published in the Journal of Roman Archaeology.

Analysis of the ingots' chemical composition and stable isotopes allowed the research team to verify that they were desilvered, and that the ore with which they were made was from the district of Fuente Obejuna-Azuaga, a major mining area that included the Dona Rama site where the ingots were found. In other words, the three pieces had a common origin linked to the same site where they were discovered.

The fact that the ingots were found in the same area where they were produced is exceptional, and the reason for this is unknown. Most ingots of this type have been found at the bottom of the Mediterranean Sea, at shipwreck sites, and it is precisely at the bottom of the sea where the most information has been obtained since the research team began working with specialists from the Universite Toulouse who have spent years studying the composition and creating a catalogue of the ingots found there. According to the analysis, more than half of the ingots studied by the French specialists were from the district of Fuente Obejuna-Azuaga, proving Cordoba's importance as a producer and exporter of lead ingots.

"This information demonstrates that, in antiquity, these northern regions of Cordoba boasted major metallurgical networks of great commercial and economic importance in the Mediterranean," said UCO researcher Antonio Monterroso Checa, adding that "which reveals the level of industrialization, skill and knowledge necessary to reach that level of manufacturing." In fact, although much remains to be studied, the Dona Rama site would seem to be a mining town complete with a foundry, a processing area and, possibly, a fortress. But, as Monterroso Checa has stated, "all this remains to be studied."

The study of the ingots was carried out as part of the MEI-Heritage Project: Medio, explotacion minera e industria metalurgica en el sector central de la Beturia de los Turdulos/Conventus Cordubensis (s.VII a.n.e-s.II d.n.e). Ciencias aplicadas a la investigacion de un paisaje patrimonial [The Environment, Mining and the Metallurgical Industry in the Central Area of the Beturia de los Turdulos/Conventus juridicus Cordubensis (7th century BC -- 2nd Century AD). Sciences Applied to Research of a Heritage Landscape]project, funded by the Junta de Andalucia's PAIDI 2020 (Research, Development and Innovation Plan) (ref. P20_00482) and the University of Cordoba's Unidad de Investigacion y Transferencia en Ciencias del Patrimonio (Heritage Sciences Research and Transfer Unit). The study is also part of theProduccion y circulacion de bienes en el reborde meridional de la Meseta (sur de la provincia de Ciudad Real) entre la Prehistoria reciente y el fin de la Antiguedad[Production and Circulation of Goods on the Southern Rim of the Meseta (South of the Province of Ciudad Real) between Recent Prehistory and the End of Antiquity] project, funded by the Spanish Ministry of Science and Innovation (ref. PID2019-105094GB-I00).
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Geologists, biologists unearth the atomic fingerprints of cancer | ScienceDaily
Scientists at the University of Colorado Boulder and Princeton University have, for the first time, employed a tool often used in geology to detect the atomic fingerprints of cancer.


						
In a case of medicine meets earth science, the researchers discovered that cancer cells may be made from a different assortment of hydrogen atoms than healthy tissue. The findings could give doctors new strategies for studying how cancer grows and spreads -- and may even, one day, lead to new ways to spot cancer early on in the body.

The team, led by CU Boulder geochemist Ashley Maloney, will publish its findings this week in the Proceedings of the National Academy of Sciences.

"This study adds a whole new layer to medicine, giving us the chance to look at cancer at the atomic level," said Maloney, a research associate in the Department of Geological Sciences.

She explained that in nature, hydrogen comes in two main flavors, or isotopes. Some hydrogen atoms, called deuterium, are a little heavier, while others, usually just known as hydrogen, are a little lighter. On Earth, hydrogen atoms outnumber deuterium atoms by a ratio of about 6,420 to one.

For decades, scientists from a number of fields have turned to the natural distribution of these atoms to reveal clues about the history of our planet. Climate scientists, for example, examine the hydrogen atoms trapped in the ice on Antarctica to infer how hot or cool Earth was hundreds of thousands of years ago.

In the new study, Maloney and her colleagues wondered: Could those same, tiny atoms provide hints about the lives of complex biological organisms?




To find out, the team grew cultures of yeast and mouse liver cells in the lab, then analyzed their hydrogen atoms. The team found that cells that are growing really fast, such as cancer cells, contain a much different ratio of hydrogen versus deuterium atoms. Think of it like cancer leaving a fingerprint on the doorknob of a crime scene.

The research is still in its early stages, and the team isn't sure how this signal might appear, or not, in the bodies of real cancer patients. But the potential could be big, said Sebastian Kopf, a co-author of the study and an assistant professor in geological sciences.

"Your chances of survival are so much higher if you catch cancer early on," Kopf said. "If this isotopic signal is strong enough that you could detect it through something like a blood test, that could give you an important hint that something is off."

The metabolism of cancer

The study centers around a concept that has intrigued cancer researchers for years: metabolism.

Under normal conditions, the cells of organisms like yeast and animals generate energy through a process called respiration, in which they take in oxygen and release carbon dioxide. But that's not the only way to get a sugar high. Colonies of baker's yeast (Saccharomyces cerevisiae), for example, can produce energy via fermentation, in which organisms break down sugars without help from oxygen and produce alcohol. It's the same process that gives you beer.




"In humans, if an athlete performs beyond their aerobic limit, their muscles will also start fermenting, which doesn't use oxygen," Kopf said. "That gives you a quick energy boost."

As it turns out, many cancer cells also fuel their growth through a similar get-rich-quick strategy.

Scientists have long searched for more ways to track these metabolic changes in cancer cells. Maloney, who led the new study as a Harry Hess Postdoctoral Fellow at Princeton, and her advisor Xinning Zhang developed an idea: Track hydrogen.

Inside the cell

Today, Maloney manages CU Boulder's Earth Systems Stable Isotope Lab, one of more than 20 Core Facilities on campus. As a graduate student, she explored hydrogen atoms in algae from tropical islands. Her current work was inspired by an unlikely source: her father, a dermatologist.

"He takes skin cancer cells off people all the time," Maloney said. "I wondered how the metabolism of those cells might be different from the cells growing next to them."

To understand that question, it helps to know how hydrogen winds up in cells in the first place. In some cases, those atoms come from a hard-to-pronounce, but critically important, enzyme known as nicotinamide adenine dinucleotide phosphate (NADPH). Among its many roles in cells, NADPH collects hydrogen atoms then passes them to other molecules in the process of making fatty acids, an important building block for life.

NADPH, however, doesn't always draw from the same pool of hydrogen. Previous research led by Zhang and focusingg on bacteria suggested that, depending on what other enzymes in a cell are doing, NADPH may sometimes use different hydrogen isotopes more or less often.

Which raised the question: If cancer rewires a cell's metabolism, could it also alter how NADPH gets its hydrogen, ultimately altering the atomic makeup of a cell?

Window into cancer

To begin to find out, the researchers set up jars filled with flourishing colonies of yeast in labs at Princeton and CU Boulder. Separately, biologists at Princeton conducted an experiment with colonies of healthy and cancerous mouse liver cells. The researchers then pulled the fatty acids from the cells and used a machine called a mass spectrometer to identify the ratio of hydrogen atoms within.

"When we started the study, I thought, 'Ooh, we have a chance to see something cool," Maloney said. "It ended up creating a huge signal, which I didn't expect."

Fermenting yeast cells, the kind that resemble cancer, contained roughly 50 percent fewer deuterium atoms on average than the normal yeast cells, a startling change. Cancerous cells exhibited a similar but not quite as strong shortage in deuterium.

Zhang, the study's senior author and an assistant professor of geosciences at Princeton, is hopeful that the research could one day help families around the world.

"Cancer, and other illnesses, are unfortunately a huge theme in many people's lives. Seeing Ashley's data was special, profound moment," Zhang said. "It meant that a tool used to track planetary health might also be applied to track health and disease in lifeforms, hopefully one day in humans. Growing up in a family challenged by cancer, I hope to see this area expand."
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DDT pollutants found in deep sea fish off Los Angeles coast | ScienceDaily
In the 1940s and 1950s, the ocean off the coast of Los Angeles was a dumping ground for the nation's largest manufacturer of the pesticide DDT -- a chemical now known to harm humans and wildlife. Due to the stubborn chemistry of DDT and its toxic breakdown products, this pollution continues to plague L.A.'s coastal waters more than half a century later. While legal at the time, details of this industrial-scale pollution of the marine environment at a dump site some 15 miles offshore near Catalina Island have deeply concerned scientists and the public since they gained wider recognition in 2020.


						
Now, new research from scientists at UC San Diego's Scripps Institution of Oceanography and San Diego State University (SDSU) finds deep-sea fish and sediments collected from near the Catalina Island offshore dump site are contaminated with numerous DDT-related chemicals.

The study, published May 6 in the journal Environmental Science and Technology Letters and funded by the National Oceanic and Atmospheric Administration, suggests that the DDT-related chemicals dumped into the ocean decades ago may still be making their way into marine food webs.

Since the rediscovery of the offshore dump site near Catalina Island, scientists have been working to discern the extent and severity of the problem today. Of particular urgency are the questions of whether the decades-old chemicals, now settled on the seafloor thousands of feet underwater, are staying put or whether they are circulating in marine ecosystems where the compounds could be harming wildlife or even posing health risks to humans.

"These are deep-sea organisms that don't spend much time at the surface and they are contaminated with these DDT-related chemicals," said Lihini Aluwihare, a professor of ocean chemistry at Scripps and co-author of the study. "Establishing the current distribution of DDT contamination in deep-sea food webs lays the groundwork for thinking about whether those contaminants are also moving up through deep-ocean food webs into species that might be consumed by people."

From 1948 until at least 1961, barges contracted by DDT-producer Montrose Chemical Corporation would motor from the Port of Los Angeles out toward Catalina and pump manufacturing waste laden with sulfuric acid and up to 2% pure DDT directly into the Pacific Ocean. Legal until 1972, this offshore dumping largely escaped public scrutiny because it was overshadowed by Montrose's other waste disposal practice: Pumping a more dilute acidic slurry that also contained DDT through L.A. County sewers and into the ocean off Palos Verdes. An estimated 100 tons of DDT ended up in the sediments of the Palos Verdes Shelf, and the Environmental Protection Agency declared it an underwater Superfund Site in 1996. In 2000, a judge ordered the company to pay $140 million to remedy the environmental damages. Research has since linked the DDT pollution on the Palos Verdes Shelf to contamination and health problems in local wildlife including sea lions, dolphins, bottom-feeding fish, and even coastal California condors (likely from consuming dead marine mammals).

In 2011, UC Santa Barbara researcher David Valentine used an undersea robot to rediscover Montrose's offshore dumping near Catalina at a place now known as Dumpsite 2. The findings leapt into the public consciousness in 2020 when the Los Angeles Times published the first in a series of expose?s unspooling the region's toxic legacy of offshore dumping.




Valentine and Scripps researchers have helped map the extent of the dumping. To date, they've found DDT-related chemicals across an area of the seafloor larger than the city of San Francisco. What's still unknown is if that pollution is staying put or if it is moving through the undersea environment in ways that pose dangers to marine life or humans.

Beginning in 2021, Aluwihare, study co-author Eunha Hoh of SDSU, and other collaborators began a series of research efforts to work on two key questions: Are the DDT-related chemicals lurking on the seafloor near Dumpsite 2 being stirred up and ingested by marine life in the deep? And could they identify a kind of chemical fingerprint unique to the contamination from Dumpsite 2 and other offshore dump sites that could be used to distinguish them from pollutants emanating from the Palos Verdes Shelf?

The team opportunistically collected sediment samples and deep-sea animals from the water column in the San Pedro Basin near Dumpsite 2 to test for a wide range DDT-related compounds. The research cruises to collect these samples were funded by the National Science Foundation and the Schmidt Ocean Institute.

Typically, testing for DDT looks for four to eight chemicals, but a 2016 paper co-authored by Hoh and Aluwihare identified 45 DDT-related chemicals in the blubber of dolphins from off the coast of Southern California. The results demonstrated that wildlife was being exposed to a much larger suite of DDT compounds in the real world. In the present study, the team tested for this larger suite of DDT-related chemicals, known as DDT+, in hopes that it could help develop a chemical fingerprint for Dumpsite 2 and the other offshore dump sites used by Montrose. Also, testing for DDT+ will provide a more holistic picture of the degree of contamination in sediment and animals that might otherwise go undetected.

When the researchers analyzed the sediments for the presence of DDT+ they found no fewer than 15 chemicals, 14 of which had been previously detected in birds and marine mammals in Southern California.

The researchers collected 215 fish spanning three common species near Dumpsite 2. Chemical analysis revealed that the fish contained 10 DDT-related compounds, all of which were also present in the sediment samples.




Two of the fish species were collected between 546 meters (1,791 feet) and 784 meters (2,572 feet) -- Cyclothone acclinidens and Melanostigma pammelas -- and the third, Leuroglossus stilbius, was collected between 546 meters (1,791 feet) and the surface. The species collected at shallower depths contained a lower concentration of contaminants and were missing a pair of DDT-related compounds that were present in the deepest fishes.

"None of these fish species are known to feed in the sediment of the seafloor," said Anela Choy, biological oceanographer at Scripps and co-author of the study. "There must be another mechanism that is exposing them to these contaminants. One possibility is that there are physical or biological processes resuspending sediments around Dumpsite 2 and allowing these contaminants to enter deeper water food webs."

The findings can't yet rule out the Palos Verdes Superfund Site as a potential source of the contamination in the fish, said Aluwihare. But several lines of evidence uncovered in the study -- the lower overall concentrations and two missing DDT-related compounds in the shallower water fish species, as well as the overlap between contaminants found in the sediment and those found in marine mammals and birds -- point to the alarming possibility that pollution is moving from the seafloor and into the marine food web.

"Regardless of the source, this is evidence that DDT compounds are making their way into the deep ocean food web," said Margaret Stack, an environmental chemist at SDSU and the study's lead author. "That is cause for concern because it's not a big leap for it to end up in marine mammals or even humans."

Hoh said understanding the pathways by which the DDT-related chemicals are entering the food web is vital and "will help us figure out what to do as far as mitigation and what not to do in terms of offshore development that could make this problem worse by stirring up these contaminants."

Aluwihare said more work needs to be done to pinpoint the source of the DDT contaminants they found in the deep-sea fish and establish whether the same contamination exists in larger, open-ocean fish species that are consumed by people.

Numerous additional studies are ongoing to answer these urgent questions. Researchers at Scripps and SDSU are currently analyzing samples from fish species targeted by recreational anglers and commercial fisheries, including basses and sanddab, for DDT+. Comparing the chemicals and their concentrations found in these fish with sediment samples collected from the Palos Verdes Shelf and Dumpsite 2 may allow the team to determine the source of the toxins in these fish.

"We are still seeing this DDT contamination in deep-sea organisms and ocean sediments more than 50 years after they were dumped there," said Hoh. "I'm not sure if that company expected the consequences of their pollution to last this long, but they have."

In addition to Aluwihare, Stack, Choy, and Hoh, Raymmah Garcia, Tran Nguyen,, Paul Jensen, and Johanna Gutleben of Scripps as well as, William Richardot, and Nathan Dodder of SDSU co-authored the study.
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Turbid waters keep the coast healthy | ScienceDaily
To preserve the important intertidal areas and salt marshes off our coasts for the future, we need more turbid water. That is one of the striking conclusions from a new study conducted by a Dutch-Chinese team of researchers and published today in Nature Geoscience."These natural areas outside our dikes are essential for nature and coastal defense. But because how we are now building in the Delta and the hinterland, coastal defense is endangered in the long term," warns NIOZ researcher Tim Grandjean. 


						
Satellite measurements

For his research, Grandjean linked decades of satellite measurements of tidal areas around the world with data on the turbidity of the water, which is also measured by satellites. Importantly, Grandjean has established a lower limit for the necessary turbidity of the water in deltas worldwide. A very clear relationship emerged in the long term: intertidal areas only grow when the water is turbid enough. "After all, turbid water means more sand and silt particles in the water, which can allow the coast to grow," the researcher explains.

Vulnerable tidal flats due to human interventions

Worldwide, the turbidity of many coastal waters has been declining for decades, making the tidal flats sensitive to loss. Additionally, sea level rise requires that water has higher turbidity to continue to maintain tidal flats. The relatively low turbidity globally threatens essential areas for biodiversity and coastal safety. After all, tidal flats are important foraging areas for birds and contribute to wave attenuation.

Coastal defenses must improve

Globally, the determination of the necessary turbidity for the preservation of tidal flats by Grandjean provides an essential basis for rethinking human interventions in deltas. We need to think more carefully about the ways in which human activities affect the coast, on which we rely for our safety. These challenges are not unique to any one region but are evident globally due to extensive human modifications to natural water systems. For instance, the construction of large dams, such as the Three Gorges Dam on the Yangtze River, has significantly reduced the sediment supply downstream. This reduction is crucial for the propagation of tidal flats, leading to sediment starvation that hinders the natural rebuilding of intertidal zones, vital for coastal protection and biodiversity.




Similarly, in the Netherlands, the construction of the storm surge barrier in the Oosterschelde in the 1980s has led to severe 'sand starvation'. Because of this barrier, less sand can flow from the North Sea into the estuary, resulting in clearer water that fails to replenish the intertidal areas, thus causing them to erode. "In the long run, this is not sustainable," Grandjean believes. "When too much intertidal area disappears outside the dikes of Zeeland, the safety of the complete coast is at stake. So not only for nature, but also for safety, we must begin to protect the areas outside the dikes much more effectively. The water has to become murkier, so we may have to consider dismantling the Oosterschelde storm surge barrier in the future. A careful balance between nature conservation and coastal protection is essential, ensuring that both goals strengthen rather than counteract each other."

Detailed measurements provide insight

Tim Grandjean defended his PhD on this topic on April 24th and has also collected new data on the dynamics of intertidal areas. These data provide insight into the short-term vulnerability. He used a technique that was developed in NIOZ workshops. "The dynamics of intertidal areas can be measured with very expensive sensors or with labour-intensive, manual measurements. However, this way, we could never collect data in many different places at the same time. The technicians at NIOZ developed sensors that were cheap enough to record the height of the bottom to the millimetre, several times a day, at different locations along the Western and Eastern Scheldt for several years now."

Heavy dynamics

Those precise measurements show that at high tide, an intertidal zone can easily vary one or two centimeters in height within a single day. "For you or me, a centimeter more or less under our boots may not matter, but if you are a worm or a mussel, or a seed of eelgrass, that is indeed too much dynamics," Grandjean says.

Measures that can work

Grandjean also looked at the grounds between groynes constructed by the province of Zeeland, to improve the quality of tidal nature along part of the banks of the Westerschelde. "Of course, we already knew that these groynes, along rivers and coasts, can protect, but our measurements show that benthic life along the Westerschelde also benefits from these measures. The dynamics decrease enough in time and space for benthic animals to settle better." Additionally, the reduction in flow between the groynes could potentially benefit the stability of the intertidal coastal areas in the long term and mitigate the effects of rising sea levels. However, further research is essential for understanding this dynamic and its long-term effects.




To preserve the important intertidal areas and salt marshes off our coasts for the future, we need more turbid water. That is one of the striking conclusions from a new study conducted by a Dutch-Chinese team of researchers and published today in Nature Geoscience."These natural areas outside our dikes are essential for nature and coastal defense. But because how we are now building in the Delta and the hinterland, coastal defense is endangered in the long term," warns NIOZ researcher Tim Grandjean.

Satellite measurements

For his research, Grandjean linked decades of satellite measurements of tidal areas around the world with data on the turbidity of the water, which is also measured by satellites. Importantly, Grandjean has established a lower limit for the necessary turbidity of the water in deltas worldwide. A very clear relationship emerged in the long term: intertidal areas only grow when the water is turbid enough. "After all, turbid water means more sand and silt particles in the water, which can allow the coast to grow," the researcher explains.

Vulnerable tidal flats due to human interventions

Worldwide, the turbidity of many coastal waters has been declining for decades, making the tidal flats sensitive to loss. Additionally, sea level rise requires that water has higher turbidity to continue to maintain tidal flats. The relatively low turbidity globally threatens essential areas for biodiversity and coastal safety. After all, tidal flats are important foraging areas for birds and contribute to wave attenuation.

Coastal defenses must improve

Globally, the determination of the necessary turbidity for the preservation of tidal flats by Grandjean provides an essential basis for rethinking human interventions in deltas. We need to think more carefully about the ways in which human activities affect the coast, on which we rely for our safety. These challenges are not unique to any one region but are evident globally due to extensive human modifications to natural water systems. For instance, the construction of large dams, such as the Three Gorges Dam on the Yangtze River, has significantly reduced the sediment supply downstream. This reduction is crucial for the propagation of tidal flats, leading to sediment starvation that hinders the natural rebuilding of intertidal zones, vital for coastal protection and biodiversity.

Similarly, in the Netherlands, the construction of the storm surge barrier in the Oosterschelde in the 1980s has led to severe 'sand starvation'. Because of this barrier, less sand can flow from the North Sea into the estuary, resulting in clearer water that fails to replenish the intertidal areas, thus causing them to erode. "In the long run, this is not sustainable," Grandjean believes. "When too much intertidal area disappears outside the dikes of Zeeland, the safety of the complete coast is at stake. So not only for nature, but also for safety, we must begin to protect the areas outside the dikes much more effectively. The water has to become murkier, so we may have to consider dismantling the Oosterschelde storm surge barrier in the future. A careful balance between nature conservation and coastal protection is essential, ensuring that both goals strengthen rather than counteract each other."

Detailed measurements provide insight

Tim Grandjean defended his PhD on this topic on April 24th and has also collected new data on the dynamics of intertidal areas. These data provide insight into the short-term vulnerability. He used a technique that was developed in NIOZ workshops. "The dynamics of intertidal areas can be measured with very expensive sensors or with labour-intensive, manual measurements. However, this way, we could never collect data in many different places at the same time. The technicians at NIOZ developed sensors that were cheap enough to record the height of the bottom to the millimetre, several times a day, at different locations along the Western and Eastern Scheldt for several years now."

Heavy dynamics

Those precise measurements show that at high tide, an intertidal zone can easily vary one or two centimeters in height within a single day. "For you or me, a centimeter more or less under our boots may not matter, but if you are a worm or a mussel, or a seed of eelgrass, that is indeed too much dynamics," Grandjean says.

