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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.


      
        How did sabre-toothed tigers acquire their long upper canine teeth?
        In a groundbreaking study an international team of scientists has investigated the evolutionary patterns behind the development of sabre teeth, with some unexpected results along the way.

      

      
        Wind farms can offset their emissions within two years
        After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.

      

      
        Very early blood pressure control confers both benefits and harms in acute stroke
        Early identification of stroke type could be key to harnessing the benefits of very early in-ambulance blood pressure lowering treatment in patients with suspected acute stroke, according to new research.

      

      
        Why do we overindulge?
        If you tend to do other things or get distracted while eating dinner, you may be running the risk of over-consuming everyday pleasures later, possibly because the distraction caused you to enjoy yourself less, according to new research.

      

      
        When saying 'please' is more strategic than magic
        By kindergarten age, most children have been taught that 'please' is a magic word. 'Please' is an expression of politeness that shows courtesy and respect, turning a potential demand into a request that will -- poof! -- magically be granted. But a new study on the ways people make requests of one another suggests that 'please' might not be an all-purpose marker of politeness, but rather a more focused, strategic tool to manage frictions or obstacles among family members, friends and even coworker...

      

      
        Jet-propelled sea creatures could improve ocean robotics
        Scientists have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.

      

      
        What is the carbon footprint of a house in Japan?
        Researchers conducted a comprehensive analysis on the carbon footprint of constructing a wooden house in Japan. The team found that the estimated carbon footprint of a house in Japan is 38 tons of CO2, with the largest share coming from the electric power sector at 32% of all emissions. Other sectors included were pig iron production at 12% of total emissions; cement, road freight transport, and private power generation each covering 7%.

      

      
        From roots to resilience: investigating the vital role of microbes in coastal plant health
        Understanding how salt marsh grass stays healthy is of crucial ecological importance, and studying the ways bacteria interact with these plants is key. Thanks to recent advances in genomic technology, biologists have begun to reveal never-before-seen ecological processes.

      

      
        Blood pressure drugs more than double bone-fracture risk in nursing home patients
        New research finds a link between common medications and life-threatening injuries.

      

      
        Carbon-capture batteries developed to store renewable energy, help climate
        Researchers are developing battery technologies to fight climate change in two ways, by expanding the use of renewable energy and capturing airborne carbon dioxide. Researchers recently created and tested two different formulations for batteries that store renewable energy; when the energy is later used, an electrochemical reaction converts industrial carbon dioxide emissions into a solid form that has the potential to be used in other products.

      

      
        Hubble views the dawn of a sun-like star
        Looking like a glittering cosmic geode, a trio of dazzling stars blaze from the hollowed-out cavity of a reflection nebula in a new image from NASA's Hubble Space Telescope. The triple-star system is made up of the variable star HP Tau, HP Tau G2, and HP Tau G3. HP Tau is known as a T Tauri star, a type of young variable star that hasn't begun nuclear fusion yet but is beginning to evolve into a hydrogen-fueled star similar to our Sun.

      

      
        Robotic 'SuperLimbs' could help moonwalkers recover from falls
        SuperLimbs, a system of wearable robotic limbs, can physically support an astronaut and lift them back on their feet after a fall, helping them conserve energy for other essential tasks.

      

      
        What fire ants can teach us about making better, self-healing materials
        Fire ants form rafts to survive flooding, but how do those bonds work? And what can we learn from them? A professor is researching those questions to expand our knowledge of materials science.

      

      
        Making batteries takes a lot of lithium: Some could come from gas well wastewater
        A new analysis suggests that if it could be extracted with complete efficiency, lithium from the wastewater of Marcellus shale gas wells could supply up to 40% of the country's demand.

      

      
        Infertility treatment doubles the risk of postpartum heart disease
        Researchers tie infertility treatment to a particular risk for hypertensive diseases.

      

      
        Wavefunction matching for solving quantum many-body problems
        Strongly interacting systems play an important role in quantum physics and quantum chemistry. Stochastic methods such as Monte Carlo simulations are a proven method for investigating such systems. However, these methods reach their limits when so-called sign oscillations occur. This problem has now been solved using the new method of wavefunction matching.

      

      
        Scientists want to know how the smells of nature benefit our health
        Spending time in nature is good for us. And knowing more about nature's effects on our bodies could not only help our well-being, but could also improve how we care for land, preserve ecosystems and design cities, homes and parks. Many studies have focused on how seeing nature affects us. A team of scientists from around the world wants to understand what the nose knows. They are calling for more research into how odors and scents from natural settings impact our health and well-being.

      

      
        Killer whales breathe just once between dives, study confirms
        A new study has confirmed a long-held assumption: that orcas take just one breath between dives. The researchers used drone footage and biological data from tags suction-cupped to 11 northern and southern resident killer whales off the coast of B.C. to gather information on the animals' habits. Confirming orcas take only one breath between dives allowed the researchers to calculate how many litres of oxygen adults and juveniles consume per minute. This provides another piece of the puzzle in esti...

      

      
        Animal brain inspired AI game changer for autonomous robots
        A team of researchers has developed a drone that flies autonomously using neuromorphic image processing and control based on the workings of animal brains. Animal brains use less data and energy compared to current deep neural networks running on GPUs (graphic chips). Neuromorphic processors are therefore very suitable for small drones because they don't need heavy and large hardware and batteries. The results are extraordinary: during flight the drone's deep neural network processes data up to 6...

      

      
        The crystallization of memory: Study reveals how practice forms new memory pathways in the brain
        A new study has shown that repetitive practice not only is helpful in improving skills but also leads to profound changes in the brain's memory pathways.

      

      
        New insights into phage therapy design
        Results from a new study are providing new insights into the therapeutic potential of bacteriophage (phage) therapy for treating diseases like cystic fibrosis (CF).

      

      
        This time, it's personal: Enhancing patient response to cancer immunotherapy
        Scientists uncover why cancer patients with ARID1A gene mutations are more likely to respond to immunotherapy, discovering ARID1A mutations invite cancer-fighting immune cells into tumors by triggering an antiviral-like response. Their findings could help improve cancer care and drug development for many cancer types, including endometrial, ovarian, colon, gastric, liver, and pancreatic cancers.

      

      
        Heating proteins to body temperature reveals new drug targets
        Some proteins shift their shape when exposed to different temperatures, revealing previously unknown binding sites for medications. The findings could revolutionize wide swathes of biology by fundamentally changing how protein structure is studied and leveraged for drug design.

      

      
        Final dust settles slowly in the deep sea
        'Dust clouds' at the bottom of the deep sea, that will be created by deep-sea mining activities, descend at a short distance for the biggest part. Yet, a small portion of the stirred-up bottom material remains visible in the water at long distances.

      

      
        John Milton's notes discovered, including a rare example of prudish censorship
        John Milton's handwritten annotations have been identified in a copy of Raphael Holinshed's Chronicles (1587), a vital source of inspiration for the Paradise Lost poet. The discovery makes this one of only three known books to preserve Milton's handwritten reading notes, and one of only nine books to have survived from his library.

      

      
        Tiger beetles fight off bat attacks with ultrasonic mimicry
        When tiger beetles hear a bat nearby, they respond by creating a high-pitched, ultrasonic noise, and for the past 30 years, no one has known why. In a new study, scientists lay the mystery to rest by showing that tiger beetles use ultrasonic warning signals that mimic those of toxic moths.

      

      
        Using AI to improve building energy use and comfort
        Researchers have developed a new method that can lead to significant energy savings in buildings. The team identified 28 major heat loss regions in a multi-unit residential building with the most severe ones being at wall intersections and around windows. A potential energy savings of 25 per cent is expected if 70 per cent of the discovered regions are fixed.

      

      
        Studying bubbles can lead to more efficient biofuel motors
        By studying how bubbles form in a drop of biodiesel, researchers can help future engines get the most energy out of the fuel.

      

      
        Now we know, what gets roots to grow: Can help in future droughts
        A biological mechanism familiar to people who fast helps plant roots grow strong. The discovery provides an answer to a long-unanswered question and a deeper understanding of the 'mouths' of plants that can help to develop climate-resilient crops.

      

      
        Research sheds light on how proteins linked to Alzheimer's disease influence neuronal growth
        New research has shed light in the complex interplay between cell proteins, and how they impact on neurons in neurodevelopmental disorders and Alzheimer's disease.

      

      
        Detection of an Earth-sized exoplanet orbiting the ultracool dwarf star SPECULOOS-3
        Astronomers have just discovered a new Earth-sized exoplanet around SPECULOOS-3, an 'ultracool dwarf' star as small as Jupiter, twice as cold as our Sun, and located 55 light-years from Earth. After the famous TRAPPIST-1, SPECULOOS 3 is the second planetary system discovered around this type of star.

      

      
        An active agent against hepatitis E
        At present, there is no specific active substance against hepatitis E. As the disease kills 70,000 people every year, researchers are actively searching for one. A team may have found what they're looking for. The researchers showed that the compound K11777 prevents host cells from helping the virus out of its shell by cleaving the viral capsid. This means it can no longer infect cells.

      

      
        New group training tool for the prevention of dementia
        The system is already in use in retirement homes. Researchers have now tested how effective it is in a scientific study.

      

      
        Much more than a world first image of radioactive cesium atoms
        Thirteen years after the nuclear disaster at the Fukushima Daiichi Nuclear Power Plant (FDNPP), a breakthrough in analysis has permitted a world first: direct imaging of radioactive cesium (Cs) atoms in environmental samples.

      

      
        Green concrete recycling twice the coal ash is built to last
        New modelling reveals that low-carbon concrete can recycle double the amount of coal ash compared to current standards, halve the amount of cement required and perform exceptionally well over time.

      

      
        Parasitic worm likely playing role in decline of moose populations
        A parasitic worm that can infest the brains of moose appears to be playing a role in the decline of the iconic animal in some regions of North America. Moose populations have been dwindling for years across the country due to many contributing factors, but new research has found the impact of Eleaophora schneideri, also known as the arterial worm, has likely been underestimated.

      

      
        Two genes of the germline are essential for the development of brain tumors in Drosophila
        Researchers have discovered that blocking both genes brings about a significant reduction in tumor size. The study reveals important differences between tumors in male and female Drosophila and how this often overlooked biological variable could impact cancer treatment.

      

      
        Exploring the mechanism behind drug eruptions in the skin
        Although drug eruptions are often linked to the human leukocyte antigen (HLA), the mechanism of its involvement in presenting symptoms of the skin remains unclear. In a recent study, researchers used genetically engineered mice to demonstrate the role of HLA in mediating intracellular reactions in keratinocytes, leading to drug eruptions in the skin. Their findings could lead to improved preventive and treatment measures for drug eruptions.

      

      
        Longer sprint intervals can improve muscle oxygen utilization compared to shorter intervals
        Sprint interval training (SIT) is a form of exercise characterized by cycles of intense exercise which are interspersed by short durations of rest. In a recent study, researchers deep dive into the intricate connections among various parameters of SIT, such as duration and repetitions, and the resulting physiological responses. Their findings can aid in developing well-informed and tailored sprint training regimens that significantly benefit the modern-day population.

      

      
        Fighting fat and inflammation: Scientists develop powerful new compounds
        Obesity and inflammatory diseases are increasing in prevalence and contribute to the growing burden of lifestyle disorders such as diabetes and hypertension. There is a lack of naturally derived alternatives to tackle these issues. Researchers have synthesized novel amino acid derivatives of menthol and studied its properties. The menthyl esters showed exceptional anti-inflammatory and anti-obesity activities during preclinical studies and can be developed as therapeutic compounds with further re...

      

      
        New cardiac research will save women's lives by improving detection of heart failure
        An important new study has advanced how heart failure is detected in women -- meaning more female patients can be diagnosed and at an earlier stage.

      

      
        Robots' and prosthetic hands' sense of touch could be as fast as humans
        Research could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. The technology could also be used to help restore lost functionality to patients after a stroke.

      

      
        Highly pathogenic avian flu detected in New York City wild birds
        A small number of New York City wild birds carry highly pathogenic H5N1 avian influenza, according to a recent study.

      

      
        Repurposed beer yeast may offer a cost-effective way to remove lead from water
        Engineered yeast-containing hydrogel capsules could be used to remove lead from contaminated water rapidly and inexpensively. The work could be especially useful in low-income areas with high lead contamination.

      

      
        Alzheimer's disease without symptoms: How is that possible?
        Everyone experiences aging in their own way, and factors such as genetics, lifestyle and environment play a role in this process. Some individuals reach the age of 90 or even 100 in good health, without medications or brain disease. But how do these individuals maintain their health as they age?

      

      
        An astrocytic pH regulator that can repair the blood-brain barrier and reverse brain damage caused by ischemic stroke
        A recent study has found that an ion transporter protein that regulates the pH of specific brain cells can repair the blood-brain barrier and restore normal brain function after ischemic stroke. The study has revealed novel and specific therapeutic targets for ischemic stroke and related brain conditions for which no targeted treatments exist currently.