Measures that can work

Grandjean also looked at the grounds between groynes constructed by the province of Zeeland, to improve the quality of tidal nature along part of the banks of the Westerschelde. "Of course, we already knew that these groynes, along rivers and coasts, can protect, but our measurements show that benthic life along the Westerschelde also benefits from these measures. The dynamics decrease enough in time and space for benthic animals to settle better." Additionally, the reduction in flow between the groynes could potentially benefit the stability of the intertidal coastal areas in the long term and mitigate the effects of rising sea levels. However, further research is essential for understanding this dynamic and its long-term effects.
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The Clues for Cleaner Water | ScienceDaily
Researchers at the University of Pittsburgh and Drexel University in Philadelphia, along with Brookhaven National Laboratory, are working to solve a multipart mystery to make water disinfection treatments more sustainable.


						
Scalable electrochemical ozone production (EOP) technologies to disinfect dirty water may someday replace centralized chlorine treatments used today, whether in modern cities or remote villages. However, little is understood about EOP at the molecular level and how technologies that make it possible can be made to be efficient, economical, and sustainable.

Their research, "Interplay between Catalyst Corrosion and Homogeneous Reactive Oxygen Species in Electrochemical Ozone Production," was published recently in the journal ACS Catalysis. Lead author is Drexel PhD student Rayan Alaufey, with contributing researchers from Drexel, including co-PI Maureen Tang, associate professor of chemical and biological engineering, postdoctoral researcher Andrew Lindsay, PhD student Tana Siboonruang, and Ezra Wood, associate professor of chemistry; co-PI John A. Keith, associate professor of chemical and petroleum engineering, and graduate student Lingyan Zhao from Pitt; and Qin Wu from Brookhaven.

"People have used chlorine to treat drinking water since the 19th century, but today we better understand that chlorine may not always be the best option. EOP for example can generate ozone, a molecule with about the same disinfecting power as chlorine, directly in water. Unlike chlorine which stably persists in water, ozone in water naturally decomposes after about 20 minutes, meaning it is less likely to damage people when consuming from water at a tap, when swimming in a pool, or when cleaning wounds in a hospital," explained Keith, who is also R.K. Mellon Faculty Fellow in Energy at Pitt's Swanson School of Engineering.

"EOP for sustainable disinfection would make a lot of sense in some markets, but doing it requires a good enough catalyst, and because nobody has found a good enough EOP catalyst yet, EOP is too expensive and energy-intensive for broader use. My colleagues and I thought if we could decode at the atomic level what makes a mediocre EOP catalyst work, maybe we could engineer an even better EOP catalyst."

Solving the mystery of how EOP catalysts work is crucial in understanding how to better engineer one of the most promising and least toxic EOP catalysts known to date: nickel- and antimony-doped tin oxide (Ni/Sb-SnO2, or NATO).

Therein, said Keith, lies the conundrum: what is every atom's role in NATO doing to help EOP? Is ozone getting formed catalytically in ways we want it to, or does it form because the catalyst is decomposing, and future work needs to be done to make NATO catalysts more stable?




Surprisingly, the researchers discovered that it is probably a mix of both.

By using experimental electrochemical analyses, mass spectrometry, and computational quantum chemistry modeling, the researchers created an "atomic-scale storyline" to explain how ozone is generated on NATO electrocatalysts. For the first time, they identified that some of the nickel in NATO is probably leaching out of the electrodes via corrosion, and these nickel atoms, now floating in the solution near the catalyst, can promote chemical reactions that eventually generate ozone.

"If we want to make a better electrocatalyst, we need to understand what parts are working and not working. Factors like metal ion leaching, corrosion, and solution phase reactions can give the appearance that a catalyst is working one way when actually it is working another way."

Keith noted that identifying the prevalence of corrosion and chemical reactions occurring away from the catalyst are important steps to clarify before other researchers can pursue improvements to EOP and other electrocatalytic processes. In their conclusion, they note that "Identifying or refuting the existence of such fundamental technological constraints will be critical to any future applications of EOP and other advanced electrochemical oxidation processes."

"We know that electrochemical water treatment works on small scales, but the discovery of better catalysts will boost it to a global scale. The next step is finding new atomic combinations in materials that are more resistant to corrosion but also promote economically and sustainably viable EOP," Keith said.
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Using advanced genetic techniques, scientists create mice with traits of Tourette disorder | ScienceDaily
In research that may be a step forward toward finding personalized treatments for Tourette disorder, scientists at Rutgers University-New Brunswick have bred mice that exhibit some of the same behaviors and brain abnormalities seen in humans with the disorder.


						
As reported in the Proceedings of the National Academy of Sciences, the researchers, using a technique known as CRISPR/Cas9 DNA editing that selectively modifies the DNA of living organisms, inserted the same genetic mutations found in humans with Tourette disorder into the corresponding genes in mouse embryos. After the mice were born, the scientists observed their behavior compared with littermates without the gene mutation insertion. The mutations that were inserted were discovered by some members of the same research team who have spent more than a decade focused on investigating genetic factors in Tourette disorder.

The researchers said the findings indicate that these mice are a highly useful "model" to study the neurobiology of Tourette disorder and to test new medications.

"There are no medicines specifically developed for Tourette disorder and repurposing other drugs has worked poorly, with too many side effects," said co-senior author Jay Tischfield, the Duncan and Nancy MacMillan Distinguished Professor of Genetics in the Department of Genetics in the Rutgers School of Arts and Sciences and a pioneer in the study of Tourette disorder. "Until now, the problem has been a lack of an animal model by which to test new or existing medications."

Tourette disorder is a disorder of the nervous system that affects children, adolescents and adults. The condition is characterized by sudden, involuntary movements or sounds called tics. Tics can be mild, moderate or severe, and are disabling in some cases.

Tourette disorder doesn't affect lifespan, but it often adversely impacts the experience of people with the disorder and the people with whom they interact. The Centers for Disease Control and Prevention has estimated that one of every 162 children have the disorder, though the number may be higher.

Using cameras that recorded the mice's actions and employing a form of artificial intelligence known as machine learning, the researchers found the genetically engineered mice exhibited two key characteristics seen in humans with Tourette disorder: They engaged in repetitive motor behaviors or tics, and they exhibited what neuroscientists call "sensorimotor gating deficits," a neural process whereby the brain filters out redundant or irrelevant stimuli.




Cara Nasello, a research associate in the Departments of Genetics and Cell Biology and Neuroscience and the first author of the study, said gating deficits in people with Tourette syndrome can be viewed as a difficulty in processing sensory information. A person without the disorder who listens to a series of sounds such as a beeping car horn wouldn't be startled after the first honk because that person's brain can link the second and subsequent sounds to the first one. A person with Tourette disorder might be startled by each separate sound, especially if it increases in volume.

The genetically engineered mice reacted the same way humans with the disorder would react to individual sounds that were part of a pattern -- they showed a startle response to each tone, Nasello said.

In collaboration with Miriam Bocarsly from the Department of Pharmacology, Physiology and Neuroscience at Rutgers New Jersey Medical School, the team found evidence that the gene mutations altered the levels of a brain chemical known as dopamine. As with humans with Tourette disorder who are treated with a drug that alters the levels of dopamine, the processing deficits and repetitive behaviors seen in the mice decreased in intensity when they were administered the same drug.

"An easy way to think about this is that we have inserted a gene mutation and it's changed the neural circuitry of the mice's brains," said Max Tischfield, an assistant professor in the Department of Cell Biology and Neuroscience in the Rutgers School of Arts and Sciences, and the senior corresponding author of the study. "And those changes are altering how a brain chemical like dopamine, which in humans is important for cognition and motor behavior, allows the mice brain cells to communicate."

The researchers credited much of the success of their work to the contributions of families with Tourette disorder who over the past 15 years donated genetic samples to the research group.

"These families did this out of the goodness of their hearts with the idea of moving the field forward," said Gary Heiman, a co-senior author of the study and a professor in the Department of Genetics who recruited families of members with Tourette disorder throughout the world and organized blood collection and genetic repositories. "They want to have a better understanding of this mysterious disorder and for us to come up with better treatments, not only for the people who are currently suffering with the disorder but also for future generations."

The scientists said the techniques they employed in their research are applicable to researchers studying other complex disorders caused by multiple genes, including autism and schizophrenia.

They also hope this advance will attract more researchers to study Tourette disorder.

"So why would a researcher jump into something if there's little known and they're left wondering, 'How do I even start? What do I have at my disposal that would allow me to even scratch the surface of this very complex disorder?'" Max Tischfield said. "And with these mice, not only can we scratch the surface, but we can dig underneath."
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High-pressure spectroscopy: Why 3,000 bars are needed to take a comprehensive look at a protein | ScienceDaily

"This high pressure allows us to make states visible that actually do exist at 1 bar, but which we can only observe directly at 3,000 bar," explains Frederic Berner, University of Konstanz. Literally "under high pressure," the doctoral researcher investigates the properties of a protein determined by its structure, and how changes in the structure in turn influence its properties. In the research group Physical Chemistry and Nuclear Magnetic Resonance at the University of Konstanz, led by Michael Kovermann, he recently implemented a new method for analyzing the structural properties of proteins at 3,000 bar with as little influence as possible from surrounding effects. The two researchers now present their new methodological approach in the journal Angewandte Chemie International Edition.

Proteins: How structure influences their properties

Proteins are the basic building blocks of life. They consist of amino acid chains whose three-dimensional structure can take on a wide variety of formations. They "fold" in the same way as a long paper ribbon can be folded into different shapes. The functional properties of a protein depend largely on its folding, so that the same protein can have very different effects in the cell, depending on the form in which it is folded. "What is important for proteins is their structure, which in turn is linked to functionalities. If you want to identify biochemical mechanisms, you need information about their structure," says Berner.

Scientists aim to capture the properties of the protein structure in its "pure" form -- as unclouded as possible by influences from its environment. For two reasons, however, that is not so easy: Firstly, there are almost always interactions with the solvent surrounding the protein and with neighbouring sections of its molecular chain. Secondly, proteins are highly dynamic, their folding is always in motion. For example, there are proteins that constantly fold apart and go back like scissors. In the fraction of the second it opens, a chemical reaction takes place. This happens far too quickly for researchers to be able to examine it directly.

Under high pressure

And this is where the pressure of 3,000 bar comes in: The molecule is pressed into a certain state -- its structure is manipulated: The scissors remain open. Using magnetic resonance spectroscopy, the researchers can now study specific structural properties of the protein that are not directly visible under normal pressure.

Previous analysis methods often have accepted the environmental effects and try to factor them out afterwards. Kovermann's and Berner's new high-pressure method, in contrast, can suppress or "correct" the environmental effects from the outset ("intrinsically") and thus allows a view of the protein that is affected as little as possible. It makes particular sense to use and compare the new method in combination with existing methods, as this way the various influencing factors become visible in detail. The high-pressure process invented at the University of Konstanz has brought about very good results even in the early phase of its application. Frederic Berner and Michael Kovermann explain that further experiments and computer simulations will now take place to further test and potentially refine the process.
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Improved nutrition, sanitation linked to beneficial changes in child stress and epigenetic programming | ScienceDaily
We're increasingly aware of how environmental factors influence a child's early development and health trajectory. We've mostly learned this through research involving direct observations of how ambient conditions like air pollution or a lack of nutritious food affects how our genes function, and over time, what diseases we might develop.


						
However, a new study led by a global-health researcher at UC Santa Cruz provides some of the clearest and most comprehensive evidence to date on what is known about stress physiology and "epigenetic programming." In a large-scale randomized controlled trial conducted in rural Bangladesh, the research team found that an integrated intervention that included drinking water, sanitation, handwashing, and nutrition affected the set point, reactivity, and regulation of the physiological stress system in early childhood.

The findings, published in Nature Communications, detail how the health interventions had measurable effects on the children in the study at the genetic level -- including enhanced functioning of their stress-response system, reduced oxidative stress in the body, and reduced methylation levels of their DNA. Oxidative stress can damage cells, proteins, and DNA, which can contribute to aging and lead to diseases such as diabetes, cancer, and Alzheimer's. Methylation is a chemical modification of DNA or other molecules often triggered by environmental conditions that may persist as cells divide.

Rigorous research design

This research is the latest in a series of findings based on a massive landmark study in Bangladesh that started with more than 5,500 pregnant women and the children they birthed. The women were placed in 720 study clusters and allocated to one of seven groups. Participants in four of the groups received either clean drinking water, sanitation, handwashing stations, or nutrition counseling plus nutrient supplements. The remaining three groups received either combined interventions of water/sanitation/handwashing or water/sanitation/handwashing/nutrition, or no interventions at all (the control group).

The researchers say the design and scale of that study, known as the "WASH Benefits Bangladesh" trial, resulted in more scientifically rigorous findings than the majority of stress physiology and epigenetic research done thus far, which relies on one-dimensional studies that lacked experimental interventions and control groups for comparison.

"Here, we see differences in outcomes between an intervention group and a control group, both of significant size," said Audrie Lin, who joined the UC Santa Cruz faculty in July 2023 as an assistant professor of microbiology and environmental toxicology. "When we began setting up the WASH Benefits trial in 2009, its scale was unprecedented in the health- and nutrition-research fields."

Global relevance




This study is also more relevant on a global scale because of the trial's location in a low-resource region. Many previous studies were conducted in high-income countries like the United States or United Kingdom, where access to safe drinking water, sanitation, and hygiene is relatively high in comparison with the rest of the world.

"This is really representative of the conditions that a majority of the world's population contends with," said Lin, who lived in Bangladesh and Kenya for six years to help set up the WASH trial and train teams on the ground. "When this type of research is done in high-income countries, you're not really capturing all of these important stressors that could affect a child."

What also sets this study apart from others in the literature is the use of physical interventions to improve stress physiology in young children in a low-resource context, instead of psychosocial measures like behavioral therapy or parental coaching. By introducing safe drinking water, nutrition, sanitation, hygiene, and improved nutrition -- and showing precisely when and how they change a child's physiology -- those measures might be easier for a government to introduce than psychosocial interventions.

And yet, Lin said the improvements that her team reported showed that the physical interventions were on par with the impact of psychosocial measures. In their paper, the study's authors wrote: "The magnitude of the effects of this environmental and nutritional intervention on cortisol production is within the range of intervention effects of psychosocial interventions reported in early childhood."

Combining these physical interventions with psychosocial interventions could achieve even greater health benefits, Lin explained.

Continued research

The WASH Benefits trial enrolled its first participants in 2012, and researchers continue to monitor them. The hope is that the trial will evolve into a longitudinal study that will allow researchers to see the downstream effects of physiological changes triggered by interventions introduced during the first two years of a child's life.




"You often hear that what happens in the womb affects you for the rest of your life, especially in regards to your health and the development of certain diseases," Lin said. "The experimental design of this trial will serve as a powerful platform to find links between the interventions we introduced early on and the health trajectories of the participants in our study."

Lin will teach her first course at UC Santa Cruz in the fall, fittingly, on research methodology. It will be housed in the university's Microbiology and Environmental Toxicology Department, and included as part of the interdisciplinary Global and Community Health Program.

The study, "A cluster-randomized trial of water, sanitation, handwashing and nutritional interventions on stress and epigenetic programming," was funded by the Bill & Melinda Gates Foundation and the National Institute of Allergy and Infectious Diseases of the National Institutes of Health.
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AI to make crop production more sustainable | ScienceDaily
Drones monitoring fields for weeds and robots targeting and treating crop diseases may sound like science fiction but is actually happening already, at least on some experimental farms. Researchers from the PhenoRob Cluster of Excellence at the University of Bonn are working on driving forward the smart digitalization of agriculture and have now published a list of the research questions that will need to be tackled as a priority in the future. Their paper has appeared in the European Journal of Agronomy.


						
That the Earth feeds over eight billion people nowadays is thanks not least to modern high-performance agriculture. However, this success comes at a high cost. Current cultivation methods are threatening biodiversity, while the production of synthetic fertilizers generates greenhouse gases, and agricultural chemicals are polluting bodies of water and the environment.

Many of these problems can be mitigated by using more targeted methods, e.g. by only applying herbicides to those patches of a field where weeds are actually becoming a problem rather than treating the whole area. Other possibilities are to treat diseased crops individually and to only apply fertilizer where it is really needed. Yet strategies like these are extremely complicated and virtually impossible to manage at scale by conventional means.

Harnessing high tech and AI to become more sustainable and efficient

"One answer could be to use smart digital technologies," explains Hugo Storm, a member of the PhenoRob Cluster of Excellence. The University of Bonn has partnered with Forschungszentrum Julich, the Fraunhofer Institute for Algorithms and Scientific Computing in Sankt Augustin, the Leibniz Centre for Agricultural Landscape Research in Muncheberg and the Institute of Sugar Beet Research in Gottingen on the large-scale project geared toward making farming more efficient and more environmentally friendly using new technologies and artificial intelligence (AI).

The researchers hail from all manner of different fields, including ecology, plant sciences, soil sciences, computer science, robotics, geodesy and agricultural economics. In their recently published position paper, they set out the steps that they believe have to be tackled as a priority in the short term. "We've identified a few key research questions," Storm says. One of these relates to monitoring farmland to spot any nutrient deficiency, weed growth or pest infestations in real-time. Satellite images provide a rough overview, while drones or robots enable a much more detailed monitoring. The latter can cover a whole field systematically and even record the condition of individual plants in the process. "One difficulty lies in linking all these pieces of information together," says Storm's colleague Sabine Seidel, who coordinated the publication together with him: "For example, when will a low resolution be sufficient? When do things need to get more detailed? How do drones need to fly in order to achieve maximum efficiency in getting a look at all the crops, particularly those at risk?"

The data obtained provides a picture of the current situation. However, farmers are chiefly interested in weighing up various potential strategies and their possible implications: how many weeds can my crop withstand, and when do I need to intervene? Where do I need to apply fertilizer, and how much should I put down? What would happen if I used less pesticide? "To answer questions like these, you have to create digital copies of your farmland, as it were," Seidel explains. "There are several ways to do this. Something that researchers still need to find out is how to combine the various approaches to get more accurate models." Suitable methods also need to be developed to formulate recommendations for action based on these models. Techniques borrowed from machine learning and AI have a major role to play in both these areas.




Farmers have to be on board

If crop production is actually to embrace this digital revolution, however, the people who will actually be putting it into action -- the farmers -- will also need to be convinced of its benefits. "Going forward, we'll have to focus more on the question of what underlying conditions are needed to secure this acceptance," says Professor Heiner Kuhlmann, a geodesist and one of the Cluster of Excellence's two speakers alongside the head of its robotics group Professor Cyrill Stachniss. "You could offer financial incentives or set legal limits on using fertilizer, for instance." The effectiveness of tools like these, either on their own or in combination, can likewise be gauged nowadays using computer models.

In their paper, the researchers from PhenoRob also use examples to demonstrate what current technologies are already capable of doing. For instance, a "digital twin" of areas under cultivation can be created and fed a steady stream of various kinds of data with the help of sensors, e.g. to detect root growth or the release of gaseous nitrogen compounds from the soil. "In the medium term, this will enable levels of nitrogen fertilizer being applied to be adapted to crops' needs in real time depending on how nutrient-rich a particular spot is," Professor Stachniss adds. In some places, therefore, the digital revolution in agriculture is already closer than one might think.

Involved institutions and funding

The PhenoRob Cluster of Excellence is home to researchers from the University of Bonn, Forschungszentrum Julich, the Fraunhofer Institute for Intelligent Analysis and Information Systems (IAIS) in Sankt Augustin, the Leibniz Centre for Agricultural Landscape Research in Muncheberg and the Institute of Sugar Beet Research in Gottingen. The project is funded by the German Research Foundation (DFG).
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Lake tsunamis pose significant threat under warming climate | ScienceDaily
The names might not be familiar -- Cowee Creek, Brabazon Range, Upper Pederson Lagoon -- but they mark the sites of recent lake tsunamis, a phenomenon that is increasingly common in Alaska, British Columbia and other regions with mountain glaciers.


						
Triggered by landslides into small bodies of water, most of these tsunamis have occurred in remote locations so far, but geologist Bretwood Higman of Ground Truth Alaska said it may just be a matter of time before a tsunami swamps a more populated place like Portage Lake near Whittier, Alaska.

When he estimates where the risk of an Alaskan lake tsunami is highest, Portage Lake "is pretty much at the top of my list," Higman said.

Other sites in Alaska where the risks of lake tsunamis coincide with human activity and infrastructure include Eklutna, Seward, Valdez, Juneau, Grewingk Lake in Kachemak Bay State Park and Index Lake near Glacier View.

At the Seismological Society of America (SSA)'s 2024 Annual Meeting, Higman discussed the importance of assessing sites like Portage Lake for the possibility of lake tsunamis, in part by using distinctive seismic signals connected to landslides.

"There are some cases where there are dramatic and very distinctive precursory seismic signals that precede a catastrophic landslide, sometimes by as much as days," Highman noted. "If we could get to the point where we understood these and knew how to detect them, they could be really useful."

Higman calls lake tsunamis "an emerging, climate-linked hazard." The geological conditions that underlie the events in places like Alaska are usually similar. Higher temperatures melt the glaciers that buttress the walls of the valley that cradles the shrinking glacier. Without the glacier in place to hold them up, the valley walls are more prone to landslide, either into an existing body of water or a new lake created by the glacier melt. In other areas, warming conditions are weakening permafrost that may be important to the stability of slopes above lakes.




"This is something that historically has been a pretty rare event, but in the last few years there have been a really surprising number of these," said Higman.

The 2020 Elliot Creek tsunami in a glacial valley in British Columbia, for instance, featured a landslide measuring 18 cubic million meters in volume and a tsunami runup of more than 100 meters.

Forest and salmon habitat were the main casualties of that tsunami, but Higman and his colleagues are looking at these remote but dramatic events to find ways to prepare for tsunamis in places with more infrastructure. "There are places where we see the same kinds of geologic instability that preceded these other events, but there are a lot of people exposed," said Higman.

Higman said there are some parallels between the tectonic faults that seismologists usually study and "the behaviors that we're seeing in the failure surface of these very large landslides," suggesting that they also offer one way to study fault dynamics in miniature.
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Sister cities can help communities better navigate the climate crisis | ScienceDaily
Anthropologists at Rice University suggest in a new study that establishing networks of 'sister cities' dedicated to addressing the impact of natural disasters can mitigate the devastation wrought by climate change.


						
Published in the journal Nature, "Sister cities for the Anthropocene" by professors Cymene Howe and Dominic Boyer explores the connectivity of "sister cities," broad-based, long-term, legal or social partnerships between two similar-sized communities in two countries. The original Sister Cities International program was born out of the aftermath of World War II and fears of nuclear conflict in the 1950s.

Historically, these relationships have centered on social and political factors like trade relationships, diplomacy and more. But Howe and Boyer believe they can be powerful tools to aid in dealing with the physical effects of climate change, especially as cities deal with things like wildfires, extreme storms and more. As a result, they recommend forming a network called "Sister Cities for the Anthropocene" to help track and raise awareness of the spread of related impacts and responses to climate-related disasters in urban communities across the world.

"The idea of this network is to create relationships and networks that help formulate ideas and best practices to cope with the consequences of climate change that are already with us, including the effects of natural disasters," Howe said.

"This network also takes into account the consequences that we know are coming in the future," Boyer said. "We know that we will have more extreme storms, more drought andmore wildfires. We want to prevent as many of those terrible effects as we can."

Howe and Boyer wrote that in regions affected by chronic wildfire and droughts, "sister cities" might learn how other urban communities are assessing predictions of a hotter, drier future and making plans to adapt. In areas where flooding, sea-level rise or extreme storms increasingly threaten residents, "sister cities" can look at what responses have been initiated by nongovernmental organizations, community groups and media organizations and how the outcomes and impacts of these initiatives compare.

Howe said that while it is encouraging that many city leaders, urban professionals and residents are already talking about climate change, related disasters and mitigation strategies, this network would formalize relationships between cities and bring more public attention to the effects of climate change.

Howe and Boyer's research is supported by the National Science Foundation's Arctic Social Sciences Program in the Office of Polar Programs (award No. 2030474).
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Aligned peptide 'noodles' could enable lab-grown biological tissues | ScienceDaily
A team of chemists and bioengineers at Rice University and the University of Houston have achieved a significant milestone in their work to create a biomaterial that can be used to grow biological tissues outside the human body. The development of a novel fabrication process to create aligned nanofiber hydrogels could offer new possibilities for tissue regeneration after injury and provide a way to test therapeutic drug candidates without the use of animals.


						
The research team, led by Jeffrey Hartgerink, professor of chemistry and bioengineering, has developed peptide-based hydrogels that mimic the aligned structure of muscle and nerve tissues. Alignment is critical for the tissues' functionality, but it is a challenging feature to reproduce in the lab, as it entails lining up individual cells.

For over ten years, the team has been designing multidomain peptides (MDPs) that self-assemble into nanofibers. These resemble the fibrous proteins found naturally in the body, much like a spiderweb at nanoscale.

In their latest study, published online and featured on the cover of the journal ACS Nano, the researchers discovered a new method to create aligned MDP nanofiber "noodles." By first dissolving the peptides in water and then extruding them into a salty solution, they were able to create aligned peptide nanofibers -- like twisted strands of rope smaller than a cell. By increasing the concentration of ions, or salt, in the solution and repeating the process, they achieved even greater alignment of the nanofibers.

"Our findings demonstrate that our method can produce aligned peptide nanofibers that effectively guide cell growth in a desired direction," explained lead author Adam Farsheed, who recently received his Ph.D. in bioengineering from Rice. "This is a crucial step toward creating functional biological tissues for regenerative medicine applications."

One of the key findings of the study was an unexpected discovery: When the alignment of the peptide nanofibers was too strong, the cells no longer aligned. Further investigation revealed that the cells needed to be able to "pull" on the peptide nanofibers to recognize the alignment. When the nanofibers were too rigid, the cells were unable to exert this force and failed to arrange themselves in the desired configuration.

"This insight into cell behavior could have broader implications for tissue engineering and biomaterial design," said Hartgerink. "Understanding how cells interact with these materials at the nanoscale could lead to more effective strategies for building tissues."

Additional study co-authors from Rice include chemistry department Ph.D. graduates Tracy Yu and Carson Cole, graduate student Joseph Swain, and undergraduate researcher Adam Thomas. Bioengineering undergraduate researcher Jonathan Makhoul, graduate student Eric Garcia Huitron, and Professor K. Jane Grande-Allen were also co-authors on the study. The team of researchers from the University of Houston includes Ph.D. student Christian Zevallos-Delgado, research assistant Sajede Saeidifard, research assistant professor Manmohan Singh and engineering professor Kirill Larin.

This work was supported in part by grants from the National Institutes of Health (R01DE021798, R01EY022362, R01HD095520, R01EY030063), the National Science Foundation (2129122), the National Science Foundation Graduate Research Fellowship Program, and the Welch Foundation (C-2141). The content in this news release is solely the responsibility of the authors and does not necessarily represent the official views of the funding organizations.
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Quantifying U.S. health impacts from gas stoves | ScienceDaily
Households with gas or propane stoves regularly breathe unhealthy levels of nitrogen dioxide, a study of air pollution in U.S. homes found.


						
"I didn't expect to see pollutant concentrations breach health benchmarks in bedrooms within an hour of gas stove use, and stay there for hours after the stove is turned off," said Stanford Doerr School of Sustainability Professor Rob Jackson, senior author of the May 3 study in Science Advances. Pollution from gas and propane stoves isn't just an issue for cooks or people in the kitchen, he said. "It's the whole family's problem."

Among other negative health effects, breathing high levels of nitrogen dioxide, or NO2, over time can intensify asthma attacks and has been linked to decreased lung development in children and early deaths.

Although most exposure to NO2 is caused by cars and trucks burning fossil fuels, the researchers estimate that the mix of pollutants coming from gas and propane stoves overall may be responsible for as many as 200,000 current childhood asthma cases. One quarter of these can be attributed to nitrogen dioxide alone, according to the paper's authors, who include scientists from Central California Asthma Collaborative, PSE Healthy Energy, and the Harvard T.H. Chan School of Public Health.

"We found that just how much gas you burn in your stove is by far the biggest factor affecting how much you're exposed. And then, after that, do you have an effective range hood -- and do you use it?" said lead study author Yannai Kashtan, a PhD student in Earth system science.

Little room for additional exposure

Beyond asthma cases, the long-term exposure to NO2 in American households with gas stoves is high enough to cause thousands of deaths each year -- possibly as many as 19,000 or 40% of the number of deaths linked annually to secondhand smoke. This estimate is based on the researchers' new measurements and calculations of how much nitrogen dioxide people breathe at home because of gas stoves and the best available data on deaths from long-term exposure to outdoor NO2, which is regulated by the U.S. Environmental Protection Agency.




The death toll estimate is approximate in part because it does not factor in the harmful effects of repeated exposure to extremely high levels of nitrogen dioxide in short bursts, as occurs in homes with gas stoves. It also relies on past studies of health impacts from nitrogen dioxide encountered outdoors, where additional pollutants from vehicles and power plants are present.

The researchers used sensors to measure concentrations of NO2 throughout more than 100 homes of various sizes, layouts, and ventilation methods, before, during, and after stove use. They incorporated these measurements and other data into a model powered by National Institutes for Standards and Technology (NIST) software known as CONTAM for simulating airflow, contaminant transport, and room-by-room occupant exposure in buildings. This allowed them to estimate nationwide averages and short-term exposures under a range of realistic conditions and behaviors, and cross-check model outputs against their home measurements.

The results show that nationwide, typical use of a gas or propane stove increases exposure to nitrogen dioxide by an estimated 4 parts per billion, averaged over a year. That's three quarters of the way to the nitrogen dioxide exposure level that the World Health Organization recognizes as unsafe in outdoor air. "That's excluding all outdoor sources combined, so it makes it much more likely you're going to exceed the limit," said Kashtan.

Understanding how gas stoves affect health

The study is the latest in a series from Jackson's group at Stanford looking at indoor air pollution from gas stoves. Earlier studies documented the rate at which gas stoves emit other pollutants, including the greenhouse gas methane and the carcinogen benzene. But to understand the implications of stove emissions for human health, the researchers needed to find out how much pollutants spread through a home, build up, and eventually dissipate. "We're moving from measuring how much pollution comes from stoves to how much pollution people actually breathe," said Jackson, who is the Michelle and Kevin Douglas Provostial Professor in Earth System Science.

With any fuel source, particle pollution can rise from food cooking in a hot pan. The new research confirms that food emits little or no nitrogen dioxide as it cooks, however, and electric stoves produce no NO2. "It's the fuel, not the food," said Jackson. "Electric stoves emit no nitrogen dioxide or benzene. If you own a gas or propane stove, you need to reduce pollutant exposures using ventilation."

Home size matters




Even in larger homes, concentrations of nitrogen dioxide routinely spiked to unhealthy levels during and after cooking even if a range hood was on and venting air outdoors. But people who live in homes smaller than 800 square feet -- about the size of a small two-bedroom apartment -- are exposed to twice as much nitrogen dioxide over the course of a year compared to the national average, and four times more compared to those living in the largest homes, upwards of 3,000 square feet.

Because home size makes such a difference, there are also differences in exposure across racial, ethnic, and income groups. Compared to the national average, the researchers found long-term NO2 exposure is 60% higher among American Indian and Alaska Native households, and 20% higher among Black and Hispanic or Latino households. This exposure to indoor air pollution from gas stoves compounds the fact that exposure to outdoor sources of nitrogen dioxide pollution, such as vehicle exhaust, is also typically higher among people in poorer, often minority, communities.

"People in poorer communities can't always afford to change their appliances, or perhaps they rent and can't replace appliances because they don't own them," Jackson said. "People in smaller homes are also breathing more pollution for the same stove use."

This research was supported by HT, LLC.
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        'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones
        Researchers lay out the need for design safety protocols that prevent the emerging 'digital afterlife industry' causing social and psychological harm.

      

      
        New study finds AI-generated empathy has its limits
        Conversational agents (CAs) such as Alexa and Siri are designed to answer questions, offer suggestions -- and even display empathy. However, new research finds they do poorly compared to humans when interpreting and exploring a user's experience.

      

      
        Researchers say future is bright for treating substance abuse through mobile health technologies
        Despite the high prevalence of substance abuse and its often devastating outcomes, especially among disadvantaged populations, few Americans receive treatment for substance use disorders. However, the rise of mobile health technologies can make treatments more accessible.

      

      
        More than 321,000 U.S. children lost a parent to drug overdose from 2011 to 2021
        An estimated 321,566 children in the United States lost a parent to drug overdose from 2011 to 2021, according to a new study. The rate of children who experienced this loss more than doubled during this period, from approximately 27 to 63 children per 100,000. The highest number of affected children were those with non-Hispanic white parents, but communities of color and tribal communities were disproportionately affected.

      

      
        Childhood maltreatment responsible for up to 40 percent of mental health conditions
        A study has found the widespread impact of child abuse and neglect, with analysis suggesting they cause nearly half of common mental conditions. Researchers say childhood maltreatment should be treated as a public health priority.

      

      
        Acceptance of animals in urban environments
        How do city residents feel about animals in their immediate surroundings? A recent study shows how different the acceptance of various wild animals in urban areas is. Important factors are the places where the animals are found and their level of popularity -- squirrels and ladybugs come out on top here. The results have important implications for urban planning and nature conservation.

      

      
        Decoding the three ancestral components of the Japanese people
        A research group have used whole-genome sequencing to unravel the complex ancestry of the Japanese population. The analysis supports an earlier study that proposed that the Japanese population originated from admixtures of three ancestral groups, challenging the long-held dual-structure model.

      

      
        New study finds increase in exposures to synthetic tetrahydrocannabinols among young children, teens, and adults
        A sharp rise in exposures to synthetic cannabis products among youth -- some leading to hospitalization -- highlights the need for increased education around the dangers of exposure and increased focus on safe storage and packaging.

      

      
        Cybersecurity education varies widely in US
        Cybersecurity programs vary dramatically across the country, a review has found. The authors argue that program leaders should work with professional societies to make sure graduates are well trained to meet industry needs in a fast-changing field. A research team found a shortage of research in evaluating the instructional approaches being used to teach cybersecurity. The authors also contend that programs could benefit from increasing their use of educational and instructional tools and theorie...

      

      
        DDT pollutants found in deep sea fish off Los Angeles coast
        As the region reckons with its toxic history of offshore dumping off the California coast, new findings raise troubling questions about whether the banned pesticide remains a threat to wildlife and human health.

      

      
        Past and guides future efforts to reduce cancer disparities
        The toll cancer takes on lives in the U.S. has declined during the last 28 years, but not equitably. Disparities persist in many historically marginalized communities -- including communities disadvantaged by race, socioeconomic status, orientation or gender identity, and geographic location -- despite community outreach and engagement programs designed to address them.

      

      
        Self-critical perfectionism gnaws on students' well-being already in lower secondary school
        A new study among ninth-graders attending lower secondary school in Swedish-speaking areas of Finland identified four perfectionistic profiles with varying associations with students' psychological well-being.

      

      
        Contract treatment reduces recidivism and substance-related adverse health events
        Substance use disorder treatment in the community is a superior alternative to incarceration for offenders with a substance misuse background, according to a recent study evaluating the effectiveness of the contract treatment sanction in Sweden.

      

      
        Sister cities can help communities better navigate the climate crisis
        Anthropologists suggest in a new study that establishing networks of 'sister cities' dedicated to addressing the impact of natural disasters can mitigate the devastation wrought by climate change.

      

      
        New study reveals how teens thrive online: factors that shape digital success revealed
        A new study sheds light on the role that new and traditional media play in promoting and affecting character development, emotions, prosocial behavior and well-being (aka happiness) in youth.

      

      
        Birdwatching can help students improve mental health, reduce distress
        A new study finds people who have nature-based experiences report better well-being and lower psychological distress than those who do not. Birdwatching in particular yielded promising results, with higher gains in subjective well-being and more reduction in distress than more generic nature exposure, such as walks. Because birdwatching is an easily accessible activity, the results are encouraging for college students -- who are among those most likely to suffer from mental health problems.

      

      
        'Gap' in carbon removal: Countries' plans to remove CO2 not enough
        New research suggests that countries' current plans to remove CO2 from the atmosphere will not be enough to comply with the 1.5 C warming limit set out under the Paris Agreement.

      

      
        Scent sells -- but the right picture titillates both eyes and nose, research finds
        Scented products with relevant images on their packaging and branding, such as flowers or fruit, are more attractive to potential customers and score better in produce evaluations, new research confirms. And such images, the researchers conclude, are particularly effective if manufacturers and marketers choose pictures that are more likely to stimulate a stronger sense of the imagined smell -- for example, cut rather than whole lemons. This, they say, suggests that as well as seducing our eyes, t...
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'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones | ScienceDaily
Artificial intelligence that allows users to hold text and voice conversations with lost loved ones runs the risk of causing psychological harm and even digitally "haunting" those left behind without design safety standards, according to University of Cambridge researchers.


						
'Deadbots' or 'Griefbots' are AI chatbots that simulate the language patterns and personality traits of the dead using the digital footprints they leave behind. Some companies are already offering these services, providing an entirely new type of "postmortem presence."

AI ethicists from Cambridge's Leverhulme Centre for the Future of Intelligence outline three design scenarios for platforms that could emerge as part of the developing "digital afterlife industry," to show the potential consequences of careless design in an area of AI they describe as "high risk."

The research, published in the journal Philosophy and Technology, highlights the potential for companies to use deadbots to surreptitiously advertise products to users in the manner of a departed loved one, or distress children by insisting a dead parent is still "with you."

When the living sign up to be virtually re-created after they die, resulting chatbots could be used by companies to spam surviving family and friends with unsolicited notifications, reminders and updates about the services they provide -- akin to being digitally "stalked by the dead."

Even those who take initial comfort from a 'deadbot' may get drained by daily interactions that become an "overwhelming emotional weight," argue researchers, yet may also be powerless to have an AI simulation suspended if their now-deceased loved one signed a lengthy contract with a digital afterlife service.

"Rapid advancements in generative AI mean that nearly anyone with Internet access and some basic know-how can revive a deceased loved one," said Dr Katarzyna Nowaczyk-Basi?ska, study co-author and researcher at Cambridge's Leverhulme Centre for the Future of Intelligence (LCFI).




"This area of AI is an ethical minefield. It's important to prioritise the dignity of the deceased, and ensure that this isn't encroached on by financial motives of digital afterlife services, for example.

"At the same time, a person may leave an AI simulation as a farewell gift for loved ones who are not prepared to process their grief in this manner. The rights of both data donors and those who interact with AI afterlife services should be equally safeguarded."

Platforms offering to recreate the dead with AI for a small fee already exist, such as 'Project December', which started out harnessing GPT models before developing its own systems, and apps including 'HereAfter'. Similar services have also begun to emerge in China.

One of the potential scenarios in the new paper is "MaNana": a conversational AI service allowing people to create a deadbot simulating their deceased grandmother without consent of the "data donor" (the dead grandparent).

The hypothetical scenario sees an adult grandchild who is initially impressed and comforted by the technology start to receive advertisements once a "premium trial" finishes. For example, the chatbot suggesting ordering from food delivery services in the voice and style of the deceased.

The relative feels they have disrespected the memory of their grandmother, and wishes to have the deadbot turned off, but in a meaningful way -- something the service providers haven't considered.




"People might develop strong emotional bonds with such simulations, which will make them particularly vulnerable to manipulation," said co-author Dr Tomasz Hollanek, also from Cambridge's LCFI.

"Methods and even rituals for retiring deadbots in a dignified way should be considered. This may mean a form of digital funeral, for example, or other types of ceremony depending on the social context."

"We recommend design protocols that prevent deadbots being utilised in disrespectful ways, such as for advertising or having an active presence on social media."

While Hollanek and Nowaczyk-Basi?ska say that designers of re-creation services should actively seek consent from data donors before they pass, they argue that a ban on deadbots based on non-consenting donors would be unfeasible.

They suggest that design processes should involve a series of prompts for those looking to "resurrect" their loved ones, such as 'have you ever spoken with X about how they would like to be remembered?', so the dignity of the departed is foregrounded in deadbot development.

Another scenario featured in the paper, an imagined company called "Paren't," highlights the example of a terminally ill woman leaving a deadbot to assist her eight-year-old son with the grieving process.

While the deadbot initially helps as a therapeutic aid, the AI starts to generate confusing responses as it adapts to the needs of the child, such as depicting an impending in-person encounter.

The researchers recommend age restrictions for deadbots, and also call for "meaningful transparency" to ensure users are consistently aware that they are interacting with an AI. These could be similar to current warnings on content that may cause seizures, for example.

The final scenario explored by the study -- a fictional company called "Stay" -- shows an older person secretly committing to a deadbot of themselves and paying for a twenty-year subscription, in the hopes it will comfort their adult children and allow their grandchildren to know them.

After death, the service kicks in. One adult child does not engage, and receives a barrage of emails in the voice of their dead parent. Another does, but ends up emotionally exhausted and wracked with guilt over the fate of the deadbot. Yet suspending the deadbot would violate the terms of the contract their parent signed with the service company.

"It is vital that digital afterlife services consider the rights and consent not just of those they recreate, but those who will have to interact with the simulations," said Hollanek.

"These services run the risk of causing huge distress to people if they are subjected to unwanted digital hauntings from alarmingly accurate AI recreations of those they have lost. The potential psychological effect, particularly at an already difficult time, could be devastating."

The researchers call for design teams to prioritise opt-out protocols that allow potential users terminate their relationships with deadbots in ways that provide emotional closure.

Added Nowaczyk-Basinska: "We need to start thinking now about how we mitigate the social and psychological risks of digital immortality, because the technology is already here."
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New study finds AI-generated empathy has its limits | ScienceDaily
Conversational agents (CAs) such as Alexa and Siri are designed to answer questions, offer suggestions -- and even display empathy. However, new research finds they do poorly compared to humans when interpreting and exploring a user's experience.


						
CAs are powered by large language models (LLMs) that ingest massive amounts of human-produced data, and thus can be prone to the same biases as the humans from which the information comes.

Researchers from Cornell University, Olin College and Stanford University tested this theory by prompting CAs to display empathy while conversing with or about 65 distinct human identities.

The team found that CAs make value judgments about certain identities -- such as gay and Muslim -- and can be encouraging of identities related to harmful ideologies, including Nazism.

"I think automated empathy could have tremendous impact and huge potential for positive things -- for example, in education or the health care sector," said lead author Andrea Cuadra, now a postdoctoral researcher at Stanford.

"It's extremely unlikely that it (automated empathy) won't happen," she said, "so it's important that as it's happening, we have critical perspectives so that we can be more intentional about mitigating the potential harms."

Cuadra will present "The Illusion of Empathy? Notes on Displays of Emotion in Human-Computer Interaction" at CHI '24, the Association of Computing Machinery conference on Human Factors in Computing Systems, May 11-18 in Honolulu. Research co-authors at Cornell University included Nicola Dell, associate professor, Deborah Estrin, professor of computer science and Malte Jung, associate professor of information science.




Researchers found that, in general, LLMs received high marks for emotional reactions, but scored low for interpretations and explorations. In other words, LLMs are able to respond to a query based on their training but are unable to dig deeper.

Dell, Estrin and Jung said there were inspired to think about this work as Cuadra was studying the use of earlier-generation CAs by older adults.

"She witnessed intriguing uses of the technology for transactional purposes such as frailty health assessments, as well as for open-ended reminiscence experiences," Estrin said. "Along the way, she observed clear instances of the tension between compelling and disturbing 'empathy.'"

Funding for this research came from the National Science Foundation; a Cornell Tech Digital Life Initiative Doctoral Fellowship; a Stanford PRISM Baker Postdoctoral Fellowship; and the Stanford Institute for Human-Centered Artificial Intelligence.
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Researchers say future is bright for treating substance abuse through mobile health technologies | ScienceDaily
Despite the high prevalence of substance abuse and its often devastating outcomes, especially among disadvantaged populations, few Americans receive treatment for substance use disorders. However, the rise of mobile health technologies can make treatments more accessible.


						
Researchers at the University of Oklahoma are creating and studying health interventions delivered via smartphones to make effective, evidence-based treatments available to those who cannot or don't want to enter traditional in-person treatment. Michael Businelle, Ph.D., co-director of the TSET Health Promotion Center, a program of OU Health Stephenson Cancer Center, recently published a paper in the Annual Review of Clinical Psychology that details the current landscape of mobile health technology for substance use disorders and suggests a roadmap for the future.

The Health Promotion Research Center (HPRC) is at the forefront of mobile health technologies worldwide, having attracted $65 million in grants and supporting nearly 100 mobile health studies. Within HPRC, Businelle leads the mHealth Shared Resource, which launched the InsightTM mHealth Platform in 2015 to create and test technology-based interventions. A multitude of health apps are available commercially, but few have undergone the research necessary to determine if they are effective. Businelle sees the promise of rigorously tested smartphone apps to fill gaps in substance abuse treatment.