      

      
        Researchers use artificial intelligence to boost image quality of metalens camera
        Researchers have leveraged deep learning techniques to enhance the image quality of a metalens camera. The new approach uses artificial intelligence to turn low-quality images into high-quality ones, which could make these cameras viable for a multitude of imaging tasks including intricate microscopy applications and mobile devices.

      

      
        A simple quantum internet with significant possibilities
        It's one thing to dream up a quantum internet that could send hacker-proof information around the world via photons superimposed in different quantum states. It's quite another to physically show it's possible. That's exactly what physicists have done, using existing Boston-area telecommunication fiber, in a demonstration of the world's longest fiber distance between two quantum memory nodes to date.

      

      
        Iconic baobabs: The origin and long-distance travels of upside down trees
        The research cracks the code on the iconic baobab tree's origin story, revealing their surprising origins in Madagascar and incredible long-distance dispersals to Africa and Australia. The study unveils how baobabs developed unique pollination mechanisms -- some attracting hawkmoths, others lemurs, and even bats -- showcasing remarkable evolutionary adaptations. The research sheds light on how climate change has shaped the baobab's distribution and diversification over millions of years, offering...

      

      
        First 'warm-blooded' dinosaurs may have emerged 180 million years ago
        The ability to regulate body temperature, a trait all mammals and birds have today, may have evolved among some dinosaurs early in the Jurassic period about 180 million years ago. The new study looked at the spread of dinosaurs across different climates on Earth throughout the Mesozoic Era (the dinosaur era lasting from 230 to 66 million years ago), drawing on 1,000 fossils, climate models and the geography of the period, and dinosaurs' evolutionary trees.
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How did sabre-toothed tigers acquire their long upper canine teeth? | ScienceDaily
In a groundbreaking study, an international team led by scientists from the University of Liege has investigated the evolutionary patterns behind the development of sabre teeth, with some unexpected results along the way. A study that enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence.


						
Sabre teeth, those iconic elongated upper canine teeth, have long fascinated both scientists and the general public, notably because they have appeared several times in the fossil record, including two particularly well-known lineages of sabre-toothed tigers: the felids (the family of our domestic cats, lions, tigers, etc.) and the nimravids (a completely extinct family). However, the process by which these lineages acquired their elongated upper canines remains rather unclear.

Narimane Chatar, lead author of the study, who completed her doctorate at the EDDy Lab at the University of Liege and is now a post-doctoral fellow at UC Berkeley in the United States, has led an ambitious study to uncover the secrets of sabre tooth evolution. Using state-of-the-art 3D scanners and analytical methods, the team meticulously collected and analysed data from a diverse set of current and extinct species. "We quantified the shape of 99 mandibles and 91 skulls, from different eras and continents, giving us a better understanding of the evolution of these animals," explains Dr Chatar. "Unlocking the secrets of sabre tooth evolution not only enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence," says Professor Valentin Fischer, Director of the EDDyLab at ULiege.

The study revealed some surprising results. The first is that rather than contrasting two distinct cranial morphologies in species with elongated upper canines and those with short teeth, there is instead a continuum of form linking the smallest present-day cats and their extinct sabre-toothed counterparts. "From a morphological point of view, the skull of a present-day small cat is just as strange and modified as that of a large sabre-toothed felid," says Dr Margot Michaud, a researcher at the University of French Guyana in Cayenne. These are therefore the two extremes of a continuum of forms that feline predators have seen evolve over geological time. "Our study suggests that what we often think of as examples of evolutionary patterns in textbooks are actually simplified for educational purposes. However, when we immerse ourselves in statistical analyses, we discover much more complex scenarios in these cases, as suggested by the results of our convergence tests," explains Davide Tamagnini, post-doctoral researcher at the University of Rome La Sapienza.

The second surprise concerns the path taken by evolution to produce sabre-toothed species. In fact, the team's work has revealed that sabre-toothed species show faster rates of morphological evolution at the start of their evolutionary history than species with shorter canines. "Among other fascinating discoveries, we have shown that craniomandibular integration in sabre-toothed species is reduced, facilitating greater adaptability and diversification in the jaw and cranial morphology," points out Margot Michaud. Thus, rapid morphological diversification and a fairly plastic skull have been identified as two key components that facilitated the emergence of elongated upper canines in both felids and nimravids. "As a result, there appears to be a common recipe for evolving into sabre-toothed feline-like predators," says Dr Chatar.

Finally, the team's research highlighted the decline of sabre-toothed forms as well as the broader trends of feline-like predators over the course of their evolutionary history. Despite the relatively recent extinction of sabre-toothed forms 'only' a few thousand years ago, feline predators have in fact been in decline since the Miocene epoch (between -23 and -5 million years ago). "Some of these feline predators, particularly the sabre-toothed species, rapidly occupied fairly specialised niches, which made them more susceptible to extinction," explains Dr Tamagnini. This phenomenon, known as 'ratchet' or macroevolutionary ratchet, has been proposed as a potential driver for the decline of certain groups, where evolution favours the loss of early generalised forms, leading to the emergence of more specialised, but also more vulnerable, forms later in the history of the lineage.

"Predators have their own evolutionary pathways and risks of extinction. Studying how ancient predators prospered and declined provides us with information about the possible futures of our ecosystems," concludes Professor Fischer.
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Wind farms can offset their emissions within two years | ScienceDaily
After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.


						
That's according to a new peer-reviewed study published in the Journal of the Royal Society of New Zealand -- which also shows within six months a turbine can generate all the energy consumed across its life-cycle.

The research uses data from the Harapaki onshore wind farm in Hawke's Bay, New Zealand -- however the authors of the paper explain that their findings would be replicated across most, if not all, wind farms internationally.

"The wind turbine technology employed in New Zealand is consistent with that used internationally," explains lead author Isabella Pimentel Pincelli from the Sustainable Energy Systems research group, Wellington Faculty of Engineering, at Te Herenga Waka Victoria University of Wellington.

"Although the carbon offset depends on the exact older technology the wind turbines are replacing, we would expect a similar offset internationally. In New Zealand it is gas turbines, but many countries will be displacing fossil fuel generators.

"The outcomes of our study underscore the environmental efficiency of onshore wind farms and their important role in the energy transition. Notably, the manufacturing of wind turbines is the primary contributor to the carbon and energy footprints, highlighting a critical area for targeted environmental mitigation strategies."

The study reviewed current literature on wind farms, as well as using real construction data to take into account everything from the manufacturing of individual turbine parts, to transporting them into place, to decommissioning the entire wind farm at Harapaki -- which comprises 41 turbines.




The results indicate that this particular farm will leave a carbon footprint of 10.8 gCO2eq/kWh, which equates to a greenhouse gas payback time of 1.5-1.7 years for avoided combined cycle gas turbines, and an energy payback time of 0.4-0.5 years.

Co-author Professor Alan Brent, Chair in Sustainable Energy Systems at Wellington, explains while the results underscore how onshore wind plants are aligned with the principles of sustainable development, more can still be explored with making the manufacturing process more eco-friendly.

"The environmental impacts of the installation and transportation phases are important. Together they accounted for nearly 10% of the overall emissions," states Brent, a Professor of Sustainable Energy Systems.

"It therefore remains crucial to continue implementing improvements aimed at limiting negative environmental impacts while maximizing positive contributions throughout the supply chain of onshore wind plants.

"Notably, the manufacturing of wind turbines is the primary contributor to the carbon and energy footprints, highlighting a critical area for targeted environmental mitigation strategies."

To address the carbon outlay of the process of developing such wind farms, the expert team recommend developing a recycling process for end-of-life blades.

Currently blades are disposed of in landfill due to commercial feasibility, but by recycling the blades -- either mechanically or chemically -- could drop the emissions from the current 10.8 gCO2eq to a potential 9.7.

Additionally, the team recommend that research is carried out regularly in this area as with the "rapid advancements of technologies" it will be "necessary to ensure research remains reflective of current practices to accurately inform decision-making processes."

This study has some methodological limitations. First, it focuses only on the energy intensity and emissions throughout the life cycle of the wind farm, even though there are other environmental impacts, such as ozone depletion, human toxicity, acidification, eutrophication, and resource depletion. Social, wildlife, or economic impacts were also not considered.
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Very early blood pressure control confers both benefits and harms in acute stroke | ScienceDaily
Early identification of stroke type could be key to harnessing the benefits of very early in-ambulance blood pressure lowering treatment in patients with suspected acute stroke, according to new research.


						
The findings were presented at the 10th European Stroke Organisation Conference in Basel, Switzerland and simultaneously published in the New England Journal of Medicine.1

Professor Craig Anderson, Director of Global Brain Health at The George Institute for Global Health and lead investigator on the study, said that although more research was needed, the results provided a potential pathway to improving outcomes in patients with the most deadly type of stroke.

"Our study shows clear benefits from administering early blood pressure lowering treatment to patients with intracerebral haemorrhage in the ambulance, although overall there was no difference in outcome from this early intervention for all patients with suspected stroke.

"In fact, in patients with a final diagnosis of ischaemic stroke, it actually worsened their outcome, so the ability to make a reliable diagnosis at this early stage is key to harnessing the benefits of very early blood pressure treatment."

The Intensive ambulance-delivered blood pressure reduction in hyper-acute stroke trial (INTERACT4) was a multicentre, randomised, open-label, blinded-outcome study conducted across dozens of ambulance services in China.

2404 ambulance-assessed patients with suspected acute stroke causing a motor deficit within two hours of onset and elevated systolic blood pressure ([?]150mmHg) were randomly assigned to immediate blood pressure-lowering (target 130-140mmHg) or usual blood pressure (BP) management in hospital.




The pre-hospital ambulance-initiated BP reduction group with haemorrhagic stroke had a 30% lower likelihood of a poor functional outcome whereas the group with cerebral ischaemia had an equivalent 30% higher likelihood of a poor functional outcome, when compared to patients with these stroke types who received usual care BP management upon arrival at the hospital.

Overall, the effects of pre-hospital BP reduction had a balanced benefit and harm effect so that there was no overall difference in the functional outcome between those who received the usual care in all the stroke patients. Between-group rates of serious adverse events were similar.

Around 80 percent of strokes worldwide are ischaemic, caused by the loss of blood flow to an area of the brain due to a blockage in a blood vessel, leading to a loss of neurological function.1

Intracerebral haemorrhage (ICH) represents over a quarter of all cases of stroke and occurs when blood leaks out of a blood vessel into the brain tissue. ICH is the most deadly type of stroke, with up to one third of patients dying in 30 days, and it is more common in China where the study was conducted.2

"All treatments for acute stroke are highly time dependent -- brain cells die rapidly when deprived of oxygen. But knowing the best treatment approach to take before being able to identify the type of stroke a patient has experienced, is difficult without brain imaging," Professor Anderson said.

"The results do not support in-ambulance administration of blood pressure lowering treatment in patients with suspected acute stroke -- that is clear.




"But in the last few years, we've seen the introduction of mobile stroke ambulances equipped with a CT scanner and other diagnostic tools that aim to identify cases of ischaemic stroke for early administration of clot-busting treatment.

"But our results do support the case for in-ambulance treatment to be administered to patients with haemorrhagic stroke as well.

"In the meantime, while acute stroke treatment happens in the hospital, quicker diagnosis and swift action as soon as the patient arrives at the emergency department is critical to preserving brain function."

References
    	GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. The Lancet Neurology 2021;20:795-820
    	Wu S, et al. Stroke in China: advances and challenges in epidemiology, prevention and management. The Lancet Neurology 2019;18:394-405





					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240516122553.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Why do we overindulge? | ScienceDaily
If you tend to do other things or get distracted while eating dinner, you may be running the risk of over-consuming everyday pleasures later, possibly because the distraction caused you to enjoy yourself less, according to research published by the American Psychological Association.


						
The study looked at how distraction affects "hedonic consumption," or buying and using products and experiences because they make us feel good and not necessarily because we need them.

"On any given day, a person may take great pleasure from one or more of these activities, yet people often consume more hedonic goods than they want or than is good for them," said lead author Stephen Lee Murphy, PhD, of Ghent University.

One reason for this overconsumption may be distraction, according to Murphy. When people are distracted while engaged in a hedonic activity, research suggests they are likely to experience less enjoyment from it than if they were fully focused. That may lead to feelings of dissatisfaction and drive more consumption to compensate for that shortfall.

The research was published in the Journal of Personality and Social Psychology.

To better understand the role of distraction in overconsumption, the researchers first conducted an experiment involving 122 participants (mostly female and mostly between the ages of 18 and 24) who reported on how much they expected to enjoy their lunch before eating it. They were then asked to eat their lunch under one of three conditions: no distraction, moderate distraction (watching a video), and high distraction (playing Tetris). After lunch, participants reported on their actual enjoyment, satisfaction, desire for further gratification and amount consumed. They also reported on their snacking later in the day.