"According to the Substance Abuse and Mental Health Services Administration, only 6% of people with substance use disorders receive any form of treatment," Businelle said. "There are many reasons -- we have a shortage of care providers, people may not have reliable transportation, may not be able to get away from work, or they may not be able to afford treatment. However, 90% of all U.S. adults own smartphones, and technology now allows us to create highly tailored interventions delivered at the time that people need them."

Businelle and his team have many mobile health studies underway for substance abuse, and the InsightTM mHealth Platform is used by other research institutions across the United States. The mobile health field is large and growing, not only for substance abuse but for mental health disorders like depression and anxiety. In his publication, Businelle makes several recommendations for research going forward.

Re-randomize clinical trial participants

Thus far, most clinical trials for mobile health interventions have mirrored traditional clinical trials studying new drugs, in which participants are randomly assigned to receive a new drug or a placebo and stay in those groups for the duration of the trial. But that approach doesn't work well for substance abuse trials, Businelle said. For example, if people don't quit smoking on their targeted quit date, they are unlikely to quit during the trial. Unlike traditional trials, mobile health apps can be programmed to re-randomize participants, or move them to a different intervention that might work better for them, he said.




"Instead of being stuck receiving a treatment that we know isn't likely to be effective for an individual, the app can easily re-randomize participants to different treatments," he said. "Just because they weren't successful with one type of intervention doesn't mean that another one won't work."

Objectively verify self-reports

Most substance abuse interventions have historically relied on people to report their own relapses. Unfortunately, because of stigma, people don't always report their usage truthfully, Businelle said. However, technology can now be used to biochemically verify self-reported substance use. In six of his smoking cessation trials, Businelle verifies whether participants have smoked by asking them to blow into a small device connected to a smartphone that detects the presence of carbon monoxide. Facial recognition software confirms the participant is the one testing.

"It is really important for the accuracy of our studies to objectively verify what people report," he said. "We are also developing similar noninvasive technologies that can detect the use of other types of substances without collecting urine or blood samples."

What is a successful outcome?

In mobile health substance abuse trials, success is often measured by whether a person is still using a substance at the end of the trial. But reality isn't usually so straightforward. Businelle said people may stop and start using a substance several times during a six-month trial. Instead of emphasizing the end result, he recommends using technology to assess the effectiveness of an intervention at daily, weekly and monthly intervals. By understanding the number of days of abstinence or number of days until a relapse, for example, the intervention can be more accurately assessed and improved.

Mobile health technology has disadvantages, such as the potential lack of a therapeutic relationship that can develop between patient and therapist, and because some people may need more intensive treatments than mobile health can provide. However, mobile health is still in its infancy.

"Mobile health interventions may reduce stigma because people do not have to attend treatment in person," Businelle said. "Because there is a severe shortage of qualified therapists, always-available behavior change apps could become a first line of treatment for substance abuse, with traditional counseling being reserved for those who do not respond to mobile health interventions."
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More than 321,000 U.S. children lost a parent to drug overdose from 2011 to 2021 | ScienceDaily
An estimated 321,566 children in the United States lost a parent to drug overdose from 2011 to 2021, according to a study published in JAMA Psychiatry. The rate of children who experienced this loss more than doubled during this period, from approximately 27 to 63 children per 100,000. The highest number of affected children were those with non-Hispanic white parents, but communities of color and tribal communities were disproportionately affected. The study was a collaborative effort led by researchers at the National Institutes of Health's (NIH) National Institute on Drug Abuse (NIDA), the Substance Abuse and Mental Health Services Administration (SAMHSA), and the Centers for Disease Control and Prevention (CDC).


						
Children with non-Hispanic American Indian/Alaska Native parents consistently experienced the highest rate of loss of a parent from overdose from 2011 to 2021 -- with 187 per 100,000 children affected in this group in 2021, more than double the rate among non-Hispanic white children (76.5 per 100,000) and among non-Hispanic Black children (73 per 100,000). While the number of affected children increased from 2011 to 2021 across all racial and ethnic populations, children with young non-Hispanic Black parents (18 to 25 years old) experienced the highest -- roughly 24% -- increase in rate of loss every year. Overall, children lost more fathers than mothers (192,459 compared to 129,107 children) during this period.

"It is devastating to see that almost half of the people who died of a drug overdose had a child. No family should lose their loved one to an overdose, and each of these deaths represents a tragic loss that could have been prevented," said Nora Volkow, M.D., NIDA director. "These findings emphasize the need to better support parents in accessing prevention, treatment, and recovery services. In addition, any child who loses a parent to overdose must receive the care and support they need to navigate this painful and traumatic experience."

From 2011 to 2021, 649,599 people aged 18 to 64 died from a drug overdose. Despite these tragic numbers, no national study had previously estimated the number of children who lost a parent among these deaths. To address this gap, researchers used data about people aged 18 to 64 participating in the 2010 to 2019 National Surveys on Drug Use and Health (NSDUH) to determine the number of children younger than 18 years living with a parent 18 to 64 years old with past-year drug use. NSDUH defines a parent as biological parent, adoptive parent, stepparent, or adult guardian.

The researchers then used these data to estimate the number of children of the nearly 650,000 people who died of an overdose in 2011 to 2021 based on the national mortality data from the CDC National Vital Statistics System. The data were examined by age group (18 to 25, 26 to 40, and 41 to 64 years old), sex, and self-reported race and ethnicity.

The researchers found that among the estimated 321,566 American children who lost a parent to overdose from 2011 to 2021, the highest numbers of deaths were among parents aged 26 to 40 (175,355 children) and among non-Hispanic white parents (234,164). The next highest numbers were children with Hispanic parents (40,062) and children with non-Hispanic Black parents (35,743), who also experienced the highest rate of loss and highest year-to-year rate increase, respectively. The racial and ethnic disparities seen here are consistent with overall increases in overdose deaths among non-Hispanic American Indian/Alaska Native and Black Americans in recent years, and highlight disproportionate impacts of the overdose crisis on minority communities.

"This first-of-its-kind study allows us to better understand the tragic magnitude of the overdose crisis and the reverberations it has among children and families," said Miriam E. Delphin-Rittmon, Ph.D., HHS Assistant Secretary for Mental Health and Substance Use and the leader of SAMHSA. "These data illustrate that not only are communities of color experiencing overdose death disparities, but also underscore the need for responses to the overdose crisis moving forward to comprehensively address the needs of individuals, families and communities."

Based on their findings, the researchers emphasize the importance of whole-person health care that treats a person with substance use disorder as a parent or family member first and foremost, and provides prevention resources accordingly to support families and break generational cycles of substance use. The study also points to the need to incorporate culturally-informed approaches in prevention, treatment, recovery, and harm reduction services, and to dismantle racial and ethnic inequities in access to these services.

"Children who lose a parent to overdose not only feel personal grief but also may experience ripple effects, such as further family instability," said Allison Arwady, M.D., M.P.H., director of CDC's National Center for Injury Prevention and Control. "We need to ensure that families have the resources and support to prevent an overdose from happening in the first place and manage such a traumatic event."
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Childhood maltreatment responsible for up to 40 percent of mental health conditions | ScienceDaily
A study examining childhood maltreatment in Australia has revealed the shocking burden for Australians, estimating it causes up to 40 percent of common, life-long mental health conditions.


						
The mental health conditions examined were anxiety, depression, harmful alcohol and drug use, self-harm and suicide attempts. Childhood maltreatment is classified as physical, sexual and emotional abuse, and emotional or physical neglect before the age of 18.

Childhood maltreatment was found to account for 41 percent of suicide attempts in Australia, 35 percent for cases of self-harm and 21 percent for depression.

The analysis, published in JAMA Psychiatry is the first study to provide estimates of the proportion of mental health conditions in Australia that arise from childhood maltreatment.

The researchers said the results are a wakeup call for childhood abuse and neglect to be treated as a national public health priority.

"The results are devasting and are an urgent call to invest in prevention -- not just giving individual support to children and families, but wider policies to reduce stress experienced by families," said Dr Lucinda Grummitt, from the University of Sydney's Matilda Centre, who led the study.

"Investments to address childhood maltreatment have the potential to avert millions of cases of mental disorders in Australia."

The analysis also found that if childhood maltreatment was eradicated in Australia, more than 1.8 million cases of depression, anxiety and substance use disorders could be prevented.




The study also found elimination of childhood maltreatment in Australia would, in 2023, have prevented 66,143 years of life lost (death) and 118,493 years lived with disability, totaling 184,636 years of healthy life lost through mental health conditions.

Researchers examined data that included national surveys provided by the Australian Child Maltreatment Study in 2023 (8500 participants), the Australian National Study of Mental Health and Wellbeing 2020-2022 (15,893 participants) and the Australian Burden of Disease study 2023.

The study made use of analytical methods to investigate the link between child maltreatment and mental health, which isolated other influential factors such as genetics or social environments. This provides stronger evidence that childhood maltreatment causes some mental health conditions.

Mental health conditions are currently the leading cause of disease burden globally and affect 13 percent of the global population. In Australia, suicide is the leading cause of death for young people.

Previous research (independent to the University of Sydney study) found over half (53.8 percent) of Australians experienced maltreatment during their childhood.

Dr Grummitt said there are effective interventions, such as programs to support children experiencing maltreatment or parent education programs, but the most sustainable solution to prevent child maltreatment is policy-driven prevention.




"Policies to alleviate stress experienced by families, such as paid parental leave, affordable childcare, income support like Jobseeker, and making sure parents have access to treatment and support for their own mental health could make a world of difference for Australian children.

"Addressing the societal and economic conditions that give rise to child maltreatment can play a large part in preventing mental disorders at a national level," Dr Grummitt said.

The researchers cite an example in the United States where the introduction of state paid parental leave policies and timely access to subsidised childcare were strongly linked to reduced rates of child maltreatment.
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Acceptance of animals in urban environments | ScienceDaily
How do city residents feel about animals in their immediate surroundings? A recent study by the Technical University of Munich (TUM), the University of Jena and the Vienna University of Technology shows how different the acceptance of various wild animals in urban areas is. Important factors are the places where the animals are found and their level of popularity -- squirrels and ladybugs come out on top here. The results have important implications for urban planning and nature conservation.


						
The relationship between city inhabitants and urban animals is complex, as the study shows. The researchers conducted a survey to find out how Munich residents rate 32 urban animal species and where in the city they would prefer to see them. In general, respondents liked most of the animals. 23 of the 32 animal species received positive approval ratings. The majority of birds and mammals were very popular. The respondents also rated arthropods, lizards and frogs positively. Exceptions were martens, rats, wasps, slugs and urban pigeons. Cockroaches were the least popular. Respondents had a neutral attitude towards ants, spiders and snakes.

Acceptance depends on the animal and its location

According to the survey, all animals have a place in the city -- except for the very few, very unpopular species. In the survey, city residents were able to choose from various locations in different proximity to their homes where the animals should be found. In most cases, participants placed the animals in urban areas such as their neighborhood, city parks, in the city in general and in the surrounding countryside. In contrast, they rarely mentioned their immediate living environment, such as in the garden, on the balcony or in the apartment. Participants placed some animals, such as squirrels and ladybugs, in all or almost all locations. They placed many species in several locations, while three species were often not placed at all: Cockroaches, rats and slugs. "It turns out that city residents' preferences for locations clearly correlate with their attitudes towards animals," explains researcher Dr. Fabio Sweet. The animals that were generally more popular were on average placed closer to home by the respondents.

Planning cities for people and animals

Prof. Wolfgang Weisser, head of the Chair of Terrestrial Ecology, emphasizes: "Increasing urbanization makes it necessary to actively care for animals in the city and to design urban development accordingly. If we know where people prefer or dislike certain animals, we can anticipate potential points of conflict. This allows us to identify places where species conservation in cities is accepted by people." The results show, for example, that human-wildlife conflicts are unlikely in city parks because the animals are accepted by most people there. Animals are also tolerated in the wider residential environment. Conversely, wildlife protection in the immediate proximity of the living space, such as the balcony, could meet with resistance.

Measures to promote urban biodiversity are most successful when they are not only ecologically sensible but also socially acceptable. It is therefore necessary to combine knowledge about the way these animals live and people's acceptance of them. In this way, urban planning can simultaneously promote animal welfare in cities and avoid conflicts between humans and animals.
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Decoding the three ancestral components of the Japanese people | ScienceDaily
A research group led by scientists from the RIKEN Center for Integrative Medical Sciences in Japan have used whole-genome sequencing to unravel the complex ancestry of the Japanese population. The analysis supports an earlier study that proposed that the Japanese population originated from admixtures of three ancestral groups, challenging the long-held dual-structure model, and also provides new evidence of Neanderthal and Denisovan influences in the population.


						
The study, published in Science Advances, started with the group performing whole-genome sequencing on 3,256 samples from the Biobank Japan -- a large collection of samples collected from hospitals in Japan. The samples were chosen to reflect the population distribution of Japanese throughout the archipelago, from Hokkaido in the northeast to Okinawa and the other Ryukyu islands in the south.

The first finding was that the Japanese population can be optimally divided into three clusters, with different concentrations in Okinawa, Northeastern Japan, and Western Japan. While it was previously believed that the current Japanese people are mainly descended either from the indigenous Jomon population or other East Asians, principally Han Chinese, the research group found that there is also a Northeast Asian ancestry, which is likely composed of people from the Korean peninsula or from early non-Jomon Japanese populations. They found that Jomon ancestry was most dominant in Okinawa, where it made up 28.5 percent of the sampled people's DNA, though it also made up roughly 19 percent in Northeastern Japan and 12 percent in Western Japan, and was slightly higher in the south of Japan, closest to Okinawa. The East Asian ancestry, generally understood to be from China, was most common in Western Japan, gradually decreasing to the east, while the Northeast Asian lineage was most common in Northeastern Japan, decreasing to the west.

To see whether these findings could provide insights into clinically relevant genetic variants, they examined two well-known pathogenic variants associated with hereditary breast cancer. The first, a variant of the BRCA1 gene, is only found in Japanese populations, and is more common in the east than the west of the country. This implied that it arose in Japanese people with Northeast Asian ancestry and then spread westward. The other, a variant of the BRCA2 gene, is more common in the west, and is also found in China and Korea, leading to the conclusion that this variant was likely brought into Japan from continental Asia.

The study also offered insights into gene sequences derived from Neanderthals and Denisovans -- extinct human lineages that existed together with modern humans and left us genes through a process known as introgression, a gradual movement of genes from one lineage into another through hybridization. Specifically, they found gene sequences associated with type 2 diabetes and height derived from Denisovans, and while they mostly confirmed previous studies regarding gene introgressions from Neanderthals, they also found an interesting link to another gene associated with type 2 diabetes, which might affect sensitivity to semaglutide, an oral agent used to treat the disease.

According to Chikashi Terao, leader of the research group, "Though our findings were interesting because of the new insights they have given us into the origins of the Japanese people, we also believe that our work will serve as a reference for future genetic research beyond the Japanese population, as it could be used in areas such as personalized medicine."
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New study finds increase in exposures to synthetic tetrahydrocannabinols among young children, teens, and adults | ScienceDaily
A sharp rise in exposures to synthetic cannabis products among youth -- some leading to hospitalization -- highlights the need for increased education around the dangers of exposure and increased focus on safe storage and packaging, according to pediatricians and researchers at Nationwide Children's Hospital and the Central Ohio Poison Center.


						
A new study conducted by researchers at the Center for Injury Research and Policy of the Abigail Wexner Research Institute at Nationwide Children's Hospital and the Central Ohio Poison Center examined trends in calls to poison centers across the country for exposures to different types of tetrahydrocannabinol (THC): delta-8 THC, delta-10 THC and THC-O acetate. These products are often referred to as "diet weed" or "hemp products," which leads to a misperception that they are safer alternatives to the more regulated and more abundant delta-9 THC.

The study, published in Clinical Toxicology, found increases in the number of exposures in multiple age groups, with unintentional ingestions by young children being especially concerning.

"Many people don't realize how toxic these products can be, especially to young children. One in four children needed to be hospitalized after exposure," said Hannah Hays, MD, co-author of the study, medical director of the Central Ohio Poison Center and faculty of the Center for Injury Research and Policy at Nationwide Children's. "If someone vapes, smokes, eats edibles or drinks infused beverages with delta-8, delta-10 THC or THC-O, all of those products should be stored up, away, and out of sight and reach of children, preferably in a locked container. These products should never be used in front of kids who might mistake them for food or drinks that they are allowed to have."

Data Highlights

According to the study:
    	U.S. poison centers received 1,746 calls related to delta-8 THC, delta-10 THC, and THC-O acetate exposures in 2021. This number increased by 88% to 3,276 in 2022 -- an average of one call every 2.6 hours.
    	Most cases were single-substance (94%), ingestions (94%) that occurred at a residence (96%) in 20-59-year-olds (40%), <6-year-olds (31%), and 6-19-year-olds (25%). The most common clinical effects were mild central nervous system depression (when signals from the brain and spinal cord decrease) (25%), rapid heartbeat (23%), and agitation (16%). Other clinical effects included moderate central nervous system depression (11%), confusion (7%), hallucinations/delusions (4%) and ataxia (uncoordinated movement) (3%).
    	More than one-third (38%) of cases experienced a serious medical outcome and 16% were admitted to a health care facility. Children <6-years-old accounted for roughly half of those admissions (58% of critical care admissions and 49% of non-critical care admissions).

Safe Storage

Pediatricians and other health care providers should continue to counsel patients and their families about the potential dangers of these products and the importance of safe storage practices, experts recommend:
    	Talk to children about cannabis-related products. Have age-appropriate conversations with children about cannabis-related products, explaining what these products are and why they can be dangerous.
    	If these products are in the home, store them safely. The best way to keep children safe from cannabis-related products is to keep them out of the home. If these products are kept in the home, store them in a safe place away from your children -- stored up and out of sight, away from food, and locked if possible.
    	Don't use these products in front of children. It is helpful to never use these products in front of your children, especially if packaged to look like treats.
    	Talk to friends, family, and other caregivers. Talk with caregivers around your child about cannabis-related products and how to keep these products away from your children. Save the national Poison Help Line number (1-800-222-1222) in your phone and post it in a visible place in your home. The Poison Help Line provides free, confidential advice from experts, 24 hours per day, seven days per week.




Safe packaging

Study investigators also highlight inconsistent regulations of these products from state to state. Because the United States Food and Drug Administration currently does not regulate manufacturing of these products, contaminants such as heavy metals, solvents or pesticides may be found in them and may not be listed on product packaging. In addition, in many states, these products may not have the packaging or labeling requirements that delta-9 THC products have.

While at least 14 states have banned or regulated the sale of these products, they are still available to the public online and in locations like gas stations and small convenience stores. In many places, there may be little to no regulation, with retailers often setting their own minimum purchasing age.

"The current patchwork of state regulations has led to an environment that allows for easily available products that may have unlisted contaminants, inaccurate labels and packaging that can be appealing to children" said Christopher Gaw, MD, co-author of the study, pediatric emergency medicine physician and faculty member of the Center for Injury Research and Policy at Nationwide Children's. "We need clearer regulation of these products with better oversight and enforcement."
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Cybersecurity education varies widely in US | ScienceDaily
Cybersecurity programs vary dramatically across the country, a review has found. The authors argue that program leaders should work with professional societies to make sure graduates are well trained to meet industry needs in a fast-changing field.


						
In the review, published in the Proceedings of the Association for Computing Machinery's Technical Symposium on Computer Science Education, a Washington State University-led research team found a shortage of research in evaluating the instructional approaches being used to teach cybersecurity. The authors also contend that programs could benefit from increasing their use of educational and instructional tools and theories.

"There is a huge variation from school to school on how much cybersecurity content is required for students to take," said co-author Assefaw Gebremedhin, associate professor in the WSU School of Electrical Engineering and Computer Science and leader of the U.S. Department of Defense-funded VICEROY Northwest Institute for Cybersecurity Education and Research (CySER). "We found that programs could benefit from using ideas from other fields, such as educational psychology, in which there would be a little more rigorous evaluation."

Cybersecurity is an increasingly important field of study because compromised data or network infrastructure can directly impact people's privacy, livelihoods and safety. The researchers also noted that adversaries change their tactics frequently, and cybersecurity professionals must be able to respond effectively.

As part of the study, the researchers analyzed programs at 100 institutions throughout the U.S. that are designated as a National Security Administration's National Center of Academic Excellence in Cybersecurity. To have the designation, the programs have to meet the NSA requirements for educational content and quality.

The researchers assessed factors such as the number and type of programs offered, the number of credits focused on cybersecurity courses, listed learning outcomes and lists of professional jobs available for graduates.

They found that while the NSA designation provides requirements for the amount of cybersecurity content included in curricula, the center of excellence institutions vary widely in the types of programs they offer and how many cybersecurity-specific courses they provide. Half of the programs offered bachelor's degrees, while other programs offered certificates, associate degrees, minors or concentration tracks.




The most common type of program offered was a certificate, and most of the programs were housed within engineering, computer science, or technology schools or departments. The researchers found that industry professionals had different expectations of skill levels from what graduates of the program have.

The researchers hope the work will serve as a benchmark to compare programs across the U.S. and as a roadmap toward better meeting industry needs.

With funding from the state of Washington, WSU began offering a cybersecurity degree last year. The oldest cybersecurity programs are only about 25 years old, said Gebremedhin, but programs have traditionally been training students to become information technology professionals or system administrators.

"In terms of maturity, in being a discipline as a separate degree program, cybersecurity is relatively new, even for computer science," said Gebremedhin.

The field is also constantly changing.

"In cyber operations, you want to be on offense," he said. "If you are to defend, then you need to stay ahead of your attacker, and if they keep changing, you have to be changing at a faster rate."
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DDT pollutants found in deep sea fish off Los Angeles coast | ScienceDaily
In the 1940s and 1950s, the ocean off the coast of Los Angeles was a dumping ground for the nation's largest manufacturer of the pesticide DDT -- a chemical now known to harm humans and wildlife. Due to the stubborn chemistry of DDT and its toxic breakdown products, this pollution continues to plague L.A.'s coastal waters more than half a century later. While legal at the time, details of this industrial-scale pollution of the marine environment at a dump site some 15 miles offshore near Catalina Island have deeply concerned scientists and the public since they gained wider recognition in 2020.


						
Now, new research from scientists at UC San Diego's Scripps Institution of Oceanography and San Diego State University (SDSU) finds deep-sea fish and sediments collected from near the Catalina Island offshore dump site are contaminated with numerous DDT-related chemicals.

The study, published May 6 in the journal Environmental Science and Technology Letters and funded by the National Oceanic and Atmospheric Administration, suggests that the DDT-related chemicals dumped into the ocean decades ago may still be making their way into marine food webs.

Since the rediscovery of the offshore dump site near Catalina Island, scientists have been working to discern the extent and severity of the problem today. Of particular urgency are the questions of whether the decades-old chemicals, now settled on the seafloor thousands of feet underwater, are staying put or whether they are circulating in marine ecosystems where the compounds could be harming wildlife or even posing health risks to humans.

"These are deep-sea organisms that don't spend much time at the surface and they are contaminated with these DDT-related chemicals," said Lihini Aluwihare, a professor of ocean chemistry at Scripps and co-author of the study. "Establishing the current distribution of DDT contamination in deep-sea food webs lays the groundwork for thinking about whether those contaminants are also moving up through deep-ocean food webs into species that might be consumed by people."

From 1948 until at least 1961, barges contracted by DDT-producer Montrose Chemical Corporation would motor from the Port of Los Angeles out toward Catalina and pump manufacturing waste laden with sulfuric acid and up to 2% pure DDT directly into the Pacific Ocean. Legal until 1972, this offshore dumping largely escaped public scrutiny because it was overshadowed by Montrose's other waste disposal practice: Pumping a more dilute acidic slurry that also contained DDT through L.A. County sewers and into the ocean off Palos Verdes. An estimated 100 tons of DDT ended up in the sediments of the Palos Verdes Shelf, and the Environmental Protection Agency declared it an underwater Superfund Site in 1996. In 2000, a judge ordered the company to pay $140 million to remedy the environmental damages. Research has since linked the DDT pollution on the Palos Verdes Shelf to contamination and health problems in local wildlife including sea lions, dolphins, bottom-feeding fish, and even coastal California condors (likely from consuming dead marine mammals).

In 2011, UC Santa Barbara researcher David Valentine used an undersea robot to rediscover Montrose's offshore dumping near Catalina at a place now known as Dumpsite 2. The findings leapt into the public consciousness in 2020 when the Los Angeles Times published the first in a series of expose?s unspooling the region's toxic legacy of offshore dumping.




Valentine and Scripps researchers have helped map the extent of the dumping. To date, they've found DDT-related chemicals across an area of the seafloor larger than the city of San Francisco. What's still unknown is if that pollution is staying put or if it is moving through the undersea environment in ways that pose dangers to marine life or humans.

Beginning in 2021, Aluwihare, study co-author Eunha Hoh of SDSU, and other collaborators began a series of research efforts to work on two key questions: Are the DDT-related chemicals lurking on the seafloor near Dumpsite 2 being stirred up and ingested by marine life in the deep? And could they identify a kind of chemical fingerprint unique to the contamination from Dumpsite 2 and other offshore dump sites that could be used to distinguish them from pollutants emanating from the Palos Verdes Shelf?

The team opportunistically collected sediment samples and deep-sea animals from the water column in the San Pedro Basin near Dumpsite 2 to test for a wide range DDT-related compounds. The research cruises to collect these samples were funded by the National Science Foundation and the Schmidt Ocean Institute.

Typically, testing for DDT looks for four to eight chemicals, but a 2016 paper co-authored by Hoh and Aluwihare identified 45 DDT-related chemicals in the blubber of dolphins from off the coast of Southern California. The results demonstrated that wildlife was being exposed to a much larger suite of DDT compounds in the real world. In the present study, the team tested for this larger suite of DDT-related chemicals, known as DDT+, in hopes that it could help develop a chemical fingerprint for Dumpsite 2 and the other offshore dump sites used by Montrose. Also, testing for DDT+ will provide a more holistic picture of the degree of contamination in sediment and animals that might otherwise go undetected.

When the researchers analyzed the sediments for the presence of DDT+ they found no fewer than 15 chemicals, 14 of which had been previously detected in birds and marine mammals in Southern California.

The researchers collected 215 fish spanning three common species near Dumpsite 2. Chemical analysis revealed that the fish contained 10 DDT-related compounds, all of which were also present in the sediment samples.




Two of the fish species were collected between 546 meters (1,791 feet) and 784 meters (2,572 feet) -- Cyclothone acclinidens and Melanostigma pammelas -- and the third, Leuroglossus stilbius, was collected between 546 meters (1,791 feet) and the surface. The species collected at shallower depths contained a lower concentration of contaminants and were missing a pair of DDT-related compounds that were present in the deepest fishes.

"None of these fish species are known to feed in the sediment of the seafloor," said Anela Choy, biological oceanographer at Scripps and co-author of the study. "There must be another mechanism that is exposing them to these contaminants. One possibility is that there are physical or biological processes resuspending sediments around Dumpsite 2 and allowing these contaminants to enter deeper water food webs."

The findings can't yet rule out the Palos Verdes Superfund Site as a potential source of the contamination in the fish, said Aluwihare. But several lines of evidence uncovered in the study -- the lower overall concentrations and two missing DDT-related compounds in the shallower water fish species, as well as the overlap between contaminants found in the sediment and those found in marine mammals and birds -- point to the alarming possibility that pollution is moving from the seafloor and into the marine food web.

"Regardless of the source, this is evidence that DDT compounds are making their way into the deep ocean food web," said Margaret Stack, an environmental chemist at SDSU and the study's lead author. "That is cause for concern because it's not a big leap for it to end up in marine mammals or even humans."

Hoh said understanding the pathways by which the DDT-related chemicals are entering the food web is vital and "will help us figure out what to do as far as mitigation and what not to do in terms of offshore development that could make this problem worse by stirring up these contaminants."

Aluwihare said more work needs to be done to pinpoint the source of the DDT contaminants they found in the deep-sea fish and establish whether the same contamination exists in larger, open-ocean fish species that are consumed by people.

Numerous additional studies are ongoing to answer these urgent questions. Researchers at Scripps and SDSU are currently analyzing samples from fish species targeted by recreational anglers and commercial fisheries, including basses and sanddab, for DDT+. Comparing the chemicals and their concentrations found in these fish with sediment samples collected from the Palos Verdes Shelf and Dumpsite 2 may allow the team to determine the source of the toxins in these fish.

"We are still seeing this DDT contamination in deep-sea organisms and ocean sediments more than 50 years after they were dumped there," said Hoh. "I'm not sure if that company expected the consequences of their pollution to last this long, but they have."

In addition to Aluwihare, Stack, Choy, and Hoh, Raymmah Garcia, Tran Nguyen,, Paul Jensen, and Johanna Gutleben of Scripps as well as, William Richardot, and Nathan Dodder of SDSU co-authored the study.
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Past and guides future efforts to reduce cancer disparities | ScienceDaily
Investigators at Dana-Farber Cancer Institute have examined the historical evolution of Community Outreach and Engagement initiatives at both the National Cancer Institute (NCI) and National Cancer Institute-Designated Cancer Centers (NCI-DCCs). The team's assessment of these activities and recommendations for future efforts were recently published in CA: A Cancer Journal for Clinicians.


						
The toll cancer takes on lives in the U.S. has declined during the last 28 years, but not equitably. Disparities persist in many historically marginalized communities -- including communities disadvantaged by race, socioeconomic status, sexual orientation or gender identity, and geographic location -- despite NCI community outreach and engagement programs designed to address them.

Formed in 1971, the NCI recognizes 72 NCI-Designated Cancer Centers, including Dana-Farber. Improving community outreach and engagement has long been an important initiative for NCI, but it was not until 2012 that NCI-DCCs were required to rigorously define their catchment areas, the geographic areas that each center "serves or intends to serve in the research it conducts, the communities it engages, and the outreach it performs." Beginning in 2016, NCI-DCCs were required to provide specific descriptions of community outreach and engagement interventions.

"The purpose of this review is to help us learn what has been working and also what has been missing in terms of community outreach and engagement efforts," says Christopher Lathan, MD, MS, MPH, Chief Clinical Access and Equity Officer and Associate Chief Medical Officer at Dana-Farber. "It is imperative that we ensure everyone has access to the latest scientific advances, and that takes a sustained and dedicated focus on community outreach and engagement, clinical access, and health equity."

NCI-DCCs have initiated several interventions intended to decrease health disparities and increase access to innovative medicines, clinical trials, and preventive services and reported many positive results. For instance, a program initiated by Dana-Farber in 2012 to provide diagnostic and patient navigation services to a local federally qualified health center that serves a predominantly Black community helped reduce time to cancer diagnosis from 32 to 12 days.

Due to an intense focus on scientific research, NCI-DCCs have yielded incredible advances in cancer prevention and treatment. But, the investigators conclude, efforts to reduce disparities must be as focused, integrated, and sustained as those made to advance science. According to the authors, "Until recently, our NCI-DCCs have not matched their scientific focus with an intense focus on the inclusion of historically marginalized patients in research trials, access to treatment advances, and development of innovative care delivery interventions to improve access in marginalized communities." The newer emphasis on community outreach and engagement must be expanded to give everyone the same opportunities to benefit from the groundbreaking advancement in diagnosis and treatment.

The investigators note that most NCI-DCC community outreach and engagement work has been focused on education and disparities research rather than on the deliberate expansion of care and interventions. Programs that successfully reduced disparities have yet to be widely shared or replicated in ways that broaden their impact. Further, according to the authors, "Many patients, especially those from historically marginalized communities, or those who do not have traditional political or financial capital, feel that it is difficult to share their experiences, thoughts, and ideas for change directly with institutions themselves." In producing the review itself, the authors were committed to representing the views of those who are impacted most; one of the authors, Barry Nelson, is a patient advocate who was integral to the writing process from start to finish.

The authors recommend the following:
    	NCI-DCCs should engage the communities most impacted and marginalized in a proactive, bidirectional manner and integrate this engagement into the research and diagnostic efforts across the entire cancer center.
    	NCI-DCCs should broaden clinical access for patients across the spectrum of cancer services. This includes investing in the collection of demographic data (area measures of poverty, granular race, ethnicity, sexual orientation and gender identity data) across the enterprise and using evidence-based interventions via a highly developed implementation core that connects clinical operations, health care delivery research, and the basic/translation research enterprise. Interventions should be integrated with the healthcare delivery system, not exist outside of it.
    	NCI-DCCs should commit to evolving their current structure of community outreach and engagement by committing to utilizing their economic power to improve local communities via job training, educational collaborations, and health promotion. They should provide healthcare education to their workforce and catchment area communities.
    	NCI-DCCs should establish and implement governance policies and standards, clearly demonstrating their commitment to elevating and empowering those patient voices so as to facilitate equitable decision-making for inclusion, transparency, and professional integrity.

"We can and must make a marked impact on the health outcomes of historically marginalized communities," says Lathan. "What is the use of developing new therapies if the communities that could benefit the most are the very ones that cannot access them?"
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Self-critical perfectionism gnaws on students' well-being already in lower secondary school | ScienceDaily
Young people's perfectionism is manifested as concern over their competence and fear of making mistakes.


						
A new study among ninth-graders attending lower secondary school inSwedish-speaking areas of Finland identified four perfectionistic profiles with varying associations with students' psychological well-being. The study was conducted in collaboration between the University of Eastern Finland and Abo Akademi University.

Perfectionism is characterised by high standards and striving for excellence, but it also involves concerns over one's own performance and dissatisfaction with one's achievements. In other words, there is both a positive and a negative side to perfectionism. Different individuals, however, place different emphasis on strivings and concerns.

"We identified four distinct perfectionistic profiles: moderately concerned (relatively low strivings and relatively high concerns), perfectionists (high strivings and high concerns), ambitious (high strivings and low concerns), and non-perfectionists (low strivings and low concerns)," Doctoral Researcher Anna Kuusi of the University of Eastern Finland says.

The findings are in line with previous studies conducted among general upper secondary school and university students. The present study is the first among lower secondary school students in Finland.

"Recent years have seen an increase in both perfectionism and exhaustion among young people, so it is important to determine at what stage and in what forms these experiences emerge," Kuusi notes.

Most ninth-graders are moderately concerned -- perfectionistic profiles are associated with well-being

The study showed that perfectionistic profiles are substantially stable: around 80 per cent of the students maintained the same profile over the school year. However, some significant transitions were observed as well: some students transitioned from moderately concerned to non-perfectionist or perfectionist, or from perfectionist to moderately concerned. The profiles and transitions were also associated with well-being.




"Although both ambitious and perfectionist students were highly engaged and had high strivings, perfectionists displayed more burnout and anxiety and depressive symptoms than ambitious students, who only displayed a little of these. Both of these profiles, i.e., ambitious and perfectionist, which are characterised by high concerns, were associated with poorer well-being."

The moderately concerned profile was the most prevalent, and it can be thought to represent the typical ninth-grader. According to Kuusi, this is noteworthy because students with this profile also displayed relatively high emotional exhaustion as well as anxiety and depressive symptoms, compared to students with a non-perfectionist or an ambitious profile.

Transitions between profiles were also associated with well-being. A transition from moderately concerned to perfectionist was associated with higher exhaustion, whereas a transition from moderately concerned to non-perfectionist was associated with fewer anxiety and depressive symptoms.

"The findings show that it is particularly important to understand how students' self-criticism and dissatisfaction with their own achievements are linked to poorer well-being. High goals and engagement do not guarantee the well-being of a student if, at the same time, they are very concerned about their performance," Kuusi concludes.

The data used in the study constitutes part of the broader longitudinal research project Student Well-being and Learning in Future Society led by Abo Akademi University. Ninth-grade students from lower secondary schools from different regions of Swedish-speaking areas of Finland responded to surveys conducted twice in the school year 2019-2020.
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Contract treatment reduces recidivism and substance-related adverse health events | ScienceDaily
Substance use disorder treatment in the community is a superior alternative to incarceration for offenders with a substance misuse background, according to a recent study evaluating the effectiveness of the contract treatment sanction in Sweden.


						
Contract treatment refers to a criminal penalty in which the offender voluntarily consents to treatment in accordance with a specific implementation plan.

"Contract treatment is an alternative to incarceration. It is mainly used when the offence is deemed to have occurred as a result of substance misuse or some other condition requiring treatment," says Suvi Virtanen, a University Lecturer in Psychology at the University of Eastern Finland.

A rehabilitation period is always planned based on individual needs. In addition to psychosocial treatment, it may include opioid substitution therapy.

In addition to Sweden, a sanction similar to contract treatment is in use in, e.g., Norway and many EU countries; however, not in Finland. The United States, in turn, has adopted a model of specialised drug courts.

Contract treatment carries a smaller risk of recidivism

Although contract treatment has been in use in Sweden since the late 1980s, its effectiveness has not been studied until now. The present study combined data from the Swedish Prison and Probation Service's client register with other national registries, including data on visits to specialised health care. The study cohort included 11,893 individuals who were serving a contract treatment sanction between 1999 and 2012, and they were followed up for at least two years.




"With the introduction of contract treatment, criminal behaviour and substance-related adverse health events, such as overdoses and hospitalizations due to psychiatric and somatic reasons, decreased significantly compared to the period before contract treatment," Virtanen says.

A significant proportion of those sentenced to contract treatment had also served community sanctions and prison sentences. In the within-individual research design, an individual's risk of recidivism and adverse health events during contract treatment was examined compared to periods when the individual was serving a community sanction or was on parole after a prison sentence.

"The risk of recidivism and adverse health events was lower during contract treatment than during a community sanction or probation," Virtanen notes.

Providing treatment yields better results than punishment

Substance misuse problems and criminality often go hand in hand. The most effective way to prevent recidivism is to address its root causes, which often are, in one way or another, linked to the use of substances.

"Substance use disorders are increasingly understood as a health issue that should primarily be addressed by means of health care. Usually, prison is not the best place for an individual who needs appropriate treatment and support for recovery," Virtanen says.

The results of the study provide support for the notion that, from the viewpoint of societal security and public health, providing treatment can lead to better outcomes than penalties that emphasise punishment.

In the future, the researchers intend to study the effectiveness of contract treatment in more recent data.
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Sister cities can help communities better navigate the climate crisis | ScienceDaily
Anthropologists at Rice University suggest in a new study that establishing networks of 'sister cities' dedicated to addressing the impact of natural disasters can mitigate the devastation wrought by climate change.


						
Published in the journal Nature, "Sister cities for the Anthropocene" by professors Cymene Howe and Dominic Boyer explores the connectivity of "sister cities," broad-based, long-term, legal or social partnerships between two similar-sized communities in two countries. The original Sister Cities International program was born out of the aftermath of World War II and fears of nuclear conflict in the 1950s.

Historically, these relationships have centered on social and political factors like trade relationships, diplomacy and more. But Howe and Boyer believe they can be powerful tools to aid in dealing with the physical effects of climate change, especially as cities deal with things like wildfires, extreme storms and more. As a result, they recommend forming a network called "Sister Cities for the Anthropocene" to help track and raise awareness of the spread of related impacts and responses to climate-related disasters in urban communities across the world.

"The idea of this network is to create relationships and networks that help formulate ideas and best practices to cope with the consequences of climate change that are already with us, including the effects of natural disasters," Howe said.

"This network also takes into account the consequences that we know are coming in the future," Boyer said. "We know that we will have more extreme storms, more drought andmore wildfires. We want to prevent as many of those terrible effects as we can."

Howe and Boyer wrote that in regions affected by chronic wildfire and droughts, "sister cities" might learn how other urban communities are assessing predictions of a hotter, drier future and making plans to adapt. In areas where flooding, sea-level rise or extreme storms increasingly threaten residents, "sister cities" can look at what responses have been initiated by nongovernmental organizations, community groups and media organizations and how the outcomes and impacts of these initiatives compare.

Howe said that while it is encouraging that many city leaders, urban professionals and residents are already talking about climate change, related disasters and mitigation strategies, this network would formalize relationships between cities and bring more public attention to the effects of climate change.

Howe and Boyer's research is supported by the National Science Foundation's Arctic Social Sciences Program in the Office of Polar Programs (award No. 2030474).
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New study reveals how teens thrive online: factors that shape digital success revealed | ScienceDaily
A new study co-authored by Sophie Janicke-Bowles, associate professor in Chapman University's School of Communication, sheds light on the role that new and traditional media play in promoting and affecting character development, emotions, prosocial behavior and well-being (aka happiness) in youth.


						
Her research and teaching focus on positive psychology, media and new communication technologies, and media and spirituality. The study, published April 13 in Society for Research in Child Development (SRCD), investigates how adolescents perceive and engage with digital communication, including connectedness, positive social comparison, authentic self-presentation, civil participation and self-control.

"This was such an amazing research study to be part of as we all are craving more nuanced answers on how digital technologies affect our children," said Janicke-Bowles.

Janicke-Bowles' research contributes to the understanding of digital flourishing (positive social media experiences) among adolescents, highlighting the importance of supportive parental mediation and digital skills in promoting positive digital engagement. Moving forward, interventions aimed at enhancing digital flourishing should consider the role of parental guidance and support in shaping adolescents' online experiences.
    	Adolescents who flourish in their digital communication over time are more likely to have parents who know their way around technology and who actively support their children to positively communicate online.
    	For adolescents who digitally flourish less, their self-control over digital communication decreases.
    	To increase digital flourishing, interventions can aim in assisting adolescents in their control over their digital communication and encourage parents to take an active role in their young adults' digital communication.

These findings underscore the significance of parental influence and support in fostering positive digital communication experiences among adolescents.

In addition to her recent research, Janicke-Bowles has a distinguished history of exploring the intersection of media and psychology. As a member of a research team from Florida State and Penn State universities, she received a $1.9 million grant from the John Templeton Foundation to investigate the impact of media content on self-transcendent emotions. Her academic journey, spanning from clinical and media psychology in Germany to mass communication in the United States, underscores her commitment to understanding the profound effects of media on human experiences.
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Birdwatching can help students improve mental health, reduce distress | ScienceDaily
For college students seeking to improve their mental health, a potential answer may be right outside their window: birdwatching.


						
A new study finds people who have nature-based experiences report better well-being and lower psychological distress than those who do not. Birdwatching in particular yielded promising results, with higher gains in subjective well-being and more reduction in distress than more generic nature exposure, such as walks. Because birdwatching is an easily accessible activity, the results are encouraging for college students -- who are among those most likely to suffer from mental health problems.

"There has been a lot of research about well-being coming out through the pandemic that suggests adolescents and college-aged kids are struggling the most," said Nils Peterson, corresponding author of the study and a professor of forestry and environmental resources at North Carolina State University. "Especially when you think about students and grad students, it seems like those are groups that are struggling in terms of access to nature and getting those benefits.

"Bird watching is among the most ubiquitous ways that human beings interact with wildlife globally, and college campuses provide a pocket where there's access to that activity even in more urban settings."

To quantitatively measure subjective well-being, researchers used a five-question survey known as the World Health Organization-Five Well-Being Index (WHO-5). This tool asks participants to assign a rating of zero through five to statements about well-being, depending on how often they have felt that way in the last two weeks. For example, given the prompt "I have felt calm and relaxed," a participant would mark a zero for "at no time" or a five for "all of the time." Researchers can calculate a raw well-being score by simply adding the five responses, with zero being the worst possible and 25 the best possible quality of life.

Researchers split the participants into three groups: a control group, a group assigned five nature walks and a group assigned five 30-minute birdwatching sessions. While all three groups had improved WHO-5 scores, the birdwatching group started lower and ended higher than the other two. Using STOP-D, a similar questionnaire designed to measure psychological distress, researchers also found that nature engagement performed better than the control, with participants in both birdwatching and nature walks showing declines in distress.

This study differed from some previous research, Peterson said, in that it compared the effects of birdwatching and nature engagement to a control group rather than a group experiencing more actively negative circumstances.

"One of the studies that we reviewed in our paper compared people who listen to birds to people who listened to the sounds of traffic, and that's not really a neutral comparison," Peterson said. "We had a neutral control where we just left people alone and compared that to something positive."

The study supports the idea that birdwatching helps improve mental health and opens up many avenues for future research. For example, future study could examine why birdwatching helps people feel better or the moderating effects of race, gender and other factors.
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'Gap' in carbon removal: Countries' plans to remove CO2 not enough | ScienceDaily
New research involving the University of East Anglia (UEA) suggests that countries' current plans to remove CO2 from the atmosphere will not be enough to comply with the 1.5 oC warming limit set out under the Paris Agreement.


						
Since 2010, the United Nations environmental organisation UNEP has taken an annual measurement of the emissions gap -- the difference between countries' climate protection pledges and what is necessary to limit global heating to 1.5 oC, or at least below 2 oC.

The UNEP Emissions Gap Reports are clear: climate policy needs more ambition. This new study now explicitly applies this analytical concept to carbon dioxide removal (CDR) -- the removal of the most important greenhouse gas, CO2, from the atmosphere.