Participants who ate while distracted reported lower enjoyment and satisfaction, which was associated with increased snacking afterward and a more general desire for further gratification.




The researchers believe that this proposed effect, which they called "hedonic compensation," likely applies to other activities beyond eating. For example, people who are distracted while watching a movie or playing a game may be more likely to engage in additional consumption (e.g., checking social media) to compensate for a diminished enjoyment of the original activity.

The researchers also followed 220 participants aged 18 to 71 (again mostly female) for a week to investigate this broader effect, beyond food. Participants filled out seven brief surveys per day via their smartphones regarding their hedonic consumption, distraction and satisfaction. As with the food-based experiment, researchers found that when people were distracted during consumption, they were likely to enjoy a product less than they hoped, felt less satisfied, and experienced an elevated need for further gratification.

"Overconsumption often results due to a lack of self-control," said Murphy. "However, our findings suggest overconsumption may also often be driven by the simple human desire to reach a certain level of enjoyment from an activity. When distraction gets in the way, it's likely we may try to compensate by consuming more."

Murphy and his colleagues plan to conduct further research to replicate and confirm the existence of a hedonic compensation effect. If additional research confirms the effect, they have plans to apply interventions that could help people pay more attention to their consumption experiences in an effort to lower the likelihood of overconsumption.

"By understanding the key drivers of hedonic overconsumption, we can develop strategies to help prevent its occurrence," said Murphy.
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When saying 'please' is more strategic than magic | ScienceDaily
By kindergarten age, most children have been taught that "please" is a magic word. "Please" is an expression of politeness that shows courtesy and respect, turning a potential demand into a request that will -- poof! -- magically be granted.


						
But a new study on the ways people make requests of one another suggests that "please" might not be an all-purpose marker of politeness, but rather a more focused, strategic tool to manage frictions or obstacles among family members, friends and even coworkers.

The study, published in Social Psychology Quarterly and authored by a team of sociologists from UCLA, shows that people say "please" much less often than expected, and mostly when they expect a "no" response is forthcoming.

Whether passing the butter or driving someone to the airport, non-strangers say "please" to each other to sweeten a request when they know the other is likely unwilling, either because they have resisted already or because they are busy doing something else.

The findings suggest there should be less effort put into teaching prescriptive, "one-word-fits-all" principles, and more focus on how to be sensitive to the particulars of a situation.

"Any generic rule -- like saying "please" and "thank you" -- doesn't take into account the specific situation, and may not always indicate respect or politeness," said Andrew Chalfoun, a graduate student studying sociology and lead author of the study. "It may also not be very effective."

Saying "please" could even be harmful in a given situation.




"In the wrong context, saying 'please' may run the risk of sounding pushy or dubious about another's willingness to help," Chalfoun said.

For the study, Chalfoun and UCLA sociologists Giovanni Rossi and Tanya Stivers took into account the words, facial expressions and behaviors observed in 17 hours of mostly informal, naturally occurring conversations that were recorded on video among family members, friends and coworkers, with a few exchanges involving strangers. The video cameras had been set up with participants' consent in homes, workplaces and outdoor areas for a previous study. The conversations took place during everyday activities across a range of settings such as meals, board games like "Catan," haircuts at a salon, food preparation and in the back room of a retail store. The conversations were in person among British and American English speakers from diverse racial, ethnic and socioeconomic backgrounds, and among various age groups. The study did not include business requests, like a customer ordering from a restaurant. They also did not include written or phone requests.

Out of more than a thousand distinct "request attempts" observed in the video-recorded interactions, "please" was used only 69 times, or 7% of the time, mostly when there was a foreseen obstacle to overcome, and not due to perceived subordination, need for deference, difference in gender or the relative size of a request.

In about half of the instances when someone asked for something with "please," it was because the person they were addressing had already indicated they were unwilling to act as requested or had previously refused. For example, a woman used "please" when asking her spouse to sit down at the dinner table after repeated requests went ignored.

In another third of cases, the person was engaged in an activity incompatible with what was being asked, i.e. in the middle of something else. For example, a man used "please" when asking his spouse to make soup stock, knowing she was busy washing baby bottles.

The researchers also found that children say "please" about as often as adults, and in similar situations. In the video observed by the researchers, a teenager used "please" to ask her mother to buy her a dress when she expected her to say no, because she had rejected a similar request previously. Evidence of the previous rejection came in her mother's reply after the "please," which was, "We've been through this before."

"Every community has explicit norms that define what counts as polite or respectful conduct, for example as taught to children or someone new to the community," Chalfoun said. "We're interested in understanding whether those norms are in fact followed in everyday life or there are other, more tacit norms that better explain people's conduct."

By observing how politeness actually works in everyday life, the team hopes to provide researchers with better models for how to understand the dynamics that underly social behavior.
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Jet-propelled sea creatures could improve ocean robotics | ScienceDaily
Scientists at the University of Oregon have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.


						
The research involves salps, small creatures that look similar to jellyfish that take a nightly journey from the depths of the ocean to the surface. Observing that migration with special cameras helped UO researchers and their colleagues capture the macroplankton's graceful, coordinated swimming behavior.

"The largest migration on the planet happens every single night: the vertical migration of planktonic organisms from the deep sea to the surface," said Kelly Sutherland, an associate professor in biology at the UO's Oregon Institute of Marine Biology, who led the research. "They're running a marathon every day using novel fluid mechanics. These organisms can be platforms for inspiration on how to build robots that efficiently traverse the deep sea."

The researchers' findings were published May 15 in the journal Science Advances. The study included collaborations from Louisiana Universities Marine Consortium, University of South Florida, Roger Williams University, Marine Biological Laboratory and Providence College.

Despite looking similar to jellyfish, salps are barrel-shaped, watery macroplankton that are more closely related to vertebrates like fish and humans, said Alejandro Damian-Serrano, an adjunct professor in biology at the UO. They live far from shore and can live either as solitary individuals or operate in colonies, he said. Colonies consist of hundreds of individuals linked in chains that can be up to several meters long.

"Salps are really weird animals," Damian-Serrano said. "While their common ancestor with us probably looked like a little boneless fish, their lineage lost a lot of those features and magnified others. The solitary individuals behave like this mothership that asexually breeds a chain of individual clones, cojoined together to produce a colony."

But the most unique thing about these ocean creatures was found during the researchers' ocean expeditions: their swimming techniques.




Exploring off the coast of Kailua-Kona, Hawaii, Sutherland and her team developed specialized 3D camera systems to bring their lab underwater. They conducted daytime scuba dives, "immersed in infinite blue," as Damian-Serrano described, for high visibility investigations.

They also performed nighttime dives, when the black backdrop allowed for high-contrast imaging of the transparent critters. They encountered an immense flurry of different salps that were doing their nightly migration to the surface -- and many photobombing sharks, squids and crustaceans, Sutherland noted.

Through imaging and recordings, the researchers noticed two modes of swimming. Where shorter colonies spun around an axis, like a spiraling football, longer chains would buckle and coil like a corkscrew. That's called helical swimming.

Helical swimming is nothing new in biology, Sutherland said. Many microorganisms also spin and corkscrew through water, but the mechanisms behind the salps' motion are different. Microbes beat water with hair-like projections or tail whips, but salps swim via jet propulsion, Sutherland said. They have contracting muscle bands, like those in the human throat, that pump water sucked from one side of the body and squirted out the other end to create thrust, Damian-Serrano said.

The researchers also noticed that individual jets contracted at different times, causing the whole colony to steadily travel without pause. The jets were also angled, contributing to the spinning and coil swimming, Sutherland said.

"My initial reaction was really one of wonder and awe," she said. "I would describe their motion as snake-like and graceful. They have multiple units pulsing at different times, creating a whole chain that moves very smoothly. It's a really beautiful way of moving."

Microrobots inspired by microbial swimmers already exist, Sutherland said, but this discovery paves the way for engineers to construct larger underwater vehicles. It may be possible to create robots that are silent and less turbulent when modeled after these efficient swimmers, Damian-Serrano said. A multijet design also may be energetically advantageous for saving fuel, he said.

Beyond microbes, larger organisms like plankton have yet to be described in this way, Sutherland said. With Sutherland's new and innovative methods of studying sea creatures, scientists might come to realize that helical swimming is more pervasive than previously thought.

"It's a study that opens up more questions than provides answers," Sutherland said. "There's this new way of swimming that hadn't been described before, and when we started the study we sought to explain how it works. But we found that there are a lot more open questions, like what are the advantages of swimming this way? How many different organisms spin or corkscrew?"
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What is the carbon footprint of a house in Japan? | ScienceDaily
Researchers at Kyushu University have published a comprehensive analysis on the carbon footprint of constructing a wooden house in Japan. The study covered the total amount of emissions produced, taking into consideration the entire supply chain including the processing and transport of the raw materials that go into building a house.


						
The team hopes that by identifying emission hot spots in the supply chain that go into building a house, policy makers can implement strategies to reduce its climate impact. Their analysis was published in the Journal of Environmental Management.

As humanity maneuvers itself through the climate crisis, researchers and industry professionals alike have been working to identify sectors with high CO2 emissions so they can implement policies that potentially reduce greenhouse gas production. But in today's highly interconnected economy, figuring out a sector or object's greenhouse gas output is astoundingly complex.

"For example, it's easy to calculate how much CO2 a single automobile will potentially produce. It's another thing entirely to try and find the totality of emissions a car produces from assembly line to scrap yard. You need to consider the emission that come from the supply chain and manufacturing the raw materials," explains Professor Shigemi Kagawa from Kyushu University's Faculty of Economics, whose team has been studying supply chain emissions.

To this end, Kagawa and his team began looking into the combined carbon emissions that come from building a standard wooden house in Japan -- which account for approximately 90% of the country's total housing stock -- and which industrial sectors contribute to it the most.

"If you combine the emissions generated by construction activity and the supply chain manufacturing of its essential products it can account for approximately 23% of all global emissions," explains doctoral candidate Seiya Imada and first author of the study. "94% of that comes from the supply chain alone. Therefore, emission reduction efforts targeting the supply chain is the best way to mitigate any emissions from the construction sector."

According to the team's findings, the estimated carbon footprint of building a single wooden house in Japan is 38 tons of CO2. Making up the largest share of that -- accounting for 32% of total emissions -- was the electric power sector. Other sectors included pig iron production at 12%, with cement, road freight transport, and private power generation each covering 7% of total emissions.

"We also looked into some of the hotspots in the supply chain network. Our analysis found that the steel manufacturing process accounted for the largest share of the carbon footprint, at approximately 15% of total emissions," continues Imada. "The second highest contributing group was the division involved in material transport and the building materials for a house's exterior, like bricks. That group accounted for approximately 7.4% of the total carbon footprint."

The team hopes these new findings can help both industry groups and consumers re-evaluate the carbon footprint of this sector of the construction industry. Some countries have begun to emphasize the importance of constructing 'low-carbon' buildings. And while Japan does encourage methods to reduce a home's total energy use, it still does not have a policy that specifically targets the reduction of CO2 during its building phase.

"Policy makers should promote efforts of renovating and remodeling already existing houses. There should also be a focus on reusing the foundation, which are made with materials from high emission sectors," Concludes Imada. "The supply chain is very complicated, but if we want to avoid the worst results of the climate crisis, we must be able to understand it and implement policies that reduce emissions effectively."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240515225053.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



From roots to resilience: investigating the vital role of microbes in coastal plant health | ScienceDaily
Georgia's saltwater marshes -- living where the land meets the ocean -- stretch along the state's entire 100-mile coastline. These rich ecosystems are largely dominated by just one plant: grass.


						
Known as cordgrass, the plant is an ecosystem engineer, providing habitats for wildlife, naturally cleaning water as it moves from inland to the sea, and holding the shoreline together so it doesn't collapse. Cordgrass even protects human communities from tidal surges.

Understanding how these plants stay healthy is of crucial ecological importance. For example, one known plant stressor prevalent in marsh soils is the dissolved sulfur compound, sulfide, which is produced and consumed by bacteria. But while the Georgia coastline boasts a rich tradition of ecological research, understanding the nuanced ways bacteria interact with plants in these ecosystems has been elusive. Thanks to recent advances in genomic technology, Georgia Tech biologists have begun to reveal never-before-seen ecological processes.

The team's work was published in Nature Communications.

Joel Kostka, the Tom and Marie Patton Distinguished Professor and associate chair for Research in the School of Biological Sciences, and Jose Luis Rolando, a postdoctoral fellow, set out to investigate the relationship between the cordgrass Spartina alterniflora and the microbial communities that inhabit their roots, identifying the bacteria and their roles.