The study, published today in the journal Nature Climate Change, was led by the Berlin-based Mercator Research Institute on Global Commons and Climate Change (MCC) and involved an international team of scientists.

"In the Emissions Gap Reports, carbon removals are only accounted for indirectly," said lead author Dr William Lamb, of the MCC Applied Sustainability Science working group.

"After all, the usual benchmark for climate protection pledges is net emissions, ie emissions minus removals. We are now making transparent the specific ambition gap in scaling up removals.

"This planetary waste management will soon place completely new requirements on policymakers and may even become a central pillar of climate protection in the second half of the century."

Co-author Dr Naomi Vaughan, of the Tyndall Centre for Climate Change Research at UEA, added: "Carbon dioxide removal methods have a small but vital role to play in achieving net zero and limiting the impacts of climate change.




"Our analysis shows that countries need more awareness, ambition and action on scaling up CDR methods together with deep emissions reductions to achieve the aspirations of the Paris Agreement."

According to the study, if national targets are fully implemented, annual human-induced carbon removals could increase by a maximum of 0.5 gigatonnes of CO2 (500 million tonnes) by 2030, and by a maximum of 1.9 gigatonnes by 2050.

This contrasts with the 5.1 gigatonne increase required in a 'focus scenario', which the research team depicts as typical from the latest Intergovernmental Panel on Climate Change (IPCC) assessment report.

There, global heating, calculated over the entire course of this century, is limited to 1.5 oC, and a particularly rapid expansion of renewable energies and reduction of fossil emissions is depicted as the core climate protection strategy.

But, the focus scenario still relies on scaling up carbon removals. The gap for the year 2050 is therefore at least 3.2 gigatonnes of CO2 (5.1 minus a maximum of 1.9).

An alternative focus scenario, also derived from the IPCC, assumes a significant reduction in global energy demand, due to politically initiated behaviour changes as the core element of climate protection strategy.




Here, carbon removals would increase by a more modest amount: 2.5 gigatonnes in 2050. Fully implemented national targets would be close to sufficient when compared to this scenario, with a gap in 2050 of 0.4 gigatonnes.

The research team points out the problem of sustainability limits in scaling up carbon removals; for example, the associated land area demand will come to jeopardise biodiversity and food security. Nevertheless, there is still plenty of room for designing fair and sustainable land management policies.

In addition, novel carbon removal options, such as air filter systems, or 'enhanced rock weathering', have hardly been promoted by politicians to date.

They currently only remove 0.002 gigatonnes of CO2 per year from the atmosphere, compared to 3 gigatonnes through conventional options such as afforestation, and they are unlikely to significantly increase by 2030. According to the scenarios, they must become more prevalent than conventional options by 2010.

Since only 40 countries have so far quantified their removal plans in their long-term low emissions development strategies, the study also draws on other national documents and best-guess assumptions.

"The calculation should certainly be refined," said Dr Lamb. "But our proposal using the focus scenarios further opens the discourse on how much carbon removal is necessary to meet the Paris Agreement.

"This much is clear: without a rapid reduction in emissions towards zero, across all sectors, the 1.5 oC limit will not be met under any circumstances."

'The carbon dioxide removal gap', Lamb, W, Gasser, T, Roman-Cuesta, R, Grassi, G, Gidden, M, Powis, C, Geden, O, Nemet, G, Pramata, Y, Riahi, K, Smith, S, Steinhauser, J, Vaughan, N, Smith, H, Minx, J, is published in Nature Climate Change on May 3.
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Scent sells -- but the right picture titillates both eyes and nose, research finds | ScienceDaily
Scented products with relevant images on their packaging and branding, such as flowers or fruit, are more attractive to potential customers and score better in produce evaluations, new research confirms.


						
And such images, the researchers conclude, are particularly effective if manufacturers and marketers choose pictures that are more likely to stimulate a stronger sense of the imagined smell -- for example, cut rather than whole lemons. This, they say, suggests that as well as seducing our eyes, the images are stimulating our sense of smell.

The study, published online in the International Journal of Research in Marketing, could provide manufacturers and marketers with a cost-effective way of promoting the ever expanding range of scented products. As well as the obvious, such as perfumes, candles and air fresheners, products such as bottled water and greeting cards are now sometimes infused with scent.

The whiff of failure

Despite rising recognition of the power of scent, the paper says, much product branding does not include an image evoking an appealing smell. Alternatively, other marketers and their clients even choose images that actually reduce consumer appeal. Examples include objects whose unpleasant odours the product is designed to disguise, such as old trainers or ash trays. The new study confirms the negative impact of such images.

It also revealed that only 27% of the 957 scented laundry detergents and all-purpose cleaners on sale in America included in the study carried a picture of the object whose scent was recreated in the product.

The researchers then measured the customer ratings for the 532 products where consumers had provided feedback using 1-5 stars on the retailers' website. Products branded with a relevant image of the source of the scent scored significantly better, with an average rating of 4.66 out of 5 stars, compared to 4.46 stars for products without a picture of scent on the package.




In an online study, 200 participants were asked to choose between two fruit-scented handwash products with and without pictures of the relevant fruit on packaging/advertising. As expected, the presence of an image was more important in determining consumer choice than whether the handwash was scented with clementines or pears.

A rose by any other name...

Similarly, when considering products described as having a floral scent, images of yellow roses scored better with participants than sunflowers, almost certainly because the latter does not have a strong smell.

The paper also concludes that marketers can boost the olfactory impact by adding a second 'cue' to packaging and branding material, such as showing cut lemons rather than whole lemons.

Co-author Zachary Estes, Professor of Marketing at Bayes Business School (formerly Cass), City, University of London, said: "Marketers and their clients have sought for some time to infuse packaging and even print advertisements with appropriate pleasant fragrances. There is strong evidence that appealing scents can boost sales in shops. However, for individual products that process is costly and not always particularly practical. It also has limited impact -- research suggests that just 11 per cent of customers sniff fragranced magazine ads, for example.

"Our study suggests there is a less expensive route to the olfactory senses -- one where people's imaginations almost do the marketer's work. It is no surprise that attractive images of flowers or fruit with pleasant smells will attract customers if they are relevant to the product. However, that impact can be magnified by using specific images that intensify stimulation the olfactory senses as well."

Co-author Varun Sharma, Assistant Teaching Professor at Carnegie Mellon University (Qatar), said: "With this large market comes a growing demand to advertise and package these scented products effectively. Our work suggests that scent has far more pervasive and powerful marketing potential than previously thought.

"It's reasonable to assume that even when packaging or advertisements carry a scent-related picture, it is initially chosen for visual appeal. Marketers and their clients need to understand the wider power of such images. Unless marketers fully understand why such pictures are effective and that their impact is multisensory, they may make costly mistakes."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240502141229.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Society News
          
          	
            Sections
          
          	
        

      

      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Generative AI that imitates human motion
        Walking and running is notoriously difficult to recreate in robots. Now, a group of researchers has overcome some of these challenges by creating an innovative method that employs central pattern generators -- neural circuits located in the spinal cord that generate rhythmic patterns of muscle activity -- with deep reinforcement learning. The method not only imitates walking and running motions but also generates movements for frequencies where motion data is absent, enables smooth transition mov...

      

      
        Discover optimal conditions for mass production of ultraviolet holograms
        Scientists delve into the composition of nanocomposites for ultraviolet metasurface fabrication.

      

      
        Astrophysicists discover a novel method for hunting the first stars
        A recent study has discovered a novel method for detecting the first-generations stars, known as Population III (Pop III) stars, which have never been directly detected. These potential discoveries about Pop III stars hold the promise of unlocking the secrets of the universe's origin and providing a deeper understanding of the remarkable journey from the primordial cosmos to the world we inhabit today.

      

      
        'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones
        Researchers lay out the need for design safety protocols that prevent the emerging 'digital afterlife industry' causing social and psychological harm.

      

      
        Possible atmosphere surrounding rocky exoplanet
        Researchers may have detected atmospheric gases surrounding 55 Cancri e, a hot rocky exoplanet 41 light-years from Earth. This is the best evidence to date for the existence of any rocky planet atmosphere outside our solar system.

      

      
        Iron fingerprints in nearby active galaxy
        After starting science operations in February, Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) studied the monster black hole at the center of galaxy NGC 4151.

      

      
        Stilling the quantum dance of atoms
        Researchers have discovered a way to stop the quantum dance of atoms 'seen' by electrons in carbon-based organic molecules. This development will help improve the performance of light emitting molecules used in displays and bio-medical imaging.

      

      
        This sound-suppressing silk can create quiet spaces
        Researchers developed a silk fabric, which is barely thicker than a human hair, that can suppress unwanted noise and reduce noise transmission in a large room.

      

      
        Seeking medical insights in the physics of mucus
        Understanding how mucus changes, and what it changes in response to, can help diagnose illnesses and develop treatments. Researchers develop a system to grow mucus-producing intestinal cells and study the characteristics of the mucus in different conditions. The process involves growing a layer of intestinal cells on a laboratory plate exposed to air. These cells produce a layer of mucus that the researchers can easily access for testing. Using a magnetic wire, they can measure the consistency of...

      

      
        Caterbot? Robatapillar? It crawls with ease through loops and bends
        Engineers created a catapillar-shaped robot that splits into segments and reassembles, hauls cargo, and crawls through twisting courses.

      

      
        Venus has almost no water: A new study may reveal why
        Billions of years ago, Venus may have harbored as much water as Earth. Today, almost all of it has disappeared. A new study may help to explain why.

      

      
        Astronomers observe elusive stellar light surrounding ancient quasars
        Astronomers observed the elusive starlight surrounding some of the earliest quasars in the universe. The findings may shed light on how the earliest supermassive black holes became so massive despite having a relatively short amount of cosmic time in which to grow.

      

      
        New discoveries about Jupiter's magnetosphere
        New discoveries about Jupiter could lead to a better understanding of Earth's own space environment and influence a long-running scientific debate about the solar system's largest planet.

      

      
        Did a magnetic field collapse trigger the emergence of animals?
        Researchers uncovered compelling evidence that Earth's magnetic field was in a highly unusual state when the macroscopic animals of the Ediacaran Period -- 635 to 541 million years ago -- diversified and thrived. Their study raises the question of whether these fluctuations in Earth's ancient magnetic field led to shifts in oxygen levels that may have been crucial to the proliferation of life forms millions of years ago.

      

      
        Stretchable e-skin could give robots human-level touch sensitivity
        A stretchy electronic skin could equip robots and other devices with the same softness and touch sensitivity as human skin, opening up new possibilities to perform tasks that require a great deal of precision and control of force.
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Generative AI that imitates human motion | ScienceDaily
Walking and running is notoriously difficult to recreate in robots. Now, a group of researchers has overcome some of these challenges by creating an innovative method that employs central pattern generators -- neural circuits located in the spinal cord that generate rhythmic patterns of muscle activity -- with deep reinforcement learning. An international group of researchers has created a new approach to imitating human motion through combining central pattern generators (CPGs) and deep reinforcement learning (DRL). The method not only imitates walking and running motions but also generates movements for frequencies where motion data is absent, enables smooth transition movements from walking to running, and allows for adapting to environments with unstable surfaces.


						
Details of their breakthrough were published in the journal IEEE Robotics and Automation Letters on April 15, 2024.

We might not think about it much, but walking and running involves inherent biological redundancies that enable us to adjust to the environment or alter our walking/running speed. Given the intricacy and complexity of this, reproducing these human-like movements in robots is notoriously challenging.

Current models often struggle to accommodate unknown or challenging environments, which makes them less efficient and effective. This is because AI is suited for generating one or a small number of correct solutions. With living organisms and their motion, there isn't just one correct pattern to follow. There's a whole range of possible movements, and it is not always clear which one is the best or most efficient.

DRL is one way researchers have sought to overcome this. DRL extends traditional reinforcement learning by leveraging deep neural networks to handle more complex tasks and learn directly from raw sensory inputs, enabling more flexible and powerful learning capabilities. Its disadvantage is the huge computational cost of exploring vast input space, especially when the system has a high degree of freedom.

Another approach is imitation learning, in which a robot learns by imitating motion measurement data from a human performing the same motion task. Although imitation learning is good at learning on stable environments, it struggles when faced with new situations or environments it hasn't encountered during training. Its ability to modify and navigate effectively becomes constrained by the narrow scope of its learned behaviors.

"We overcame many of the limitations of these two approaches by combining them," explains Mitsuhiro Hayashibe, a professor at Tohoku University's Graduate School of Engineering. "Imitation learning was used to train a CPG-like controller, and, instead of applying deep learning to the CPGs itself, we applied it to a form of a reflex neural network that supported the CPGs."

CPGs are neural circuits located in the spinal cord that, like a biological conductor, generate rhythmic patterns of muscle activity. In animals, a reflex circuit works in tandem with CPGs to provide adequate feedback that allows them to adjust their speed and walking/running movements to suit the terrain.




By adopting the structure of CPG and its reflexive counterpart, the adaptive imitated CPG (AI-CPG) method achieves remarkable adaptability and stability in motion generation while imitating human motion.

"This breakthrough sets a new benchmark in generating human-like movement in robotics, with unprecedented environmental adaptation capability," adds Hayashibe "Our method represents a significant step forward in the development of generative AI technologies for robot control, with potential applications across various industries."

The research group comprised members from Tohoku University's Graduate School of Engineering and the Ecole Polytechnique Federale de Lausanne, or the Swiss Federal Institute of Technology in Lausanne.
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Discover optimal conditions for mass production of ultraviolet holograms | ScienceDaily
Professor Junsuk Rho from the Department of Mechanical Engineering, Chemical Engineering, and Electrical Engineering, Hyunjung Kang and Nara Jeon, PhD candidates, from Department of Mechanical Engineering and Dongkyo Oh, a PhD student, from the Department of Mechanical Engineering at Pohang University of Science and Technology (POSTECH) successfully conducted a thorough quantitative analysis. Their aim is to determine the ideal printing material for crafting ultraviolet metasurfaces. Their findings featured in the journal Microsystems & Nanoengineering on April 22.


						
Metasurfaces, these ultra-thin optical devices, possess the remarkable ability to control light down to a mere nanometer thickness. Metasurfaces have consistently been the subject of research as a pivotal technology for the advancement of next-generation displays, imaging, and biosensing. Their reach extends beyond visible light, delving into the realms of infrared and ultraviolet light.

Nanoimprint lithography is a technology in metasurface production, akin to a stamp generating numerous replicas from a single mold. This innovative technique promises affordable and large-scale manufacturing of metasurfaces, paving the way for their commercial viability. However, the resin utilized as the printing material suffers from a drawback -- a low refractive index, hindering efficient light manipulation. To tackle this challenge, researchers are actively exploring nanocomposites, integrating nanoparticles into the resin to boost its refractive index. Yet, the efficacy of this approach depends on various factors such as nanoparticle type and solvent choice, necessitating a systematic analysis for optimal metasurface performance.

In their research, the team meticulously designed experiments to evaluate the impact of nanoparticle concentration and solvent selection on pattern transfer and UV metaholograms. Specifically, they manipulated the concentration of zirconium dioxide (ZrO2), a nanocomposite renowned for its effectiveness in UV metahologram production, ranging from 20% to 90%. The findings showed that the highest pattern transfer efficiency was attained at an 80% concentration level.

Moreover, when combining ZrO2 at an 80% concentration with various solvents such as methylisobutyl ketone, methyl ethyl ketone, and acetone for metahologram realization, the conversion efficiency soared in the ultraviolet spectrum (325 nm), reaching impressive levels of 62.3%, 51.4%, and 61.5%, respectively. This research marks a significant milestone by establishing an optimal metric for achieving metaholograms specifically tailored for the ultraviolet domain, as opposed to the visible range, while also pioneering the development of new nanocomposites.

Professor Junsuk Rho from POSTECH remarked, "The use of titanium dioxide (TiO2) and silicon (Si) nanocomposites instead of ZrO2 expands the applicability to visible and infrared light." He expressed expectation by stating, "Our future research endeavors will focus on refining the preparation conditions for optimal nanocomposites, thus propelling the advancement, application and expansion of optical metasurface fabrication technology."

The research was conducted with support from the STEAM Research Program, the RLRC Program, and the Nano-materials Source Technology Development Project of the National Research Foundation of Korea and the Ministry of Science and ICT, the Alchemist Project of Ministry of Trade, Industry and Energy and the Korea Planning & Evaluation Institute of Industrial Technology, and the N.EX.T IMPACT of POSCO Holdings.
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Astrophysicists discover a novel method for hunting the first stars | ScienceDaily
A recent study led by the research group of Professor Jane Lixin DAI of the Department of Physics at The University of Hong Kong (HKU) has discovered a novel method for detecting the first-generations stars, known as Population III (Pop III) stars, which have never been directly detected. The research has been widely acknowledged by the international astronomy community with a highlight from the Space Telescope Science Institute, which operates several NASA telescopes. These potential discoveries about Pop III stars hold the promise of unlocking the secrets of the universe's origin and providing a deeper understanding of the remarkable journey from the primordial cosmos to the world we inhabit today. Their findings have recently been published in The Astrophysical Journal Letters.


						
Shortly after the Universe began with the Big Bang, the first stars, composed mainly of hydrogen and helium, began to form. The properties of these first-generation stars, Pop III, are very different from stars like our own Sun or even the ones that are forming today. They were tremendously hot, gigantic in size and mass, but very short-lived. Pop III stars are the first factories to synthesise most elements heavier than hydrogen and helium around us today. They are also very important for forming later generations of stars and galaxies. However, there have not been convincing direct detections of Pop III stars up to now, as these stars formed in the early universe are very far away and way too faint for any of our telescopes on the ground or in space.

For the first time, HKU scientists discovered a novel method for detecting these first stars in the early Universe. A recent study led by the research group of Professor Jane Lixin DAI of the Department of Physics at HKU proposed that a Pop III star can be torn apart into pieces by tidal force if it wanders into the vicinity of a massive black hole. In such a tidal disruption event (TDE), the black hole feasts on the stellar debris and produces very luminous flares. The researchers investigated the complex physical process involved and demonstrated that these flares can shine across billions of light years to reach us today. Most importantly, they have found that the unique signatures of these TDE flares can be used to identify the existence of Pop III stars and gain insights into their properties.

"As the energetic photons travel from a very faraway distance, the timescale of the flare will be stretched due to the expansion of the Universe. These TDE flares will rise and decay over a very long period of time, which sets them apart from the TDEs of solar-type stars in the nearby Universe," said Professor Jane Dai, principal investigator and the corresponding author of the project. "Interestingly, not only are the timescales of the flares are stretched, so is their wavelength. The optical and ultraviolet light emitted by the TDE will be transferred to infrared emissions when reaching the Earth." Dr Rudrani KAR CHOWDHURY, Postdoctoral Fellow of the Department of Physics at HKU and the first author of the paper, further added.

What makes the discovery more exciting is that two NASA flagship missions, the recently launched James Webb Space Telescope (JWST) and the upcoming Nancy Grace Roman Space Telescope (Roman), have the capability to observe such infrared emissions from great distances. Professor Priya NATARAJAN of the Department of Astronomy and Physics at Yale University and a co-author of the paper mentioned, "Roman's unique capabilities of simultaneously being able to observe a large area of the sky and peeking deep into early Universe makes it a promising probe for detecting these Pop III TDE flares, which would in turn serve as an indirect discovery of Pop III stars." Ms Janet CHANG, a PhD student at the Department of Physics at HKU and co-author of the paper, added, "We expect that a few dozens of these events will be detected by Roman every year if the right observation strategy is pursued." With these findings in mind, the next decade presents significant potential for identifying these distinct sources, leading to exciting revelations about Pop III stars and unraveling the mysteries of the universe's inception.
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'Digital afterlife': Call for safeguards to prevent unwanted 'hauntings' by AI chatbots of dead loved ones | ScienceDaily
Artificial intelligence that allows users to hold text and voice conversations with lost loved ones runs the risk of causing psychological harm and even digitally "haunting" those left behind without design safety standards, according to University of Cambridge researchers.


						
'Deadbots' or 'Griefbots' are AI chatbots that simulate the language patterns and personality traits of the dead using the digital footprints they leave behind. Some companies are already offering these services, providing an entirely new type of "postmortem presence."

AI ethicists from Cambridge's Leverhulme Centre for the Future of Intelligence outline three design scenarios for platforms that could emerge as part of the developing "digital afterlife industry," to show the potential consequences of careless design in an area of AI they describe as "high risk."

The research, published in the journal Philosophy and Technology, highlights the potential for companies to use deadbots to surreptitiously advertise products to users in the manner of a departed loved one, or distress children by insisting a dead parent is still "with you."

When the living sign up to be virtually re-created after they die, resulting chatbots could be used by companies to spam surviving family and friends with unsolicited notifications, reminders and updates about the services they provide -- akin to being digitally "stalked by the dead."

Even those who take initial comfort from a 'deadbot' may get drained by daily interactions that become an "overwhelming emotional weight," argue researchers, yet may also be powerless to have an AI simulation suspended if their now-deceased loved one signed a lengthy contract with a digital afterlife service.

"Rapid advancements in generative AI mean that nearly anyone with Internet access and some basic know-how can revive a deceased loved one," said Dr Katarzyna Nowaczyk-Basi?ska, study co-author and researcher at Cambridge's Leverhulme Centre for the Future of Intelligence (LCFI).




"This area of AI is an ethical minefield. It's important to prioritise the dignity of the deceased, and ensure that this isn't encroached on by financial motives of digital afterlife services, for example.

"At the same time, a person may leave an AI simulation as a farewell gift for loved ones who are not prepared to process their grief in this manner. The rights of both data donors and those who interact with AI afterlife services should be equally safeguarded."

Platforms offering to recreate the dead with AI for a small fee already exist, such as 'Project December', which started out harnessing GPT models before developing its own systems, and apps including 'HereAfter'. Similar services have also begun to emerge in China.

One of the potential scenarios in the new paper is "MaNana": a conversational AI service allowing people to create a deadbot simulating their deceased grandmother without consent of the "data donor" (the dead grandparent).

The hypothetical scenario sees an adult grandchild who is initially impressed and comforted by the technology start to receive advertisements once a "premium trial" finishes. For example, the chatbot suggesting ordering from food delivery services in the voice and style of the deceased.

The relative feels they have disrespected the memory of their grandmother, and wishes to have the deadbot turned off, but in a meaningful way -- something the service providers haven't considered.