"Just like humans have gut microbes that keep us healthy, plants depend on microbes in their tissues for health, immunity, metabolism, and nutrient uptake," Kostka said. "While we've known about the reactions that drive nutrient and carbon cycling in the marsh for a long time, there's not as much data on the role of microbes in ecosystem functioning."

Out in the Marsh

A major way that plants get their nutrients is through nitrogen fixation, a process in which bacteria convert nitrogen into a form that plants can use. In marshes, this role has mostly been attributed to heterotrophs, or bacteria that grow and get their energy from organic carbon. Bacteria that consume the plant toxin sulfide are chemoautotrophs, using energy from sulfide oxidation to fuel the uptake of carbon dioxide to make their own organic carbon for growth.




"Through previous work, we knew that Spartina alterniflora has sulfur bacteria in its roots and that there are two types: sulfur-oxidizing bacteria, which use sulfide as an energy source, and sulfate reducers, which respire sulfate and produce sulfide, a known toxin for plants," Rolando said. "We wanted to know more about the role these different sulfur bacteria play in the nitrogen cycle."

Kostka and Rolando headed to Sapelo Island, Georgia, where they have regularly conducted fieldwork in the salt marshes. Wading into the marsh, shovels and buckets in hand, the researchers and their students collected cordgrass along with the muddy sediment samples that cling to their roots. Back at the field lab, the team gathered around a basin filled with creek water and carefully washed the grass, gently separating the plant roots.

Next, they used a special technique involving heavier versions of chemical elements that occur in nature as tracers to track the microbial processes. They also analyzed the DNA and RNA of the microbes living in different compartments of the plants.

Using a sequencing technology known as shotgun metagenomics, they were able to retrieve the DNA from the whole microbial community and reconstruct genomes from newly discovered organisms. Similarly, untargeted RNA sequencing of the microbial community allowed them to assess which microbial species and specific functions were active in close association with plant roots.

Using this combination of techniques, they found that chemoautotrophic sulfur-oxidizing bacteria were also involved in nitrogen fixation. Not only did these bacteria help plants by detoxifying the root zone, but they also played a crucial role in providing nitrogen to the plants. This dual role of the bacteria in sulfur cycling and nitrogen fixation highlights their importance in coastal ecosystems and their contribution to plant health and growth.

"Plants growing in areas with high levels of sulfide accumulation tend to be smaller and less healthy," said Rolando. "However, we found that the microbial communities within Spartina roots help to detoxify the sulfide, enhancing plant health and resilience."

Local to Global Significance




Cordgrasses aren't just the main player in Georgia marshes; they also dominate marsh landscapes across the entire Southeast, including the Carolinas and the Gulf Coast. Moreover, the researchers found that the same bacteria are associated with cordgrass, mangrove, and seagrass roots in coastal ecosystems across the planet.

"Much of the shoreline in tropical and temperate climates is covered by coastal wetlands," Rolando said. "These areas likely harbor similar microbial symbioses, which means that these interactions impact ecosystem functioning on a global scale."

Looking ahead, the researchers plan to further explore the details of how marsh plants and microbes exchange nitrogen and carbon, using state-of-the-art microscopy techniques coupled with ultra-high-resolution mass spectrometry to confirm their findings at the single-cell level.

"Science follows technology, and we were excited to use the latest genomic methods to see which types of bacteria were there and active," Kostka said. "There's still much to learn about the intricate relationships between plants and microbes in coastal ecosystems, and we are beginning to uncover the extent of the microbial complexity that keeps marshes healthy."
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Blood pressure drugs more than double bone-fracture risk in nursing home patients | ScienceDaily
Records from nearly 30,000 nursing home residents indicate that blood pressure medications more than double the risk of life-threatening bone fractures, according to Rutgers Health research.


						
The authors of the study, which appears in JAMA Internal Medicine, said the increased risk stems from the medications' tendency to impair balance, particularly when patients first stand up and temporarily experience low blood pressure that deprives the brain of oxygen. Interactions with other drugs and low baseline balance in many nursing home patients compound the problem.

"Bone fractures often start nursing home patients on a downward spiral," said Chintan Dave, academic director of the Rutgers Center for Health Outcomes, Policy and Economics and lead author of the study. "Roughly 40 percent of those who fracture a hip die within the next year, so it's truly alarming to find that a class of medications used by 70 percent of all nursing home residents more than doubles the bone-fracture risk."

While many patients have high enough blood pressure that the benefits of treatment outweigh these dangers, "Such patients require careful observation, particularly when treatment begins, and that's not happening," Dave said. "Caregivers think of blood pressure medication as very low risk, and that's not true in this patient population."

Dave's team analyzed Veterans Health Administration data from 29,648 elderly patients in long-term care facilities from 2006 to 2019. Researchers compared the 30-day risk of fractures to the hip, pelvis, humerus (upper arm) radius or ulna (forearm) for patients who began using blood pressure medications with similar patients who didn't. To maximize the chance that medication use -- and not some other factor -- drove the different outcomes, they adjusted for more than 50 baseline covariates, such as patient demographics and clinical history.

The 30-day fracture risk for residents who began blood pressure medication was 5.4 per 100 people per year and 2.2 per 100 people per year for patients who took no blood pressure medication.

Further analysis showed drug usage predicted particularly elevated fracture risk in certain subgroups. Patients with dementia, systolic blood pressure above 139 (the first number in the blood pressure reading), diastolic blood pressure above 79 (the second number) or no recent use of blood pressure medication all experienced at least triple the fracture risk of unmedicated patients.

About 2.5 million Americans live in nursing homes or assisted living facilities. Up to 50 percent suffer falls in any given year, and up to 25 percent of those falls result in serious injury.

The Rutgers Health study indicates that blood pressure medication causes many of those falls and that a combination of less medication and better support could significantly reduce the problem.

"Caregivers can't strike this right balance of risk and reward if they don't have accurate data about the risks," Dave said. "I hope this study gives them information that helps them serve their patients better."
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Carbon-capture batteries developed to store renewable energy, help climate | ScienceDaily
Researchers at the Department of Energy's Oak Ridge National Laboratory are developing battery technologies to fight climate change in two ways, by expanding the use of renewable energy and capturing airborne carbon dioxide.


						
This type of battery stores the renewable energy generated by solar panels or wind turbines. Utilizing this energy when wind and sunlight are unavailable requires an electrochemical reaction that, in ORNL's new battery formulation, captures carbon dioxide from industrial emissions and converts it to value-added products.

ORNL researchers recently created and tested two different formulations for batteries that convert carbon dioxide gas, or CO2, into a solid form that has the potential to be used in other products.

One of these new battery types maintained its capacity for 600 hours of use and could store up to 10 hours of electricity. Researchers also identified, studied and overcame the primary challenge, a deactivation caused by chemical buildup, that had been an obstacle for the other battery formulation.

"The Transformation Energy Science and Technology, or TEST, initiative at ORNL is precisely the kind of effort needed to address climate change. We are excited that ORNL is investing in innovative ideas and approaches that can transform the way we think about storing energy beyond lithium-ion batteries and other conventional electrochemical energy storage systems," said Ilias Belharouak, an ORNL Corporate Fellow and initiative director. "What a fantastic scenario: Using free electrons to store CO2 and converting it to revenue-generating products is a concept I never would have imagined 10 years back, but this is just a start."

Batteries operate through electrochemical reactions that move ions between two electrodes through an electrolyte. Unlike cell phone or car batteries, those designed for grid energy storage do not have to function as a portable, closed system. This allowed ORNL researchers to create and test two types of batteries that could convert CO2 from stationary, industrial sources.

For example, CO2 generated by a power plant could be pumped through a tube into the liquid electrolyte, creating bubbles similar to those in a carbonated soft drink. During battery operation, the gas bubbles turn into a solid powder.




How it works

Each component of a battery can be made of different elements or compounds. These choices determine the battery's operational lifetime, how much energy it can store, how big or heavy it is, and how fast it charges or consumes energy. Of the new ORNL battery formulations, one combines CO2 with sodium from saltwater using an inexpensive iron-nickel catalyst. The second combines the gas with aluminum.

Each approach uses abundant materials and a liquid electrolyte in the form of saltwater, sometimes mixed with other chemicals. The batteries are safer than existing technology because their electrodes are stable in water, said lead researcher Ruhul Amin.

Very little CO2 battery research has been conducted. The previously-tried approach relies on a reversible metal-CO2 reaction that regenerates carbon dioxide, continuing to contribute greenhouse gases to the atmosphere. In addition, solid discharge products tend to clog the surface of the electrode, degrading the battery performance.

However, the CO2 batteries developed at ORNL do not release carbon dioxide. Instead, the carbonate byproduct dissolves in the liquid electrolyte. The byproduct either continuously enriches the liquid to enhance battery performance, or it can be filtered from the bottom of the container without interrupting battery operation. Battery design can even be tuned to create more of these byproducts for use by the pharmaceutical or cement industries. The only gases released are oxygen and hydrogen, which do not contribute to climate change and can even be captured to produce energy or fuel.

ORNL researchers used an almost completely new combination of materials for these CO2 batteries. The few similar previous designs worked for only short periods or incorporated expensive metals.




Pros, cons and challenges overcome

The sodium-carbon dioxide, or Na-CO2, battery was developed first and faced some obstacles. For this system to function, the electrodes must be separated in wet and dry chambers with a solid ion conductor between them. The barrier slows the movement of ions, which in turn slows down battery operation, reducing battery efficiency.

One significant challenge for this Na-CO2 battery is that after prolonged use, a film forms on the electrode surface, which eventually causes the battery to deactivate. Amin's research team used highly specialized microscopes and X-ray techniques to examine the battery cell when it failed and at various stages of operation.

Studying how the film formed helped researchers understand how to break it down again. They were intrigued to realize the battery could be reactivated, or prevented from deactivating at all, simply through operational changes in the charge/discharge cycle. Uneven pulses of charging and discharging prevented film buildup on the electrode.

"We are reporting for the first time that the deactivated cell can be reactivated," Amin said. "And we found the origin of the deactivation and activation. If you symmetrically charge-discharge the battery too long, it's dead at one stage. If you use the protocol we established for our cell, the chance of failure is very slim."

A second design for long-term storage

Next, researchers focused on the design of the aluminum-carbon dioxide, or Al-CO2, battery. The team experimented with various electrolyte solutions and three different synthesis processes to identify the best combination. The result was a battery which provides enough storage for more than 10 hours of electricity to be used later.

"That's huge for long-duration storage," Amin said. "This is the first Al-CO2 battery that could run with stability for a long time, which is the goal. Holding just a few hours of stored energy doesn't help."

Testing found that the ORNL battery could operate more than 600 hours without losing capacity, Amin said -- far more than the only previously reported Al-CO2 battery, which was only tested for eight hours of cycling.

The cherry on top is that this battery captures almost twice as much carbon dioxide as the Na-CO2 battery. It can be designed for the system to operate in a single chamber, with both electrodes in the same liquid solution, so there is no barrier to ion movement.

The challenge for the Al-CO2 battery is to bring it closer to scale-up, Amin said. Even so, the team will continue systematically studying its properties to extend the operating lifetime and capture CO2 more efficiently. For the Na-CO2 battery to be competitive, the team will focus on developing a very fine, dense, mechanically stable ceramic membrane to separate the battery chambers.

Other ORNL scientists who contributed to the project include Marm Dixit, Mengya Li, Sabine Neumayer, Yaocai Bai, Ilias Belharouak, Anuj Bisht, Yang Guang and former ORNL researcher Rachid Essehli. The research was funded through the ORNL Laboratory Directed Research and Development, or LDRD, program. The sodium-CO2 battery research utilized the Center for Nanophase Materials Sciences, a DOE user facility at ORNL.
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Hubble views the dawn of a sun-like star | ScienceDaily
Looking like a glittering cosmic geode, a trio of dazzling stars blaze from the hollowed-out cavity of a reflection nebula in this new image from NASA's Hubble Space Telescope. The triple-star system is made up of the variable star HP Tau, HP Tau G2, and HP Tau G3. HP Tau is known as a T Tauri star, a type of young variable star that hasn't begun nuclear fusion yet but is beginning to evolve into a hydrogen-fueled star similar to our Sun. T Tauri stars tend to be younger than 10 million years old -- in comparison, our Sun is around 4.6 billion years old -- and are often found still swaddled in the clouds of dust and gas from which they formed.


						
As with all variable stars, HP Tau's brightness changes over time. T Tauri stars are known to have both periodic and random fluctuations in brightness. The random variations may be due to the chaotic nature of a developing young star, such as instabilities in the accretion disk of dust and gas around the star, material from that disk falling onto the star and being consumed, and flares on the star's surface. The periodic changes may be due to giant sunspots rotating in and out of view.

Curving around the stars, a cloud of gas and dust shines with their reflected light. Reflection nebulae do not emit visible light of their own, but shine as the light from nearby stars bounces off the gas and dust, like fog illuminated by the glow of a car's headlights.