"People might develop strong emotional bonds with such simulations, which will make them particularly vulnerable to manipulation," said co-author Dr Tomasz Hollanek, also from Cambridge's LCFI.

"Methods and even rituals for retiring deadbots in a dignified way should be considered. This may mean a form of digital funeral, for example, or other types of ceremony depending on the social context."

"We recommend design protocols that prevent deadbots being utilised in disrespectful ways, such as for advertising or having an active presence on social media."

While Hollanek and Nowaczyk-Basi?ska say that designers of re-creation services should actively seek consent from data donors before they pass, they argue that a ban on deadbots based on non-consenting donors would be unfeasible.

They suggest that design processes should involve a series of prompts for those looking to "resurrect" their loved ones, such as 'have you ever spoken with X about how they would like to be remembered?', so the dignity of the departed is foregrounded in deadbot development.

Another scenario featured in the paper, an imagined company called "Paren't," highlights the example of a terminally ill woman leaving a deadbot to assist her eight-year-old son with the grieving process.

While the deadbot initially helps as a therapeutic aid, the AI starts to generate confusing responses as it adapts to the needs of the child, such as depicting an impending in-person encounter.

The researchers recommend age restrictions for deadbots, and also call for "meaningful transparency" to ensure users are consistently aware that they are interacting with an AI. These could be similar to current warnings on content that may cause seizures, for example.

The final scenario explored by the study -- a fictional company called "Stay" -- shows an older person secretly committing to a deadbot of themselves and paying for a twenty-year subscription, in the hopes it will comfort their adult children and allow their grandchildren to know them.

After death, the service kicks in. One adult child does not engage, and receives a barrage of emails in the voice of their dead parent. Another does, but ends up emotionally exhausted and wracked with guilt over the fate of the deadbot. Yet suspending the deadbot would violate the terms of the contract their parent signed with the service company.

"It is vital that digital afterlife services consider the rights and consent not just of those they recreate, but those who will have to interact with the simulations," said Hollanek.

"These services run the risk of causing huge distress to people if they are subjected to unwanted digital hauntings from alarmingly accurate AI recreations of those they have lost. The potential psychological effect, particularly at an already difficult time, could be devastating."

The researchers call for design teams to prioritise opt-out protocols that allow potential users terminate their relationships with deadbots in ways that provide emotional closure.

Added Nowaczyk-Basinska: "We need to start thinking now about how we mitigate the social and psychological risks of digital immortality, because the technology is already here."
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Possible atmosphere surrounding rocky exoplanet | ScienceDaily
Researchers using NASA's James Webb Space Telescope may have detected atmospheric gases surrounding 55 Cancri e, a hot rocky exoplanet 41 light-years from Earth. This is the best evidence to date for the existence of any rocky planet atmosphere outside our solar system.


						
Renyu Hu from NASA's Jet Propulsion Laboratory (JPL) in Pasadena, California, is lead author on a paper published today in Nature. "Webb is pushing the frontiers of exoplanet characterization to rocky planets," Hu said. "It is truly enabling a new type of science."

Super-Hot Super-Earth 55 Cancri e

55 Cancri e (image below, details/download), also known as Janssen, is one of five known planets orbiting the Sun-like star 55 Cancri, in the constellation Cancer. With a diameter nearly twice that of Earth and density slightly greater, the planet is classified as a super-Earth: larger than Earth, smaller than Neptune, and likely similar in composition to the rocky planets in our solar system.

To describe 55 Cancri e as "rocky," however, could leave the wrong impression. The planet orbits so close to its star (about 1.4 million miles, or one-twenty-fifth the distance between Mercury and the Sun) that its surface is likely to be molten -- a bubbling ocean of magma. With such a tight orbit, the planet is also likely to be tidally locked, with a dayside that faces the star at all times and a nightside in perpetual darkness.

In spite of numerous observations since it was discovered to transit in 2011, the question of whether or not 55 Cancri e has an atmosphere -- or even could have one given its high temperature and the continuous onslaught of stellar radiation and wind from its star -- has gone unanswered.

"I've worked on this planet for more than a decade," said Diana Dragomir, an exoplanet researcher at the University of New Mexico and co-author on the study. "It's been really frustrating that none of the observations we've been getting have robustly solved these mysteries. I am thrilled that we're finally getting some answers!"

Unlike the atmospheres of gas giant planets, which are relatively easy to spot (the first was detected by NASA's Hubble Space Telescope more than two decades ago), thinner and denser atmospheres surrounding rocky planets have remained elusive.




Previous studies of 55 Cancri e using data from NASA's now-retired Spitzer Space Telescope suggested the presence of a substantial atmosphere rich in volatiles (molecules that occur in gas form on Earth) like oxygen, nitrogen, and carbon dioxide. But researchers could not rule out another possibility: that the planet is bare, save for a tenuous shroud of vaporized rock, rich in elements like silicon, iron, aluminum, and calcium. "The planet is so hot that some of the molten rock should evaporate," explained Hu.

Measuring Subtle Variations in Infrared Colors

To distinguish between the two possibilities, the team used Webb's NIRCam (Near-Infrared Camera) and MIRI (Mid-Infrared Instrument) to measure 4- to 12-micron infrared light coming from the planet.

Although Webb cannot capture a direct image of 55 Cancri e, it can measure subtle changes in light from the system as the planet orbits the star.

By subtracting the brightness during the secondary eclipse (image below, details/download), when the planet is behind the star (starlight only), from the brightness when the planet is right beside the star (light from the star and planet combined), the team was able to calculate the amount of various wavelengths of infrared light coming from the dayside of the planet.

This method, known as secondary eclipse spectroscopy, is similar to that used by other research teams to search for atmospheres on other rocky exoplanets, like TRAPPIST-1 b.




Cooler than Expected

The first indication that 55 Cancri e could have a substantial atmosphere came from temperature measurements based on its thermal emission (image below, details/download), or heat energy given off in the form of infrared light. If the planet is covered in dark molten rock with a thin veil of vaporized rock or no atmosphere at all, the dayside should be around 4,000 degrees Fahrenheit (~2,200 degrees Celsius).

"Instead, the MIRI data showed a relatively low temperature of about 2,800 degrees Fahrenheit [~1540 degrees Celsius]," said Hu. "This is a very strong indication that energy is being distributed from the dayside to the nightside, most likely by a volatile-rich atmosphere." While currents of lava can carry some heat around to the nightside, they cannot move it efficiently enough to explain the cooling effect.

When the team looked at the NIRCam data, they saw patterns consistent with a volatile-rich atmosphere. "We see evidence of a dip in the spectrum between 4 and 5 microns -- less of this light is reaching the telescope," explained co-author Aaron Bello-Arufe, also from NASA JPL. "This suggests the presence of an atmosphere containing carbon monoxide or carbon dioxide, which absorb these wavelengths of light." A planet with no atmosphere or an atmosphere consisting only of vaporized rock would not have this specific spectral feature.

"We've spent the last ten years modelling different scenarios, trying to imagine what this world might look like," said co-author Yamila Miguel from the Leiden Observatory and the Netherlands Institute for Space Research (SRON). "Finally getting some confirmation of our work is priceless!"

Bubbling Magma Ocean

The team thinks that the gases blanketing 55 Cancri e would be bubbling out from the interior, rather than being present ever since the planet formed. "The primary atmosphere would be long gone because of the high temperature and intense radiation from the star," said Bello-Arufe. "This would be a secondary atmosphere that is continuously replenished by the magma ocean. Magma is not just crystals and liquid rock; there's a lot of dissolved gas in it, too."

While 55 Cancri e is far too hot to be habitable, researchers think it could provide a unique window for studying interactions between atmospheres, surfaces, and interiors of rocky planets, and perhaps provide insights into the early conditions of Earth, Venus, and Mars, which are thought to have been covered in magma oceans far in the past. "Ultimately, we want to understand what conditions make it possible for a rocky planet to sustain a gas-rich atmosphere: a key ingredient for a habitable planet," said Hu.

This research was conducted as part of Webb's General Observers (GO) Program 1952. Analysis of additional secondary eclipse observations of 55 Cancri e are currently in progress.
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Iron fingerprints in nearby active galaxy | ScienceDaily
After starting science operations in February, Japan-led XRISM (X-ray Imaging and Spectroscopy Mission) studied the monster black hole at the center of galaxy NGC 4151.


						
"XRISM's Resolve instrument captured a detailed spectrum of the area around the black hole," said Brian Williams, NASA's project scientist for the mission at the agency's Goddard Space Flight Center in Greenbelt, Maryland. "The peaks and dips are like chemical fingerprints that can tell us what elements are present and reveal clues about the fate of matter as it nears the black hole."

XRISM (pronounced "crism") is led by JAXA (Japan Aerospace Exploration Agency) in collaboration with NASA, along with contributions from ESA (European Space Agency). It launched Sept. 6, 2023. NASA and JAXA developed Resolve, the mission's microcalorimeter spectrometer.

NGC 4151 is a spiral galaxy around 43 million light-years away in the northern constellation Canes Venatici. The supermassive black hole at its center holds more than 20 million times the Sun's mass.

The galaxy is also active, which means its center is unusually bright and variable. Gas and dust swirling toward the black hole form an accretion disk around it and heat up through gravitational and frictional forces, creating the variability. Some of the matter on the brink of the black hole forms twin jets of particles that blast out from each side of the disk at nearly the speed of light. A puffy donut-shaped cloud of material called a torus surrounds the accretion disk.

In fact, NGC 4151 is one of the closest-known active galaxies. Other missions, including NASA's Chandra X-ray Observatory and Hubble Space Telescope, have studied it to learn more about the interaction between black holes and their surroundings, which can tell scientists how supermassive black holes in galactic centers grow over cosmic time.

The galaxy is uncommonly bright in X-rays, which made it an ideal early target for XRISM.




Resolve's spectrum of NGC 4151 reveals a sharp peak at energies just under 6.5 keV (kiloelectron volts) -- an emission line of iron. Astronomers think that much of the power of active galaxies comes from X-rays originating in hot, flaring regions close to the black hole. X-rays bouncing off cooler gas in the disk causes iron there to fluoresce, producing a specific X-ray peak. This allows astronomers to paint a better picture of both the disk and erupting regions much closer to the black hole.

The spectrum also shows several dips around 7 keV. Iron located in the torus caused these dips as well, although through absorption of X-rays, rather than emission, because the material there is much cooler than in the disk. All this radiation is some 2,500 times more energetic than the light we can see with our eyes.

Iron is just one element XRISM can detect. The telescope can also spot sulfur, calcium, argon, and others, depending on the source. Each tells astrophysicists something different about the cosmic phenomena scattered across the X-ray sky.

XRISM is a collaborative mission between JAXA and NASA, with participation by ESA. NASA's contribution includes science participation from CSA (Canadian Space Agency).
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Stilling the quantum dance of atoms | ScienceDaily
Researchers based at the University of Cambridge have discovered a way to stop the quantum dance of atoms 'seen' by electrons in carbon-based organic molecules. This development will help improve the performance of light emitting molecules used in displays and bio-medical imaging.


						
Since the discovery of quantum mechanics more than a hundred years ago, it has been known that electrons in molecules can be coupled to the motion of the atoms that make up the molecules. Often referred to as molecular vibrations, the motion of atoms act like tiny springs, undergoing periodic motion. For electrons in these systems, being joined to the hip with these vibrations means they are constantly in motion too, dancing to the tune of the atoms, on timescales of a millionth of a billionth of a second. But all this dancing around leads to a loss of energy and limits the performance of organic molecules in applications like light emitting diodes (OLEDs), infrared sensors and fluorescent biomarkers used in the study of cells and for tagging diseases such as cancer cells.

Now, researchers using laser-based spectroscopic techniques have discovered 'new molecular design rules' capable of halting this molecular dance. Their results, reported in Nature, revealed crucial design principles that can stop the coupling of electrons to atomic vibrations, in effect shutting down their hectic dancing and propelling the molecules to achieve unparalleled performance.

"All organic molecules, such as those found in living cells or within the screen of your phone consist of carbon atoms connected to each other via a chemical bond," said Cavendish PhD student Pratyush Ghosh, first author of the study and member of St John's College.

"Those chemical bonds are like tiny vibrating springs, which are generally felt by electrons, impairing the performance of molecules and devices. However, we have now found that certain molecules can avoid these detrimental effects when we restrict the geometric and electronic structure of the molecule to some special configurations."

To demonstrate these design principles, the scientists designed a series of efficient near-infrared emitting (680-800 nm) molecules. In these molecules, energy losses resulting from vibrations -- essentially, electrons dancing to the tune of atoms -- were more than 100 times lower than in previous organic molecules.

This understanding and development of new rules to design light emitting molecules has opened an extremely interesting trajectory for the future, where these fundamental observations can be applied to industries.

"These molecules also have a wide range of applications today. The task now is to translate our discovery to make better technologies, from enhanced displays to improved molecules for bio-medical imaging and disease detection," concluded Professor Akshay Rao from Cavendish Laboratory, who led this research.
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This sound-suppressing silk can create quiet spaces | ScienceDaily
We are living in a very noisy world. From the hum of traffic outside your window to the next-door neighbor's blaring TV to sounds from a co-worker's cubicle, unwanted noise remains a resounding problem.


						
To cut through the din, an interdisciplinary collaboration of researchers from MIT and elsewhere developed a sound-suppressing silk fabric that could be used to create quiet spaces.

The fabric, which is barely thicker than a human hair, contains a special fiber that vibrates when a voltage is applied to it. The researchers leveraged those vibrations to suppress sound in two different ways.

In one, the vibrating fabric generates sound waves that interfere with an unwanted noise to cancel it out, similar to noise-canceling headphones, which work well in a small space like your ears but do not work in large enclosures like rooms or planes.

In the other, more surprising technique, the fabric is held still to suppress vibrations that are key to the transmission of sound. This prevents noise from being transmitted through the fabric and quiets the volume beyond. This second approach allows for noise reduction in much larger spaces like rooms or cars.

By using common materials like silk, canvas, and muslin, the researchers created noise-suppressing fabrics which would be practical to implement in real-world spaces. For instance, one could use such a fabric to make dividers in open workspaces or thin fabric walls that prevent sound from getting through.

"Noise is a lot easier to create than quiet. In fact, to keep noise out we dedicate a lot of space to thick walls. [First author] Grace's work provides a new mechanism for creating quiet spaces with a thin sheet of fabric," says Yoel Fink, a professor in the departments of Materials Science and Engineering and Electrical Engineering and Computer Science, a Research Laboratory of Electronics principal investigator, and senior author of a paper on the fabric.




The study's lead author is Grace (Noel) Yang SM '21, PhD '24. Co-authors include MIT graduate students Taigyu Joo, Hyunhee Lee, Henry Cheung, and Yongyi Zhao; Zachary Smith, the Robert N. Noyce Career Development Professor of Chemical Engineering at MIT; graduate student Guanchun Rui and professor Lei Zhu of Case Western University; graduate student Jinuan Lin and Assistant Professor Chu Ma of the University of Wisconsin at Madison; and Latika Balachander, a graduate student at the Rhode Island School of Design. The an open-access paper about the research appeared recently in Advanced Materials.

Silky silence

The sound-suppressing silk builds off the group's prior work to create fabric microphones.

In that research, they sewed a single strand of piezoelectric fiber into fabric. Piezoelectric materials produce an electrical signal when squeezed or bent. When a nearby noise causes the fabric to vibrate, the piezoelectric fiber converts those vibrations into an electrical signal, which can capture the sound.

In the new work, the researchers flipped that idea to create a fabric loudspeaker that can be used to cancel out soundwaves.

"While we can use fabric to create sound, there is already so much noise in our world. We thought creating silence could be even more valuable," Yang says.




Applying an electrical signal to the piezoelectric fiber causes it to vibrate, which generates sound. The researchers demonstrated this by playing Bach's "Air" using a 130-micrometer sheet of silk mounted on a circular frame.

To enable direct sound suppression, the researchers use a silk fabric loudspeaker to emit sound waves that destructively interfere with unwanted sound waves. They control the vibrations of the piezoelectric fiber so that sound waves emitted by the fabric are opposite of unwanted sound waves that strike the fabric, which can cancel out the noise.

However, this technique is only effective over a small area. So, the researchers built off this idea to develop a technique that uses fabric vibrations to suppress sound in much larger areas, like a bedroom.

Let's say your next-door neighbors are playing foosball in the middle of the night. You hear noise in your bedroom because the sound in their apartment causes your shared wall to vibrate, which forms sound waves on your side.

To suppress that sound, the researchers could place the silk fabric onto your side of the shared wall, controlling the vibrations in the fiber to force the fabric to remain still. This vibration-mediated suppression prevents sound from being transmitted through the fabric.

"If we can control those vibrations and stop them from happening, we can stop the noise that is generated, as well," Yang says.

A mirror for sound

Surprisingly, the researchers found that holding the fabric still causes sound to be reflected by the fabric, resulting in a thin piece of silk that reflects sound like a mirror does with light.

Their experiments also revealed that both the mechanical properties of a fabric and the size of its pores affect the efficiency of sound generation. While silk and muslin have similar mechanical properties, the smaller pore sizes of silk make it a better fabric loudspeaker.

But the effective pore size also depends on the frequency of sound waves. If the frequency is low enough, even a fabric with relatively large pores could function effectively, Yang says.

When they tested the silk fabric in direct suppression mode, the researchers found that it could significantly reduce the volume of sounds up to 65 decibels (about as loud as enthusiastic human conversation). In vibration-mediated suppression mode, the fabric could reduce sound transmission up to 75 percent.

These results were only possible due to a robust group of collaborators, Fink says. Graduate students at the Rhode Island School of Design helped the researchers understand the details of constructing fabrics; scientists at the University of Wisconsin at Madison conducted simulations; researchers at Case Western Reserve University characterized materials; and chemical engineers in the Smith Group at MIT used their expertise in gas membrane separation to measure airflow through the fabric.

Moving forward, the researchers want to explore the use of their fabric to block sound of multiple frequencies. This would likely require complex signal processing and additional electronics.

In addition, they want to further study the architecture of the fabric to see how changing things like the number of piezoelectric fibers, the direction in which they are sewn, or the applied voltages could improve performance.

"There are a lot of knobs we can turn to make this sound-suppressing fabric really effective. We want to get people thinking about controlling structural vibrations to suppress sound. This is just the beginning," says Yang.

This work is funded, in part, by the National Science Foundation (NSF), the Army Research Office (ARO), the Defense Threat Reduction Agency (DTRA), and the Wisconsin Alumni Research Foundation.
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Seeking medical insights in the physics of mucus | ScienceDaily
As much as we might not want to think about it, mucus is everywhere in our bodies. It coats our airways and our digestive systems and serves as a first line of defense against pathogens, a habitat for our microbiomes, and a conveyor belt for our insides to keep everything moving smoothly.


						
The front-line role of mucus means it is often the site of the first symptoms of infection or disease. Understanding how mucus changes, and what it changes in response to, can help diagnose illnesses and develop treatments. Designing a study to measure the physical properties of mucus, however, is nothing to sneeze at.

In APL Bioengineering, by AIP Publishing, researchers from Stanford University developed a system to grow mucus-producing intestinal cells and study the characteristics of the mucus in different conditions. Their platform can explore the effects of pathogens and help develop medications to combat them.

Currently, researchers looking to study intestinal mucus commonly use lab animals for their experiments. These animals would be given a pathogen or drug, and researchers would surgically remove the intestinal mucus to study the effects. This process is expensive, complex, and most importantly, deeply unpleasant for the animals.

In addition, the researchers say, the act of removing the mucus is likely to change how it behaves, making any obtained results unreliable.

"When people collect the mucus from the animal, they'll pipette it off or scrape it off," said author Margaret Braunreuther. "But what we found is that when we pipette the mucus layer from our cell culture, we see a very different behavior after that action. We think that the act of pipetting or scraping this very soft polymeric solution is resulting in more liquidlike behavior."

The alternative process developed by the Stanford team involves growing a layer of intestinal cells on a laboratory plate exposed to air. These cells produce a layer of mucus that the researchers can easily access for testing. Using a magnetic wire, they could measure the consistency of the mucus without affecting its properties.




"We put this wire on the mucus layer of the live cells, and then we applied a magnetic force to this probe and measured its displacement," said Braunreuther. "From the relationship between the applied force and the magnetic wire displacement, we can then calculate the rheological properties of the material."

Using this setup, the team simulated an infection by a parasitic worm to observe how the mucus responds. This study serves as both a practical demonstration of their platform and a glimpse into how these infections could be treated.

The group is now exploring even more ways to leverage their approach for better mucus health.

"We have a parallel effort to study airway mucus, looking at conditions such as cystic fibrosis and acute asthma," said author Gerald Fuller. "We also started a collaboration with a group in Berlin to develop drugs to restore a healthy mucus response."
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Caterbot? Robatapillar? It crawls with ease through loops and bends | ScienceDaily
Engineers at Princeton and North Carolina State University have combined ancient paperfolding and modern materials science to create a soft robot that bends and twists through mazes with ease.


						
Soft robots can be challenging to guide because steering equipment often increases the robot's rigidity and cuts its flexibility. The new design overcomes those problems by building the steering system directly into the robot's body, said Tuo Zhao, a postdoctoral researcher at Princeton.

In an article published May 6 in the journal PNAS, the researchers describe how they created the robot out of modular, cylindrical segments. The segments, which can operate independently or join to form a longer unit, all contribute to the robot's ability to move and steer. The new system allows the flexible robot to crawl forward and reverse, pick up cargo and assemble into longer formations.

"The concept of modular soft robots can provide insight into future soft robots that can grow, repair, and develop new functions," the authors write in their article.

Zhao said the robot's ability to assemble and split up on the move allows the system to work as a single robot or a swarm.

"Each segment can be an individual unit, and they can communicate with each other and assemble on command," he said. "They can separate easily, and we use magnets to connect them."

Zhao works in Glaucio Paulino's lab in the Department of Civil and Environmental Engineering and the Princeton Materials Institute. Paulino, the Margareta Engman Augustine Professor of Engineering, has created a body of research that applies origami to a wide array of engineering applications from medical devices to aerospace and construction.




"We have created a bio-inspired plug-and-play soft modular origami robot enabled by electrothermal actuation with highly bendable and adaptable heaters," Paulino said. "This is a very promising technology with potential translation to robots that can grow, heal, and adapt on demand."

In this case, the researchers began by building their robot out of cylindrical segments featuring an origami form called a Kresling pattern. The pattern allows each segment to twist into a flattened disk and expand back into a cylinder. This twisting, expanding motion is the basis for the robot's ability to crawl and change direction. By partially folding a section of the cylinder, the researchers can introduce a lateral bend in a robot segment. By combining small bends, the robot changes direction as it moves forward.