HP Tau is located approximately 550 light-years away in the constellation Taurus. Hubble studied HP Tau as part of an investigation into protoplanetary disks, the disks of material around stars that coalesce into planets over millions of years.
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Robotic 'SuperLimbs' could help moonwalkers recover from falls | ScienceDaily
Need a moment of levity? Try watching videos of astronauts falling on the moon. NASA's outtakes of Apollo astronauts tripping and stumbling as they bounce in slow motion are delightfully relatable.


						
For MIT engineers, the lunar bloopers also highlight an opportunity to innovate.

"Astronauts are physically very capable, but they can struggle on the moon, where gravity is one-sixth that of Earth's but their inertia is still the same. Furthermore, wearing a spacesuit is a significant burden and can constrict their movements," says Harry Asada, professor of mechanical engineering at MIT. "We want to provide a safe way for astronauts to get back on their feet if they fall."

Asada and his colleagues are designing a pair of wearable robotic limbs that can physically support an astronaut and lift them back on their feet after a fall. The system, which the researchers have dubbed Supernumerary Robotic Limbs or "SuperLimbs" is designed to extend from a backpack, which would also carry the astronaut's life support system, along with the controller and motors to power the limbs.

The researchers have built a physical prototype, as well as a control system to direct the limbs, based on feedback from the astronaut using it. The team tested a preliminary version on healthy subjects who also volunteered to wear a constrictive garment similar to an astronaut's spacesuit. When the volunteers attempted to get up from a sitting or lying position, they did so with less effort when assisted by SuperLimbs, compared to when they had to recover on their own.

The MIT team envisions that SuperLimbs can physically assist astronauts after a fall and, in the process, help them conserve their energy for other essential tasks. The design could prove especially useful in the coming years, with the launch of NASA's Artemis mission, which plans to send astronauts back to the moon for the first time in over 50 years. Unlike the largely exploratory mission of Apollo, Artemis astronauts will endeavor to build the first permanent moon base -- a physically demanding task that will require multiple extended extravehicular activities (EVAs).

"During the Apollo era, when astronauts would fall, 80 percent of the time it was when they were doing excavation or some sort of job with a tool," says team member and MIT doctoral student Erik Ballesteros. "The Artemis missions will really focus on construction and excavation, so the risk of falling is much higher. We think that SuperLimbs can help them recover so they can be more productive, and extend their EVAs."

Asada, Ballesteros, and their colleagues will present their design and study this week at the IEEE International Conference on Robotics and Automation (ICRA). Their co-authors include MIT postdoc Sang-Yoep Lee and Kalind Carpenter of the Jet Propulsion Laboratory.




Taking a stand

The team's design is the latest application of SuperLimbs, which Asada first developed about a decade ago and has since adapted for a range of applications, including assisting workers in aircraft manufacturing, construction, and ship building.

Most recently, Asada and Ballesteros wondered whether SuperLimbs might assist astronauts, particularly as NASA plans to send astronauts back to the surface of the moon.

"In communications with NASA, we learned that this issue of falling on the moon is a serious risk," Asada says. "We realized that we could make some modifications to our design to help astronauts recover from falls and carry on with their work."

The team first took a step back, to study the ways in which humans naturally recover from a fall. In their new study, they asked several healthy volunteers to attempt to stand upright after lying on their side, front, and back.

The researchers then looked at how the volunteers' attempts to stand changed when their movements were constricted, similar to the way astronauts' movements are limited by the bulk of their spacesuits. The team built a suit to mimic the stiffness of traditional spacesuits, and had volunteers don the suit before again attempting to stand up from various fallen positions. The volunteers' sequence of movements was similar, though required much more effort compared to their unencumbered attempts.




The team mapped the movements of each volunteer as they stood up, and found that they each carried out a common sequence of motions, moving from one pose, or "waypoint," to the next, in a predictable order.

"Those ergonomic experiments helped us to model in a straightforward way, how a human stands up," Ballesteros says. "We could postulate that about 80 percent of humans stand up in a similar way. Then we designed a controller around that trajectory."

Helping hand

The team developed software to generate a trajectory for a robot, following a sequence that would help support a human and lift them back on their feet. They applied the controller to a heavy, fixed robotic arm, which they attached to a large backpack. The researchers then attached the backpack to the bulky suit and helped volunteers back into the suit. They asked the volunteers to again lie on their back, front, or side, and then had them attempt to stand as the robot sensed the person's movements and adapted to help them to their feet.

Overall, the volunteers were able to stand stably with much less effort when assisted by the robot, compared to when they tried to stand alone while wearing the bulky suit.

"It feels kind of like an extra force moving with you," says Ballesteros, who also tried out the suit and arm assist. "Imagine wearing a backpack and someone grabs the top and sort of pulls you up. Over time, it becomes sort of natural."

The experiments confirmed that the control system can successfully direct a robot to help a person stand back up after a fall. The researchers plan to pair the control system with their latest version of SuperLimbs, which comprises two multijointed robotic arms that can extend out from a backpack. The backpack would also contain the robot's battery and motors, along with an astronaut's ventilation system.

"We designed these robotic arms based on an AI search and design optimization, to look for designs of classic robot manipulators with certain engineering constraints," Ballesteros says. "We filtered through many designs and looked for the design that consumes the least amount of energy to lift a person up. This version of SuperLimbs is the product of that process."

Over the summer, Ballesteros will build out the full SuperLimbs system at NASA's Jet Propulsion Laboratory, where he plans to streamline the design and minimize the weight of its parts and motors using advanced, lightweight materials. Then, he hopes to pair the limbs with astronaut suits, and test them in low-gravity simulators, with the goal of someday assisting astronauts on future missions to the moon and Mars.

"Wearing a spacesuit can be a physical burden," Asada notes. "Robotic systems can help ease that burden, and help astronauts be more productive during their missions."

This research was supported, in part, by NASA.
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What fire ants can teach us about making better, self-healing materials | ScienceDaily
Fire ants form rafts to survive flooding, but how do those bonds work? And what can we learn from them? A Binghamton University, State University of New York professor is researching those questions to expand our knowledge of materials science.


						
When flooding hits a region where fire ants live, their survival response is to latch together to form a buoyant "raft" that floats and keeps the colony united. Think of it like a condensed, adaptive material where the building blocks -- individual ants -- are actually alive.

Binghamton University Assistant Professor Rob Wagner led research as part of the Vernerey Soft Matter Mechanics Lab at University of Colorado Boulder in which they investigated the adaptive response of these living rafts. The goals are to understand how they autonomously morph and change their mechanical properties, and then incorporate the simplest and most useful discoveries into artificial materials.

"Living systems have always fascinated me, because they achieve things that our current engineered materials cannot -- not even close," he said. "We manufacture bulk polymeric systems, metals and ceramics, but they're passive. The constituents don't store energy and then convert it to mechanical work the way every single living system does."

Wagner sees this storage and conversion of energy as essential to mimicking the smart and adaptive behaviors of living systems.

In their most recent publication in the Proceedings of the National Academy of Sciences, Wagner and his co-authors at University of Colorado investigated how fire ant rafts responded to mechanical load when stretched, and they compared the response of these rafts to dynamic, self-healing polymers.

"Many polymers are held together by dynamic bonds that break, but can reform," Wagner said. "When pulled slowly enough, these bonds have time to restructure the material so that -- instead of fracturing -- it flows like the slime our kids play with, or soft-serve ice cream. When pulled very fast, though, it breaks more like chalk. Since the rafts are held together by ants clinging onto one another, their bonds can break and reform. So, my colleagues and I thought they'd do the same thing."

But Wagner and his collaborators discovered that no matter what speed they pulled the ant rafts, their mechanical response was nearly the same, and they never flowed. Wagner speculates that the ants reflexively tighten and prolong their holds when they feel force because they want to stay together. They either turn down or turn off their dynamic behavior.




This phenomenon of bonds that grow stronger when force is applied to them is called catch bond behavior, and it likely enhances cohesion for the colony, which makes sense for survival.

"As you pull on typical bonds with some amount of force, they're going to let go sooner, and their lifetime goes down -- you're weakening the bond by pulling on it. That is what you see in almost any passive system," Wagner said. "But in living systems, because of their complexity, you can sometimes have catch bonds that hold on for longer durations under some range of applied force. Some proteins do this mechanistically and automatically, but it's not like the proteins are making a decision. They're just arranged in such a way that when a force is applied, it reveals these binding sites that latch or 'catch'."

Wagner believes that mimicking these catch bonds in engineered systems could lead to artificial materials that exhibit autonomous, localized self-strengthening in regions of higher mechanical stress. This could enhance the lifetimes of biomedical implants, adhesives, fiber composites, soft robotics components and many other systems.

Collective insect aggregations like fire ant rafts already are inspiring researchers to develop materials with stimuli-responsive mechanical properties and behaviors. A paper in Nature Materials earlier this year -- led by the Ware Responsive Biomaterials Lab at Texas A&M and including contributions from Wagner and his former thesis advisor, Professor Franck J. Vernerey -- demonstrates how ribbons made of special gels or materials called liquid crystal elastomers can coil due to heating, and then entangle with each other to form condensed, solid-like structures that were inspired by these ants

"A natural progression of this work is to answer how we can get the interactions between these ribbons or other soft building blocks to 'catch' under load like the fire ants and some biomolecular interactions do," Wagner said.
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Making batteries takes a lot of lithium: Some could come from gas well wastewater | ScienceDaily
Most batteries used in technology like smart watches and electric cars are made with lithium that travels across the world before even getting to manufacturers. But what if nearly half of the lithium used in the U.S. could come from Pennsylvania wastewater?


						
A new analysis using compliance data from the Pennsylvania Department of Environmental Protection suggests that if it could be extracted with complete efficiency, lithium from the wastewater of Marcellus shale gas wells could supply up to 40% of the country's demand.

Already, researchers in the lab can extract lithium from water with more than 90% efficiency according to Justin Mackey, a researcher at the National Energy Technology Laboratory and PhD student in the lab of Daniel Bain, associate professor of geology and environmental sciences in the Kenneth P. Dietrich School of Arts and Sciences.

The US Geological Survey lists lithium as a critical mineral, (although, as Mackey was quick to point out, lithium is an element, not a mineral). The designation means the U.S. government wants all lithium to be produced domestically by 2030, and so the search for sources has intensified. Currently, much of it is extracted from brine ponds in Chile. Then it's shipped to China, where it's processed.

There are lithium mining operations in the U.S., but, Mackey said, "This is different. This is a waste stream and we're looking at a beneficial use of that waste."

Finding lithium in the wastewater in Marcellus shale wasn't a surprise: Researchers had analyzed the water recycled in hydraulic fracking and knew that it picked up minerals and elements from the shale. "But there hadn't been enough measurements to quantify the resource," Mackey said. We just didn't know how much was in there."

Thanks to Pennsylvania regulatory requirements, the research team was able to figure it out. They published their results in the journal Scientific Reports.

Companies are required to submit analyses of wastewater used in each well pad, and lithium is one of the substances they have to report, Mackie said. "And that's how we were able to conduct this regional analysis."




Meeting 30% to 40% of the country's lithium needs would bring the country much closer to the 2030 requirements. But there's lithium-rich wastewater outside of the state's boundaries, too. "Pennsylvania has the most robust data source for Marcellus shale," Mackey said, "But there's lots of activity in West Virginia, too."

The next step toward making use of this lithium is to understand the environmental impact of extracting it and to implement a pilot facility to develop extraction techniques.

"Wastewater from oil and gas is a burgeoning issue," Mackey said. "Right now, it's just minimally treated and reinjected." But it has to potential to provide a lot of value. After all, he said, "It's been dissolving rocks for hundreds of millions of years -- essentially, the water has been mining the subsurface."
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Infertility treatment doubles the risk of postpartum heart disease | ScienceDaily
A study by Rutgers Health experts of more than 31 million hospital records shows that infertility treatment patients were twice as likely as those who conceived naturally to be hospitalized with heart disease in the year after delivery.


						
Patients who underwent infertility were particularly likely -- 2.16 times as likely as those who conceived naturally -- to undergo hospitalization for dangerously high blood pressure or hypertension.

"Postpartum checkups are necessary for all patients, but this study indicates they are particularly important for patients who undergo infertility treatment to achieve a conception," said Rei Yamada, an obstetrics and gynecology resident at Rutgers Robert Wood Johnson Medical School and lead author of the study.

The study authors say their results support standards of care that now call for an initial postpartum checkup three weeks after delivery, standards that some health systems have yet to adopt. Much of the elevated risk came in the first month after delivery, particularly for patients who developed dangerously high blood pressure.

"And these results aren't the only ones to indicate that follow-up should occur early," said Cande Ananth, chief of the Division of Epidemiology and Biostatistics in the Department of Obstetrics, Gynecology, and Reproductive Sciences at Rutgers Robert Wood Johnson Medical School and senior author of the study. "We have been involved in a series of studies over the past few years that have found serious risks of heart disease and stroke to various high-risk patient populations within those initial 30 days after delivery -- risks that could be mitigated with earlier follow-up care."

The study analyzed the Nationwide Readmissions Database, which contains nationally representative data on about 31 million hospital discharges and readmissions per year. The database contains diagnosis codes, which let researchers find specific populations and identify reasons for readmission.

The researchers used data from more than 31 million patients who were discharged following delivery from 2010 to 2018, including 287,813 patients who had undergone any infertility treatment.

Although infertility treatment predicted a sharply elevated risk of heart disease, the study authors said the relative youth of infertility treatment patients kept their overall risk fairly low. Just 550 of every 100,000 women who received infertility treatment and 355 of every 100,000 who conceived naturally were hospitalized with cardiovascular disease in the year after delivery.

The cause of the elevated risk of heart disease associated with infertility treatment remains unclear. The increase in heart disease could stem from the infertility treatments themselves, the underlying medical issues that made patients infertile or some other cause.

"Looking forward, I'd like to see if different types of infertility treatment and, importantly, medications are associated with different risk levels," said Yamada. "Our data gave no information about which patients had undergone which treatment. More detailed information might also provide insight into how infertility treatment impacts cardiovascular outcomes."
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Wavefunction matching for solving quantum many-body problems | ScienceDaily
Strongly interacting systems play an important role in quantum physics and quantum chemistry. Stochastic methods such as Monte Carlo simulations are a proven method for investigating such systems. However, these methods reach their limits when so-called sign oscillations occur. This problem has now been solved by an international team of researchers from Germany, Turkey, the USA, China, South Korea and France using the new method of wavefunction matching. As an example, the masses and radii of all nuclei up to mass number 50 were calculated using this method. The results agree with the measurements, the researchers now report in the journal "Nature."


						
All matter on Earth consists of tiny particles known as atoms. Each atom contains even smaller particles: protons, neutrons and electrons. Each of these particles follows the rules of quantum mechanics. Quantum mechanics forms the basis of quantum many-body theory, which describes systems with many particles, such as atomic nuclei.

One class of methods used by nuclear physicists to study atomic nuclei is the ab initio approach. It describes complex systems by starting from a description of their elementary components and their interactions. In the case of nuclear physics, the elementary components are protons and neutrons. Some key questions that ab initio calculations can help answer are the binding energies and properties of atomic nuclei and the link between nuclear structure and the underlying interactions between protons and neutrons.

However, these ab initio methods have difficulties in performing reliable calculations for systems with complex interactions. One of these methods is quantum Monte Carlo simulations. Here, quantities are calculated using random or stochastic processes. Although quantum Monte Carlo simulations can be efficient and powerful, they have a significant weakness: the sign problem. It arises in processes with positive and negative weights, which cancel each other. This cancellation leads to inaccurate final predictions.

A new approach, known as wavefunction matching, is intended to help solve such calculation problems for ab initio methods. "This problem is solved by the new method of wavefunction matching by mapping the complicated problem in a first approximation to a simple model system that does not have such sign oscillations and then treating the differences in perturbation theory," says Prof. Ulf-G. Meissner from the Helmholtz Institute for Radiation and Nuclear Physics at the University of Bonn and from the Institute of Nuclear Physics and the Center for Advanced Simulation and Analytics at Forschungszentrum Julich. "As an example, the masses and radii of all nuclei up to mass number 50 were calculated -- and the results agree with the measurements," reports Meissner, who is also a member of the Transdisciplinary Research Areas "Modeling" and "Matter" at the University of Bonn.

"In quantum many-body theory, we are often faced with the situation that we can perform calculations using a simple approximate interaction, but realistic high-fidelity interactions cause severe computational problems," says Dean Lee, Professor of Physics from the Facility for Rare Istope Beams and Department of Physics and Astronomy (FRIB) at Michigan State University and head of the Department of Theoretical Nuclear Sciences.

Wavefunction matching solves this problem by removing the short-distance part of the high-fidelity interaction and replacing it with the short-distance part of an easily calculable interaction. This transformation is done in a way that preserves all the important properties of the original realistic interaction. Since the new wavefunctions are similar to those of the easily computable interaction, the researchers can now perform calculations with the easily computable interaction and apply a standard procedure for handling small corrections -- called perturbation theory.

The research team applied this new method to lattice quantum Monte Carlo simulations for light nuclei, medium-mass nuclei, neutron matter and nuclear matter. Using precise ab initio calculations, the results closely matched real-world data on nuclear properties such as size, structure and binding energy. Calculations that were once impossible due to the sign problem can now be performed with wavefunction matching.

While the research team focused exclusively on quantum Monte Carlo simulations, wavefunction matching should be useful for many different ab initio approaches. "This method can be used in both classical computing and quantum computing, for example to better predict the properties of so-called topological materials, which are important for quantum computing," says Meissner.

The first author is Prof. Dr. Serdar Elhatisari, who worked for two years as a Fellow in Prof. Meissner's ERC Advanced Grant EXOTIC. According to Meissner, a large part of the work was carried out during this time. Part of the computing time on supercomputers at Forschungszentrum Julich was provided by the IAS-4 institute, which Meissner heads.
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Scientists want to know how the smells of nature benefit our health | ScienceDaily
Spending time in nature is good for us. Studies have shown that contact with nature can lift our well-being by affecting emotions, influencing thoughts, reducing stress and improving physical health. Even brief exposure to nature can help. One well-known study found that hospital patients recovered faster if their room included a window view of a natural setting.


						
Knowing more about nature's effects on our bodies could not only help our well-being, but could also improve how we care for land, preserve ecosystems and design cities, homes and parks. Yet studies on the benefits of contact with nature have typically focused primarily on how seeing nature affects us. There has been less focus on what the nose knows. That is something a group of researchers wants to change.

"We are immersed in a world of odorants, and we have a sophisticated olfactory system that processes them, with resulting impacts on our emotions and behavior," said Gregory Bratman, a University of Washington assistant professor of environmental and forest sciences. "But compared to research on the benefits of seeing nature, we don't know nearly as much about how the impacts of nature's scents and olfactory cues affect us."

In a paper published May 15 in Science Advances, Bratman and colleagues from around the world outline ways to expand research into how odors and scents from natural settings impact our health and well-being. The interdisciplinary group of experts in olfaction, psychology, ecology, public health, atmospheric science and other fields are based at institutions in the U.S., the U.K., Taiwan, Germany, Poland and Cyprus.

At its core, the human sense of smell, or olfaction, is a complex chemical detection system in constant operation. The nose is packed with hundreds of olfactory receptors, which are sophisticated chemical sensors. Together, they can detect more than one trillion scents, and that information gets delivered directly to the nervous system for our minds to interpret -- consciously or otherwise.

The natural world releases a steady stream of chemical compounds to keep our olfactory system busy. Plants in particular exude volatile organic compounds, or VOCs, that can persist in the air for hours or days. VOCs perform many functions for plants, such as repelling herbivores or attracting pollinators. Some researchers have studied the impact of exposures to plant VOCs on people.

"We know bits and pieces of the overall picture," said Bratman. "But there is so much more to learn. We are proposing a framework, informed by important research from many others, on how to investigate the intimate links between olfaction, nature and human well-being."

Nature's smell-mediated impacts likely come through different routes, according to the authors. Some chemical compounds, including a subset of those from the invisible realm of plant VOCs, may be acting on us without our conscious knowledge. In these cases, olfactory receptors in the nose could be initiating a "subthreshold" response to molecules that people are largely unaware of. Bratman and his co-authors are calling for vastly expanded research on when, where and how these undetected biochemical processes related to natural VOCs may affect us.




Other olfactory cues are picked up consciously, but scientists still don't fully understand all their impacts on our health and well-being. Some scents, for example, may have "universal" interpretations to humans -- something that nearly always smells pleasant, like a sweet-smelling flower. Other scents are closely tied to specific memories, or have associations and interpretations that vary by culture and personal experience, as research by co-author Asifa Majid of the University of Oxford has shown.

"Understanding how olfaction mediates our relationships with the natural world and the benefits we receive from it are multi-disciplinary undertakings," said Bratman. "It involves insights from olfactory function research, Indigenous knowledge, Western psychology, anthropology, atmospheric chemistry, forest ecology, Shinrin-yoku -- or 'forest bathing' -- neuroscience, and more."

Investigation into the potential links between our sense of smell and positive experiences with nature includes research by co-author Cecilia Bembibre at University College London, which shows that the cultural significance of smells, including those from nature, can be passed down in communities to each new generation. Co-author Jieling Xiao at Birmingham City University has delved into the associations people have with scents in built environments and urban gardens.

Other co-authors have shown that nature leaves its signature in the very air we breathe. Forests, for example, release a complex chemical milieux into the air. Research by co-author Jonathan Williams at the Max Planck Institute for Chemistry and the Cyprus Institute shows how natural VOCs can react and mix in the atmosphere, with repercussions for olfactory environments.

The authors are also calling for more studies to investigate how human activity alters nature's olfactory footprint -- both by pollution, which can modify or destroy odorants in the air, and by reducing habitats that release beneficial scents.

"Human activity is modifying the environment so quickly in some cases that we're learning about these benefits while we're simultaneously making them more difficult for people to access," said Bratman. "As research illuminates more of these links, our hope is that we can make more informed decisions about our impacts on the natural world and the volatile organic compounds that come from it. As we say in the paper, we live within the chemical contexts that nature creates. Understanding this more can contribute to human well-being and advance efforts to protect the natural world."
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Killer whales breathe just once between dives, study confirms | ScienceDaily
A new study has confirmed a long-held assumption: that orcas take just one breath between dives.


						
The researchers used drone footage and biological data from tags suction-cupped to 11 northern and southern resident killer whales off the coast of B.C. to gather information on the animals' habits.

Whaley fun facts

Published in PLOS ONE, the study found that residents spend most of their time making shallow dives, with the majority of dives less than one minute. The longest dive recorded was 8.5 minutes, for an adult male. "Killer whales are like sprinters who don't have the marathon endurance of blue and humpback whales to make deep and prolonged dives," said co-author Dr. Andrew Trites, professor in the UBC Institute for the Oceans and Fisheries (IOF).

For how many fish could an orca wish?

Confirming orcas take only one breath between dives allowed the researchers to calculate how many litres of oxygen adults and juveniles consume per minute. This provides another piece of the puzzle in estimating orca energy expenditure, and eventually, how many fish the animals need to eat per day. "Researchers can then work out if the orcas are getting enough food, including the endangered southern residents, a key factor in their conservation," said first author Tess McRae, IOF masters student.

Breathe like an orca

Killer whales in the study took 1.2 to 1.3 breaths per minute while resting and 1.5 to 1.8 while travelling or hunting. Comparatively, humans tend to take about 15 breaths per minute when resting and from 40 to 60 while exercising. "It's the equivalent of holding your breath and running to the grocery store, shopping, and coming back before breathing again," said co-author Dr. Beth Volpov, IOF postdoctoral fellow.
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Animal brain inspired AI game changer for autonomous robots | ScienceDaily
A team of researchers at Delft University of Technology has developed a drone that flies autonomously using neuromorphic image processing and control based on the workings of animal brains. Animal brains use less data and energy compared to current deep neural networks running on GPUs (graphic chips). Neuromorphic processors are therefore very suitable for small drones because they don't need heavy and large hardware and batteries. The results are extraordinary: during flight the drone's deep neural network processes data up to 64 times faster and consumes three times less energy than when running on a GPU. Further developments of this technology may enable the leap for drones to become as small, agile, and smart as flying insects or birds. The findings were recently published in Science Robotics.


						
Learning from animal brains: spiking neural networks

Artificial intelligence holds great potential to provide autonomous robots with the intelligence needed for real-world applications. However, current AI relies on deep neural networks that require substantial computing power. The processors made for running deep neural networks (Graphics Processing Units, GPUs) consume a substantial amount of energy. Especially for small robots like flying drones this is a problem, since they can only carry very limited resources in terms of sensing and computing.

Animal brains process information in a way that is very different from the neural networks running on GPUs. Biological neurons process information asynchronously, and mostly communicate via electrical pulses called spikes. Since sending such spikes costs energy, the brain minimizes spiking, leading to sparse processing.

Inspired by these properties of animal brains, scientists and tech companies are developing new, neuromorphic processors. These new processors allow to run spiking neural networks and promise to be much faster and more energy efficient.

"The calculations performed by spiking neural networks are much simpler than those in standard deep neural networks.," says Jesse Hagenaars, PhD candidate and one of the authors of the article, "Whereas digital spiking neurons only need to add integers, standard neurons have to multiply and add floating point numbers. This makes spiking neural networks quicker and more energy efficient. To understand why, think of how humans also find it much easier to calculate 5 + 8 than to calculate 6.25 x 3.45 + 4.05 x 3.45."