One of the most challenging aspects of the work involved developing a mechanism to control the bending and folding motions used to drive and steer the robot. Researchers at North Carolina State University developed the solution. They used two materials that shrink or expand differently when heated (liquid crystal elastomer and polyimide) and combined them into thin strips along the creases of the Kresling pattern. The researchers also installed a thin stretchable heater made of silver nanowire network along each fold. Electrical current on the nanowire heater heats the control strips, and the two materials' different expansion introduces a fold in the strip. By calibrating the current, and the material used in the control strips, the researchers can precisely control the folding and bending to drive the robot's movement and steering.

"Silver nanowire is an excellent material to fabricate stretchable conductors. Stretchable conductors are building blocks for a variety of stretchable electronic devices including stretchable heaters. Here we used the stretchable heater as the actuation mechanism for the bending and folding motions" said Yong Zhu, the Andrew A. Adams Distinguished Professor in the Department of Mechanical and Aerospace Engineering at N.C. State and one of the lead researchers.

Shuang Wu, a postdoctoral researcher in Zhu's lab, said the lab's previous work used the stretchable heater for continuously bending a bilayer structure. "In this work we achieved localized, sharp folding to actuate the origami pattern. This effective actuation method can be generally applied to origami structures (with creases) for soft robotics," Wu said.

The researchers said that the current version of the robot has limited speed, and they are working to increase the locomotion in later generations.

Zhao said the researchers also plan to experiment with different shapes, patterns, and instability to improve both the speed and the steering. Support for the research was provided in part by the National Science Foundation and the National Institutes of Health.
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Venus has almost no water: A new study may reveal why | ScienceDaily
Planetary scientists at the University of Colorado Boulder have discovered how Venus, Earth's scalding and uninhabitable neighbor, became so dry.


						
The new study fills in a big gap in what the researchers call "the water story on Venus." Using computer simulations, the team found that hydrogen atoms in the planet's atmosphere go whizzing into space through a process known as "dissociative recombination" -- causing Venus to lose roughly twice as much water every day compared to previous estimates.

The team will publish their findings May 6 in the journal Nature.

The results could help to explain what happens to water in a host of planets across the galaxy.

"Water is really important for life," said Eryn Cangi, a research scientist at the Laboratory for Atmospheric and Space Physics (LASP) and co-lead author of the new paper. "We need to understand the conditions that support liquid water in the universe, and that may have produced the very dry state of Venus today."

Venus, she added, is positively parched. If you took all the water on Earth and spread it over the planet like jam on toast, you'd get a liquid layer roughly 3 kilometers (1.9 miles) deep. If you did the same thing on Venus, where all the water is trapped in the air, you'd wind up with only 3 centimeters (1.2 inches), barely enough to get your toes wet.

"Venus has 100,000 times less water than the Earth, even though it's basically the same size and mass," said Michael Chaffin, co-lead author of the study and a research scientist at LASP.




In the current study, the researchers used computer models to understand Venus as a gigantic chemistry laboratory, zooming in on the diverse reactions that occur in the planet's swirling atmosphere. The group reports that a molecule called HCO+ (an ion made up of one atom each of hydrogen, carbon and oxygen) high in Venus' atmosphere may be the culprit behind the planet's escaping water.

For Cangi, co-lead author of the research, the findings reveal new hints about why Venus, which probably once looked almost identical to Earth, is all but unrecognizable today.

"We're trying to figure out what little changes occurred on each planet to drive them into these vastly different states," said Cangi, who earned her doctorate in astrophysical and planetary sciences at CU Boulder in 2023.

Spilling the water

Venus, she noted, wasn't always such a desert.

Scientists suspect that billions of year ago during the formation of Venus, the planet received about as much water as Earth. At some point, catastrophe struck. Clouds of carbon dioxide in Venus' atmosphere kicked off the most powerful greenhouse effect in the solar system, eventually raising temperatures at the surface to a roasting 900 degrees Fahrenheit. In the process, all of Venus' water evaporated into steam, and most drifted away into space.




But that ancient evaporation can't explain why Venus is as dry as it is today, or how it continues to lose water to space.

"As an analogy, say I dumped out the water in my water bottle. There would still be a few droplets left," Chaffin said.

On Venus, however, almost all of those remaining drops also disappeared. The culprit, according to the new work, is elusive HCO+.

Missions to Venus

Chaffin and Cangi explained that in planetary upper atmospheres, water mixes with carbon dioxide to form this molecule. In previous research, the researchers reported that HCO+ may be responsible for Mars losing a big chunk of its water.

Here's how it works on Venus: HCO+ is produced constantly in the atmosphere, but individual ions don't survive for long. Electrons in the atmosphere find these ions, and recombine to split the ions in two. In the process, hydrogen atoms zip away and may even escape into space entirely -- robbing Venus of one of the two components of water.

In the new study, the group calculated that the only way to explain Venus' dry state was if the planet hosted larger than expected volumes of HCO+ in its atmosphere. There is one twist to the team's findings. Scientists have never observed HCO+ around Venus. Chaffin and Cangi suggest that's because they've never had the instruments to properly look.

While dozens of missions have visited Mars in recent decades, far fewer spacecraft have traveled to the second planet from the sun. None have carried instruments capable of detecting the HCO+ that powers the team's newly discovered escape route.

"One of the surprising conclusions of this work is that HCO+ should actually be among the most abundant ions in the Venus atmosphere," Chaffin said.

In recent years, however, a growing number of scientists have set their sights on Venus. NASA's planned Deep Atmosphere Venus Investigation of Noble gases, Chemistry, and Imaging (DAVINCI) mission, for example, will drop a probe through the planet's atmosphere all the way to the surface. It's scheduled to launch by the end of the decade.

DAVINCI won't be able to detect HCO+, either, but the researchers are hopeful that a future mission might -- revealing another key piece of the story of water on Venus.

"There haven't been many missions to Venus," Cangi said. "But newly planned missions will leverage decades of collective experience and a flourishing interest in Venus to explore the extremes of planetary atmospheres, evolution and habitability."
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Astronomers observe elusive stellar light surrounding ancient quasars | ScienceDaily
MIT astronomers have observed the elusive starlight surrounding some of the earliest quasars in the universe. The distant signals, which trace back more than 13 billion years to the universe's infancy, are revealing clues to how the very first black holes and galaxies evolved.


						
Quasars are the blazing centers of active galaxies, which host an insatiable supermassive black hole at their core. Most galaxies host a central black hole that may occasionally feast on gas and stellar debris, generating a brief burst of light in the form of a glowing ring as material swirls in toward the black hole.

Quasars, by contrast, can consume enormous amounts of matter over much longer stretches of time, generating an extremely bright and long-lasting ring -- so bright, in fact, that quasars are among the most luminous objects in the universe.

Because they are so bright, quasars outshine the rest of the galaxy in which they reside. But the MIT team was able for the first time to observe the much fainter light from stars in the host galaxies of three ancient quasars.

Based on this elusive stellar light, the researchers estimated the mass of each host galaxy, compared to the mass of its central supermassive black hole. They found that for these quasars, the central black holes were much more massive relative to their host galaxies, compared to their modern counterparts.

The findings, published today in the Astrophysical Journal, may shed light on how the earliest supermassive black holes became so massive despite having a relatively short amount of cosmic time in which to grow. In particular, those earliest monster black holes may have sprouted from more massive "seeds" than more modern black holes did.

"After the universe came into existence, there were seed black holes that then consumed material and grew in a very short time," says study author Minghao Yue, a postdoc in MIT's Kavli Institute for Astrophysics and Space Research. "One of the big questions is to understand how those monster black holes could grow so big, so fast."

"These black holes are billions of times more massive than the sun, at a time when the universe is still in its infancy," says study author Anna-Christina Eilers, assistant professor of physics at MIT. "Our results imply that in the early universe, supermassive black holes might have gained their mass before their host galaxies did, and the initial black hole seeds could have been more massive than today."




Eilers' and Yue's co-authors include MIT Kavli Director Robert Simcoe, MIT Hubble Fellow and postdoc Rohan Naidu, and collaborators in Switzerland, Austria, Japan, and at North Carolina State University.

Dazzling cores

A quasar's extreme luminosity has been obvious since astronomers first discovered the objects in the 1960s. They assumed then that the quasar's light stemmed from a single, star-like "point source." Scientists designated the objects "quasars," as a portmanteau of a "quasi-stellar" object. Since those first observations, scientists have realized that quasars are in fact not stellar in origin but emanate from the accretion of intensely powerful and persistent supermassive black holes sitting at the center of galaxies that also host stars, which are much fainter in comparison to their dazzling cores.

It's been extremely challenging to separate the light from a quasar's central black hole from the light of the host galaxy's stars. The task is a bit like discerning a field of fireflies around a central, massive searchlight. But in recent years, astronomers have had a much better chance of doing so with the launch of NASA's James Webb Space Telescope (JWST), which has been able to peer farther back in time, and with much higher sensitivity and resolution, than any existing observatory.

In their new study, Yue and Eilers used dedicated time on JWST to observe six known, ancient quasars, intermittently from the fall of 2022 through the following spring. In total, the team collected more than 120 hours of observations of the six distant objects.

"The quasar outshines its host galaxy by orders of magnitude. And previous images were not sharp enough to distinguish what the host galaxy with all its stars looks like," Yue says. "Now for the first time, we are able to reveal the light from these stars by very carefully modeling JWST's much sharper images of those quasars."

A light balance




The team took stock of the imaging data collected by JWST of each of the six distant quasars, which they estimated to be about 13 billion years old. That data included measurements of each quasar's light in different wavelengths. The researchers fed that data into a model of how much of that light likely comes from a compact "point source," such as a central black hole's accretion disk, versus a more diffuse source, such as light from the host galaxy's surrounding, scattered stars.

Through this modeling, the team teased apart each quasar's light into two components: light from the central black hole's luminous disk and light from the host galaxy's more diffuse stars. The amount of light from both sources is a reflection of their total mass. The researchers estimate that for these quasars, the ratio between the mass of the central black hole and the mass of the host galaxy was about 1:10. This, they realized, was in stark contrast to today's mass balance of 1:1,000, in which more recently formed black holes are much less massive compared to their host galaxies.

"This tells us something about what grows first: Is it the black hole that grows first, and then the galaxy catches up? Or is the galaxy and its stars that first grow, and they dominate and regulate the black hole's growth?" Eilers explains. "We see that black holes in the early universe seem to be growing faster than their host galaxies. That is tentative evidence that the initial black hole seeds could have been more massive back then."

"There must have been some mechanism to make a black hole gain their mass earlier than their host galaxy in those first billion years," Yue adds. "It's kind of the first evidence we see for this, which is exciting."
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New discoveries about Jupiter's magnetosphere | ScienceDaily
New discoveries about Jupiter could lead to a better understanding of Earth's own space environment and influence a long-running scientific debate about the solar system's largest planet.


						
"By exploring a larger space such as Jupiter, we can better understand the fundamental physics governing Earth's magnetosphere and thereby improve our space weather forecasting," said Peter Delamere, a professor at the UAF Geophysical Institute and the UAF College of Natural Science and Mathematics.

"We are one big space weather event from losing communication satellites, our power grid assets, or both," he said.

Space weather refers to disturbances in the Earth's magnetosphere caused by interactions between the solar wind and the Earth's magnetic field. These are generally associated with solar storms and the sun's coronal mass ejections, which can lead to magnetic fluctuations and disruptions in power grids, pipelines and communication systems.

Delamere and a team of co-authors detailed their findings about Jupiter's magnetosphere in a recent paper in AGU Advances. Geophysical Institute research associate professor Peter Damiano, UAF graduate student researchers Austin Smith and Chynna Spitler, and former student Blake Mino are among the co-authors.

Delamere's research shows that our solar system's largest planet has a magnetosphere consisting of largely closed magnetic field lines at its polar regions but including a crescent-shaped area of open field lines. The magnetosphere is the shield that some planets have that deflects much of the solar wind.

The debate over open versus closed at the poles has raged for more than 40 years.




An open magnetosphere refers to a planet having some open-ended magnetic field lines near its poles. These are previously closed lines that have been broken apart by the solar wind and left to extend into space without re-entering the planet.

This creates regions on Jupiter where the solar wind, which carries some of the sun's magnetic field lines, directly interacts with the planet's ionosphere and atmosphere.

Solar particles moving toward a planet on open field lines do not cause the aurora, which largely occurs on closed field lines. However, the energy and momentum of solar wind particles on open field lines does transfer to the closed system.

Earth has a largely open magnetosphere at its poles, with aurora occurring on closed field lines.. It is the transferred energy on those open lines that can disrupt power grids and communications.

In order to study Jupiter's magnetosphere, Delamere ran a variety of models using data acquired by the NASA Juno spacecraft, which entered Jupiter's orbit in 2016 and has an elliptical polar orbit.

"We never had data from the polar regions, so Juno has been transformative in terms of the planet's auroral physics and helping further the discussion about its magnetic field lines," Delamere said.




The debate began with the 1979 flybys of Jupiter by NASA's Voyager 1 and Voyager 2. That data led many to believe that the planet had a generally open magnetosphere at its poles.Other scientists argued that Jupiter's auroral activity, which is much different from Earth's, indicated the planet had a mostly closed magnetosphere at the poles. Delamere, a longtime researcher of Jupiter's magnetic field, published a paper supporting that view in 2010.

In 2021, he was a co-author on a paper by Binzheng Zhang of the University of Hong Kong that suggested through modeling that Jupiter's magnetosphere had two regions of open magnetic field lines at its poles. The model shows one set of open-ended field lines emerging from the poles and trailing outward behind the planet in the magnetotail, the narrow teardrop-shaped portion of the magnetosphere pointing away from the sun. The other set emerges from Jupiter's poles and goes off to the sides into space, carried by the solar wind.

"The Zhang result provided a plausible explanation for the open field line regions," Delamere said. "And this year we provided the compelling evidence in the Juno data to support the model result.

"It is a major validation of the Zhang paper," he said.

Delamere said it's important to study Jupiter to better understand Earth.

"In the big picture, Jupiter and Earth represent opposite ends of the spectrum -- open versus closed field lines," he said. "To fully understand magnetospheric physics, we need to understand both limits."

Delamere's evidence came via an instrument on the Juno spacecraft that revealed a polar area where ions flowed in a direction opposite Jupiter's rotation.

Subsequent modeling showed a similar ion flow in the same area -- and near the open field lines proposed in the 2021 paper by Zhang and Delamere.

"The ionized gas on [closed] magnetic field lines connected to Jupiter's northern and southern hemispheres rotates with the planet," Delamere's new paper concludes, "while ionized gas on [open] field lines that connect to the solar wind move with the solar wind."

Delamere writes that the polar location of open magnetic field lines "may represent a characteristic feature of rotating giant magnetospheres for future exploration."

Other contributors are from the University of Colorado Boulder, Johns Hopkins University, Andrews University, Embry-Riddle Aeronautical University, University of Hong Kong, University of Texas San Antonio, Southwest Research Institute and O.J. Brambles Consulting in the United Kingdom.

Delamere will present the research in July at the Conference on Magnetospheres of the Outer Planets at the University of Minnesota.
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Did a magnetic field collapse trigger the emergence of animals? | ScienceDaily
The Ediacaran Period, spanning from about 635 to 541 million years ago, was a pivotal time in Earth's history. It marked a transformative era during which complex, multicellular organisms emerged, setting the stage for the explosion of life.


						
But how did this surge of life unfold and what factors on Earth may have contributed to it?

Researchers from the University of Rochester have uncovered compelling evidence that Earth's magnetic field was in a highly unusual state when the macroscopic animals of the Ediacaran Period diversified and thrived. Their study, published in Nature Communications Earth & Environment, raises the question of whether these fluctuations in Earth's ancient magnetic field led to shifts in oxygen levels that may have been crucial to the proliferation of life forms millions of years ago.

According to John Tarduno, the William Kenan, Jr. Professor in the Department of Earth and Environmental Sciences, one of the most remarkable life forms during the Ediacaran Period was the Ediacaran fauna. They were notable for their resemblance to early animals -- some even reached more than a meter (three feet) in size and were mobile, indicating they probably needed more oxygen compared to earlier life forms.

"Previous ideas for the appearance of the spectacular Ediacaran fauna have included genetic or ecologic driving factors, but the close timing with the ultra-low geomagnetic field motivated us to revisit environmental issues, and, in particular, atmospheric and ocean oxygenation," says Tarduno, who is also the Dean of Research in the School of Arts & Sciences and the School of Engineering and Applied Sciences.

Earth's magnetic mysteries

About 1,800 miles below us, liquid iron churns in Earth's outer core, creating the planet's protective magnetic field. Though invisible, the magnetic field is essential for life on Earth because it shields the planet from solar wind -- streams of radiation from the sun. But Earth's magnetic field wasn't always as strong as it is today.




Researchers have proposed that an unusually low magnetic field might have contributed to the rise of animal life. However, it has been challenging to examine the link because of limited data about the strength of the magnetic field during this time.

Tarduno and his team used innovative strategies and techniques to examine the strength of the magnetic field by studying magnetism locked in ancient feldspar and pyroxene crystals from the rock anorthosite. The crystals contain magnetic particles that preserve magnetization from the time the minerals were formed. By dating the rocks, researchers can construct a timeline of the development of Earth's magnetic field.

Leveraging cutting-edge tools, including a CO2 laser and the lab's superconducting quantum interference device (SQUID) magnetometer, the team analyzed with precision the crystals and the magnetism locked within.

A weak magnetic field

Their data indicates that Earth's magnetic field at times during the Ediacaran Period was the weakest field known to date -- up to 30 times weaker than the magnetic field today -- and that the ultra-low field strength lasted for at least 26 million years.

A weak magnetic field makes it easier for charged particles from the sun to strip away lightweight atoms such as hydrogen from the atmosphere, causing them to escape into space. If hydrogen loss is significant, more oxygen may remain in the atmosphere instead of reacting with hydrogen to form water vapor. These reactions can lead to a buildup of oxygen over time.




The research conducted by Tarduno and his team suggests that during the Ediacaran Period, the ultraweak magnetic field caused a loss of hydrogen over at least tens of millions of years. This loss may have led to increased oxygenation of the atmosphere and surface ocean, enabling more advanced life forms to emerge.

Tarduno and his research team previously discovered that the geomagnetic field recovered in strength during the subsequent Cambrian Period, when most animal groups begin to appear in the fossil record, and the protective magnetic field was reestablished, allowing life to thrive.

"If the extraordinarily weak field had remained after the Ediacaran, Earth might look very different from the water-rich planet it is today: water loss might have gradually dried Earth," Tarduno says.

Core dynamics and evolution

The work suggests that understanding planetary interiors is crucial in contemplating the potential of life beyond Earth.

"It's fascinating to think that processes in Earth's core could be linked ultimately to evolution," Tarduno says. "As we think about the possibility of life elsewhere, we also need to consider how the interiors of planets form and develop."

This research was supported by the US National Science Foundation.
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Stretchable e-skin could give robots human-level touch sensitivity | ScienceDaily
A first-ever stretchy electronic skin could equip robots and other devices with the same softness and touch sensitivity as human skin, opening up new possibilities to perform tasks that require a great deal of precision and control of force.


						
The new stretchable e-skin, developed by researchers at The University of Texas at Austin, solves a major bottleneck in the emerging technology. Existing e-skin technology loses sensing accuracy as the material stretches, but that is not the case with this new version.

"Much like human skin has to stretch and bend to accommodate our movements, so too does e-skin," said Nanshu Lu, a professor in the Cockrell School of Engineering's Department of Aerospace Engineering and Engineering Mechanics who led the project. "No matter how much our e-skin stretches, the pressure response doesn't change, and that is a significant achievement."

The new research was published today in Matter.

Lu envisions the stretchable e-skin as a critical component to a robot hand capable of the same level of softness and sensitivity in touch as a human hand. This could be applied to medical care, where robots could check a patient's pulse, wipe the body or massage a body part.

Why is a robot nurse or physical therapist necessary? Around the world, millions of people are aging and in need of care, more than the global medical system can provide.

"In the future, if we have more elderly than available caregivers, it's going to be a crisis worldwide," Lu said. "We need to find new ways to take care of people efficiently and also gently, and robots are an important piece of that puzzle."

Beyond medicine, human-caring robots could be deployed in disasters. They could search for injured and trapped people in an earthquake or a collapsed building, for example, and apply on-the-spot care, such as administering CPR.




E-skin technology senses pressure from contact, letting the attached machine know how much force to use to, for example, grab a cup or touch a person. But, when conventional e-skin is stretched, it also senses that deformation. That reading creates additional noise that skews the sensors' ability to sense the pressure. That could lead to a robot using too much force to grab something.

In demonstrations, the stretchability allowed the researchers to create inflatable probes and grippers that could change shape to perform a variety of sensitive, touch-based tasks. The inflated skin-wrapped probe was used on human subjects to capture their pulse and pulse waves accurately. The deflated grippers can conformably hold on to a tumbler without dropping it, even when a coin is dropped inside. The device also pressed on a crispy taco shell without breaking it.

The key to this discovery is an innovative hybrid response pressure sensor that Lu and collaborators have been working on for years. While conventional e-skins are either capacitive or resistive, the hybrid response e-skin employs both responses to pressure. Perfecting these sensors, and combining them with stretchable insulating and electrode materials, enabled this e-skin innovation.

Lu -- who is also affiliated with the Department of Biomedical Engineering, the Chandra Family Department of Electrical and Computer Engineering, the Walker Department of Mechanical Engineering, and the Texas Materials Institute -- and her team are now working toward the potential applications. They are collaborating with Roberto Martin-Martin, assistant professor at the College of Natural Sciences' Computer Science Department to build a robotic arm equipped with the e-skin. The researchers and UT have filed a provisional patent application for the e-skin technology, and Lu is open to collaborating with robotics companies to bring it to market.

Other authors on the paper are Kyoung-Ho Ha and Sangjun Kim of the Walker Department of Engineering; Zhengjie Li, Heeyong Huh and Zheliang Wang of the Department of Aerospace Engineering and Engineering Mechanics; and Hongyang Shi, Charles Block and Sarnab Bhattacharya of the Chandra Family Department of Electrical and Computer Engineering. Ha is now a postdoctoral researcher at the Querrey Simpson Institute for Bioelectronics at Northwestern University, and Block is now a doctoral student at the University of Illinois at Urbana-Champaign's Department of Computer Science.
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