This energy efficiency is further boosted if neuromorphic processors are used in combination with neuromorphic sensors, like neuromorphic cameras. Such cameras do not make images at a fixed time interval. Instead, each pixel only sends a signal when it becomes brighter or darker. The advantages of such cameras are that they can perceive motion much more quickly, are more energy efficient, and function well both in dark and bright environments. Moreover, the signals from neuromorphic cameras can feed directly into spiking neural networks running on neuromorphic processors. Together, they can form a huge enabler for autonomous robots, especially small, agile robots like flying drones.




First neuromorphic vision and control of a flying drone

In an article published in Science Robotics on May 15, 2024, researchers from Delft University of Technology, the Netherlands, demonstrate for the first time a drone that uses neuromorphic vision and control for autonomous flight. Specifically, they developed a spiking neural network that processes the signals from a neuromorphic camera and outputs control commands that determine the drone's pose and thrust. They deployed this network on a neuromorphic processor, Intel's Loihi neuromorphic research chip, on board of a drone. Thanks to the network, the drone can perceive and control its own motion in all directions.

"We faced many challenges," says Federico Paredes-Valles, one of the researchers that worked on the study, "but the hardest one was to imagine how we could train a spiking neural network so that training would be both sufficiently fast and the trained network would function well on the real robot. In the end, we designed a network consisting of two modules. The first module learns to visually perceive motion from the signals of a moving neuromorphic camera. It does so completely by itself, in a self-supervised way, based only on the data from the camera. This is similar to how also animals learn to perceive the world by themselves. The second module learns to map the estimated motion to control commands, in a simulator. This learning relied on an artificial evolution in simulation, in which networks that were better in controlling the drone had a higher chance of producing offspring. Over the generations of the artificial evolution, the spiking neural networks got increasingly good at control, and were finally able to fly in any direction at different speeds. We trained both modules and developed a way with which we could merge them together. We were happy to see that the merged network immediately worked well on the real robot."

With its neuromorphic vision and control, the drone is able to fly at different speeds under varying light conditions, from dark to bright. It can even fly with flickering lights, which make the pixels in the neuromorphic camera send great numbers of signals to the network that are unrelated to motion.

Improved energy efficiency and speed by neuromorphic AI

"Importantly, our measurements confirm the potential of neuromorphic AI. The network runs on average between 274 and 1600 times per second. If we run the same network on a small, embedded GPU, it runs on average only 25 times per second, a difference of a factor ~10-64! Moreover, when running the network, , Intel's Loihi neuromorphic research chip consumes 1.007 watts, of which 1 watt is the idle power that the processor spends just when turning on the chip. Running the network itself only costs 7 milliwatts. In comparison, when running the same network, the embedded GPU consumes 3 watts, of which 1 watt is idle power and 2 watts are spent for running the network. The neuromorphic approach results in AI that runs faster and more efficiently, allowing deployment on much smaller autonomous robots.," says Stein Stroobants, PhD candidate in the field of neuromorphic drones.

Future applications of neuromorphic AI for tiny robots

"Neuromorphic AI will enable all autonomous robots to be more intelligent," says Guido de Croon, Professor in bio-inspired drones, "but it is an absolute enabler for tiny autonomous robots. At Delft University of Technology's Faculty of Aerospace Engineering, we work on tiny autonomous drones which can be used for applications ranging from monitoring crop in greenhouses to keeping track of stock in warehouses. The advantages of tiny drones are that they are very safe and can navigate in narrow environments like in between ranges of tomato plants. Moreover, they can be very cheap, so that they can be deployed in swarms. This is useful for more quickly covering an area, as we have shown in exploration and gas source localization settings."

"The current work is a great step in this direction. However, the realization of these applications will depend on further scaling down the neuromorphic hardware and expanding the capabilities towards more complex tasks such as navigation."
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The crystallization of memory: Study reveals how practice forms new memory pathways in the brain | ScienceDaily
A new study led by UCLA Health has shown that repetitive practice not only is helpful in improving skills but also leads to profound changes in the brain's memory pathways.


						
The research, published in the journal Nature and co-led by Rockefeller University, sought to unravel how the brain's ability to retain and process information, known as working memory, improves through training.

To test this, researchers tasked mice with identifying and recalling a sequence of odors over the course of two weeks. Researchers then tracked neural activity in the animals as they practiced the task by using a novel, custom-built microscope that can image cellular activity in up to 73,000 neurons simultaneously throughout the cortex.

The study revealed a transformation in the working memory circuits located in the secondary motor cortex as the mice repeated the task through time. As the mice were first learning the task, the memory representations were unstable. However, after repeatedly practicing the task, the memory patterns began to solidify or "crystalize," said corresponding author and UCLA Health neurologist Dr. Peyman Golshani.

"If one imagines that each neuron in the brain is sounding a different note, the melody that the brain is generating when it is doing the task was changing from day to day, but then became more and more refined and similar as animals kept practicing the task," Golshani said.

These changes give insights into why performance becomes more accurate and automatic following repetitive practice.

"This insight not only advances our understanding of learning and memory but also has implications for addressing memory-related disorders," Golshani said.

The work was performed by Dr. Arash Bellafard, project scientist at UCLA in close collaboration with Dr. Alipasha Vaziri's group at Rockefeller University.
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New insights into phage therapy design | ScienceDaily
Results from a new Dartmouth-led study, involving collaborators at the University of Pittsburgh and Yale University and published in the journal PLOS Biology, are providing new insights into the therapeutic potential of bacteriophage (phage) therapy for treating diseases like cystic fibrosis (CF).


						
A major challenge of treating people with CF -- an inherited disease that causes sticky, thick mucus to build up in the lungs -- are the persistent infections the disease causes which can lead to respiratory failure and death.

"Opportunistic pathogens such as Pseudomonas aeruginosa, one of the pathogens associated with the most lung function decline in CF, have become increasingly resistant to antibiotics, so we have to be creative with new ways to think about treating these infections," explains Jennifer Bomberger, PhD, a professor of microbiology and immunology at Dartmouth's Geisel School of Medicine, who served as senior author on the study.

"Developed many decades ago, phage therapy has seen success in Eastern Europe as an antimicrobial for difficult-to-treat infections and is increasingly being used in clinical trials and compassionate use cases through Emergency Use Authorizations in the U.S.," says Paula Zamora, PhD, a postdoctoral associate at Geisel and first author on the study.

One of the advantages of phage therapy, which uses viruses to kill bacteria, "is that unlike antibiotics which need to be given repeatedly, it has this mechanism of self-amplification," Zamora continues. "Phages are able to replicate by binding to bacteria and injecting their genetic material -- as phages make more phages, they kill more bacteria."

While phage therapy is thought to be relatively safe with few side effects, key gaps in knowledge related to the interactions between phages and the epithelial cells of the human respiratory tract remain.

"Since very high doses of phages are often needed to elicit a therapeutic effect, we wondered, 'Do the host cells detect these phages, and do they create an inflammatory response that we should be concerned about?'" says Bomberger.




To find out, the investigators teamed up with researchers at Pitt and Yale,

examining interactions between a panel of Pseudomonas aeruginosa phages with therapeutic potential and human airway epithelial cells derived from a person with CF and grown in cell lines in the lab.

They determined that respiratory epithelial cells do sense and respond to therapeutic phages, and that interactions between phages and epithelial cells are heterogenous in nature -- in that they are dependent on specific phage properties, as well as physiochemical features of the airway microenvironment.

"Our research also indicates that immune responses to phages could be harnessed to improve the effectiveness of phage therapy on an individual basis," Zamora says. "We hope that our findings will lead to more studies that examine the effects that phages have on the human host."

Considering that the effects of phages on human cells are not currently required to be evaluated as part of phage therapy design, Bomberger adds, "Our suggestion is, as people are screening phages for killing bacteria, they might also want to know what types of immune responses those phages could elicit in the host and let that play into their calculus when picking which phage to treat a patient with."
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This time, it's personal: Enhancing patient response to cancer immunotherapy | ScienceDaily
Immunotherapy has revolutionized the way we treat cancer in recent years. Instead of targeting the tumor itself, immunotherapies work by directing patients' immune systems to attack their tumors more effectively. This has been especially impactful in improving outcomes for certain difficult-to-treat cancers. Still, fewer than half of all cancer patients respond to current immunotherapies, creating an urgent need to identify biomarkers that can predict which patients are most likely to benefit.


						
Recently, scientists have noticed that patients whose tumors have a mutation in a gene called ARID1A are more likely to respond positively to immune checkpoint blockade, a type of immunotherapy that works by keeping cancer-fighting immune cells called T cells turned "on" when they'd otherwise be turned "off." Since this ARID1A gene mutation is present in many cancers -- including endometrial, ovarian, colon, gastric, liver, and pancreatic cancers -- researchers at the Salk Institute wondered how it contributes to treatment sensitivity, and how clinicians can use this information to customize cancer treatments to each patient.

The new study, published in Cell on May 15, 2024, reveals that ARID1A mutation renders tumors sensitive to immunotherapy by inviting cancer-fighting immune cells into the tumor through an antiviral-like immune response. The researchers suggest this mutation and antiviral immune response could be used as a biomarker to better select patients for specific immunotherapies, like immune checkpoint blockade. The findings also encourage the development of drugs that target ARID1A and related proteins as a way of sensitizing other tumors to immunotherapy.

"This could really make a difference in patient outcomes from cancer treatment," says Associate Professor Diana Hargreaves, senior author of the study. "These ARID1A mutation cancer patients are already having an immune response, so all we need to do is upregulate that response using immune checkpoint blockade to help them destroy their tumors from the inside."

While it was reported that people with ARID1A mutations responded well to immune checkpoint blockade, the exact relationship between the two remained unclear. To elucidate the mechanism behind this, Salk scientists turned to mouse models of melanoma and colon cancer with either mutated ARID1A or functional ARID1A.

The team observed a powerful immune response in all animal models with mutated ARID1A tumors but not those with functional ARID1A tumors, supporting the idea that the ARID1A mutation was, indeed, driving the response. But how did this work on a molecular level?

"We found that ARID1A plays an important role in the nucleus of keeping DNA properly arranged," says Matthew Maxwell, first author of the study and a graduate student in Hargreaves' lab. "Without functional ARID1A, loose DNA can be excised and escape into the cytosol, which activates a coincidentally desirable antiviral immune response that can be further enhanced by immune checkpoint blockade."

The ARID1A gene codes for a protein that helps regulate the shape of our DNA and maintain genome stability. When ARID1A is mutated, a microscopic chain of events analogous to a Rube Goldberg machine is set off in the cancer cell. First, the lack of functional ARID1A leads to escape of DNA into the cytosol. Next, the cytosolic DNA activates an antiviral alarm system -- the cGAS-STING pathway -- since our cells are adapted to flag any DNA in the cytosol as foreign to protect us against viral infections. Finally, the cGAS-STING pathway calls on the immune system to recruit T cells into the tumor and activates them into specialized cancer-killing T cells.




With each step relying on the last, this chain of events -- ARID1A mutation, DNA escape, cGAS-STING alarm, T cell recruitment -- results in more cancer-fighting T cells in the tumor. Immune checkpoint blockade can then be used to ensure these T cells stay "on," supercharging them to defeat the cancer.

"Our findings provide a novel molecular mechanism by which ARID1A mutation can promote an anti-tumor immune response," says Hargreaves. "What's most exciting about these results is their translational potential. Not only can we use ARID1A mutations to help select patients for immune checkpoint blockade, but we now also see a mechanism by which drugs that inhibit ARID1A or its protein complex could be used to further enhance immunotherapy in other patients."

By outlining the mechanism by which immune checkpoint blockade is more effective for ARID1A mutant cancers, the researchers have provided cause for clinicians to prioritize the immunotherapy for patients with mutated ARID1A. The findings are a major step in personalizing cancer treatment and inspiring novel therapies that target and inhibit ARID1A and its protein complex.

In the future, the Salk team hopes its findings can improve patient outcomes across the many cancer types associated with ARID1A mutations and is set to explore this clinical translation with collaborators at UC San Diego.

Other authors include Jawoon Yi, Shitian Li, Samuel Rivera, Jingting Yu, Mannix Burns, Helen McRae, Braden Stevenson, Josephine Ho, Kameneff Bojorquez Gastelum, Joshua Bell, Alexander Jones, Gerald Shadel, and Susan Kaech of Salk; Marianne Hom-Tedla and Katherine Coakley of Salk and UC San Diego; Ramez Eskander of UC San Diego; and Emily Dykhuizen of Purdue University.

The work was supported by the National Institutes of Health (NCI CCSG P30 014195, T32DK007541, R01 CA228211, R01 CA285867, R01 CA216101, R01 CA240909, R01 AI066232, R21 MH128678, S10-OD023689), National Science Foundation, Howard Hughes Medical Institute, Cancer Research Institute, Pew-Stewart Scholars for Cancer Research, American Cancer Society, and Padres Pedal the Cause.
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Heating proteins to body temperature reveals new drug targets | ScienceDaily
Some proteins shift their shape when exposed to different temperatures, revealing previously unknown binding sites for medications.


						
The findings, published today in Nature, could revolutionize wide swathes of biology by fundamentally changing how protein structure is studied and leveraged for drug design. The study was led by Van Andel Institute's Juan Du, Ph.D., and Wei Lu, Ph.D.

Proteins generally are investigated at low temperatures to ensure their stability. However, the new study demonstrates that certain proteins are highly sensitive to temperature and change their shape when viewed at body temperature.

"For a long time, the methods we've used to study proteins require them to be cold or frozen. But in the real world, human proteins exist and function at body temperature," Du said. "Our study describes a new way to study proteins at body temperature and reveals that some proteins drastically alter their structures when warm, opening up new opportunities for structure-guided drug development."

Proteins are the molecular workhorses of the body. Their shape governs how they interact with other molecules to do their jobs. By determining protein structure, scientists can create blueprints that guide development of more effective medications, much like locksmiths designing keys to fit into specific locks.

Although it is well known that temperature affects molecular function in the body, studying proteins at physiological temperature has been technologically challenging. Today's study by the Du and Lu laboratories details how they overcame these issues and provides scientists a roadmap for doing so in their own experiments.

The study focused on a protein called TRPM4, which supports heart function and metabolism, including the release of insulin. As such, TRPM4 is linked to stroke, heart disease and diabetes, among other health conditions.

To visualize TRPM4 at body temperature, the team leveraged VAI's powerful suite of cryo-electron microscopes (cryo-EM), which allow scientists to flash freeze proteins and assemble detailed images of their structures. Rather than using a low-temperature sample, Postdoctoral Fellow Jinhong Hu, Ph.D., and colleagues in the Du and Lu laboratories heated the sample to body temperature before flash freezing it. By doing so, they found that ligands -- molecules that bind to proteins -- interact with totally different sites on TRPM4 at body temperature than at lower temperatures.

The implications of today's study are far-reaching and reinforce the importance of studying proteins at body temperature to ensure identification of physiologically relevant drug binding sites.
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Final dust settles slowly in the deep sea | ScienceDaily
'Dust clouds' at the bottom of the deep sea, that will be created by deep-sea mining activities, descend at a short distance for the biggest part. That is shown by PhD research of NIOZ marine geologist Sabine Haalboom, on the bottom of the Pacific Ocean. Yet, a small portion of the stirred-up bottom material remains visible in the water at long distances. "These waters are normally crystal clear, so deep-sea mining could indeed have a major impact on deep-sea life," Haalboom states in her dissertation that she defends at Utrecht University on May 31st.


						
Unidentified Living Organisms between manganese nodules

Currently, the international community is still discussing the possibilities and conditions for mining valuable metals from the bottom of the deep sea. This so-called deep-sea mining may take place at depths where very little is known about underwater life. Among other things, the silt at the bottom of the deep sea, which will be stirred up when extracting manganese nodules, for example, is a major concern. Since life in the deep sea is largely unknown, clouding the water will definitely create completely unknown effects.

Variety of instruments

For her research, Haalboom conducted experiments with different instruments to measure the amount and also the size of suspended particles in the water. At the bottom of the Clarion Clipperton Zone, a vast area in the depths of the Pacific Ocean, Haalboom performed measurements with those instruments before and after a grid with 500 kilograms of steel chains had been dragged across the bottom.

Still murky for a long time

"The first thing that strikes you when you take measurements in that area, is how unimaginably clear the water naturally is," Haalboom says. "After we dragged the chains back and forth over a 500-meter stretch, the vast majority of the stirred-up material settled within just a few hundred meters. Yet, we also saw that a small portion of the stirred-up bottom material was still visible up to hundreds of meters from the test site and meters above the bottom. The water was a lot murkier than normal at long distances from the test site."

In a follow-up study, in which PhD candidate Haalboom was not involved, the 'dust clouds' were visible even up to five kilometers away from the test site.




Scarce food in clear water

International companies that are competing for concessions to extract the scarce metals from the deep-sea floor, are seizing on the results of these initial trials as an indication of the low impact of deep-sea mining on bottom life. Yet, that is not justifiable, says the co-promoter of Haalboom's research, NIOZ oceanographer Henko de Stigter. "Sure, based on this PhD research and also based on follow-up research, we know that the vast majority of the dust settles quickly. But when you take in consideration how clear these waters normally are, and that deep-sea life depends on the very scarce food in the water, that last little bit could have a big impact."

Too early to decide

Both Haalboom and De Stigter urge more research before firm statements can be made about the impact of deep-sea mining. "It is really too soon to say at this point how harmful or how harmless that last bit of dust is that can be spread over such great distances," De Stigter emphasizes.
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John Milton's notes discovered, including a rare example of prudish censorship | ScienceDaily
John Milton's handwritten annotations have been identified in a copy of Raphael Holinshed's Chronicles (1587), a vital source of inspiration for the Paradise Lost poet. The discovery, made in the Burton Barr Central Library in Phoenix, Arizona, makes this one of only three known books to preserve Milton's handwritten reading notes, and one of only nine books to have survived from his library.


						
The findings, detailed today by three researchers in the Times Literary Supplement (TLS), include Milton censoring Holinshed by crossing out a lewd anecdote about the mother of William the Conqueror, Arlete.

Spotted while dancing by Robert I of Normandy, and summoned to his bed, Arlete refused to let him lift up her smock and instead tore it herself from top to bottom, explaining that it would be immodest for her 'dependant' garments to be 'mountant' to her sovereign's mouth.

In the margin, Milton dismisses this anecdote as inappropriate and told in the style of a pedlar hawking wares on the streets. In Milton's exact words, it was: "an unbecom[ing] / tale for a hist[ory] / and as pedlerl[y] / expresst."

"The adverb 'pedlerly' was quite rare in writing at the time so we are seeing Milton really stretching language to express his contempt," said co-author Prof. Jason Scott-Warren, from Cambridge University's English Faculty, who was consulted to confirm that the handwriting was Milton's.

"Milton is renowned as an enemy of press censorship," Scott-Warren said, "but here we see he was not immune to prudishness."

Milton crossed through the passage with a single, light diagonal line so the words beneath remain fully legible.




The discovery was made thanks to the Arizona Book History Group, a research forum at the Phoenix Public Library organized by Assistant Prof. Brandi Adams and Prof. Jonathan Hope, both from Arizona State University's Dept. of English. Adams and Hope raised funds for four visiting scholars to study books in the library's Alfred Knight Collection. In March this year, these researchers included the two other authors of this study: Dr Aaron Pratt, Curator of Early Books & Manuscripts at University of Texas; and Claire Bourne, an associate professor of English at Penn State. Holinshed's Chronicles, bound in two hefty volumes, was among a number of books that the researchers requested to see.

On 1st March, Dr Pratt noticed a surprising little "e" in notations added to the book. "I was like, 'God, there's no way in hell this is true, but it kind of looks like this stupid way Milton writes 'e'," Pratt said.

Intrigued, Pratt kept looking and started seeing scratchy brackets with notations in the margins, brackets that looked very similar to those found in one of the two other known books with Milton's handwriting, Shakespeare's First Folio, which Bourne and Scott-Warren found in 2019 in the Philadelphia Free Library.

Bourne started to compare the annotations in Holinshed's Chronicles with those in the Shakespeare Folio. "We're kind of going back and forth, like, is that double 'l' similar? Is that double 's' similar?" Bourne said.

Bourne then texted photos of the handwriting and brackets to Jason Scott-Warren, Director of the Cambridge Centre for Material Texts and a Fellow of Gonville and Caius College.

In 2019, Scott-Warren identified Milton as the annotator of a copy of the Shakespeare First Folio in the Free Library of Philadelphia, building on Bourne's research. Academics and media reports called this one of the most important literary discoveries of modern times. Since then, the pair have employed research assistants to look for other surviving books from Milton's library, with no luck.




Bourne wasn't sure how Scott-Warren would respond to the Holinshed notations, describing him as "very conservative" when it comes to reaching such verdicts. But his reply was rapid and enthusiastic: "Wow. Bingo!"

Milton's handwriting

Scott-Warren's assessment involved comparing the handwriting in the Holinshed annotations with Milton's handwriting preserved in two surviving holograph manuscripts: the Commonplace Book (British Library) and the Trinity Manuscript (Trinity College, Cambridge).

Milton's handwriting evolved in the 1630s and the version preserved in the Holinshed matches entries dating from the early 1640s in both manuscripts. The annotations consistently deploy italic e (e) -- a feature Milton adopted before his trip to Italy in 1638-39 -- rather than the epsilon e (e) used previously. Other features fit with what we know of Milton's neat italic hand, which rarely featured joined letters. Giveaways include hooks and curls on particular letters and a characteristic unevenness in the formation of small 's's.

Milton and Holinshed

Holinshed's massive account of English, Irish and Scottish history from antiquity to the reign of Elizabeth I was a major source for Shakespeare's histories and other plays including Macbeth. Milton himself repeatedly quoted Holinshed in his Commonplace Book, to support his republican views. The researchers found that over 90% of these references correspond with passages marked in the Knight Collection copy of the second bound volume.

The researchers found around 100 examples in this volume alone. On page 87, a bracket marks a passage recording that Henry II's wife Eleanor was "enraged against hir husband bicause he kept sundrie concubines," which Milton notes in the Commonplace Book: "Concubinatus ... turn'd both wife & children against our Hen. 2. Holinsh. p. 87."

And in his notes on kings and tyrants, Milton transcribes a number of details that he marked out in Holinshed's account of Richard II's deposition, including one which Milton would later use to justify the execution of Charles I.

In the Trinity Manuscript, Milton borrowed source material from the Chronicles to plan a series of proposed historical dramas. Milton used two pages of material from Holinshed's history of Scotland to describe his idea for the first of 5 "Scotch stories," a violent revenge narrative involving a witch.

Significance

The researchers believe that the discovery opens up new perspectives on his engagement with a major source for his writings, including Of Reformation (1641) and The History of Britain (1670). He would have been working on both around the time -- or shortly after -- he was reading the Chronicles.

Several of Milton's notes cite other books known to have been in his library. These include John Stow's Annales, another key source of historical information. Milton also marked out Holinshed quoting Giovanni Villani's Chroniche di Firenze (Chronicles of Florence), a book which Milton included in the curriculum he developed for his nephews in the 1640s.

The notes also emphasize Milton's interest in continental poetry. Under Holinshed's assertion that Richard the Lionheart was "not very notorious," Milton added: "the booke of Provenzall poets numbers him in / the catalogue, telling of his poetrie, and his Provenzal / mistresses." The researchers believe this book refers to Jean de Nostredame's Les vies des plus ce?le?bres et anciens poe?tes provenc?aux (Lyon, 1575), which discusses Richard's poetry and mistresses.

Scott-Warren said: "This discovery also serves as additional confirmation that the Shakespeare First Folio belonged to Milton. Both books feature the same swooping brackets, and they display closely comparable annotative practices. And they remind us of just how voracious he was as a reader."

Life after Milton

What happened to Milton's books after his death in 1674 remains unclear, but it is widely accepted that they were sold off in batches. The trail of the Holinshed goes cold for well over a century. Around 1800, someone had the volumes rebound. Within a few decades, new endpapers were added, and around 1847, the ecclesiastical historian and collector William Maskell signed the book and began adding his own notes.

By 1942, the volumes had made their way to Beverly Hills, California, where the bookseller Maxwell Hunley sold them to the real estate magnate and philanthropist Alfred Knight. In 1958, Knight bequeathed them to the people of Phoenix, Arizona.

The researchers point out that public libraries like Phoenix's are 'are off the beaten path for academics who work with early modern books and manuscripts'. This discovery, barely five years after the Shakespeare Folio was found in another US public library, suggests that more of Milton's books may be out there, including in less well-known collections.
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Tiger beetles fight off bat attacks with ultrasonic mimicry | ScienceDaily
Bats, as the main predator of night-flying insects, create a selective pressure that has led many of their prey to evolve an early warning system of sorts: ears uniquely tuned to high-frequency bat echolocation. To date, scientists have found at least six orders of insects -- including moths, beetles, crickets and grasshoppers -- that have evolved ears capable of detecting ultrasound.


						
But tiger beetles take things a step further. When they hear a bat nearby, they respond with their own ultrasonic signal, and for the past 30 years, no one has known why.

"It's such a foreign idea to humans: these animals flying around at night trying to catch each other in essentially complete darkness, using sound as their way of communicating," said Harlan Gough, lead author on a new study that finally solves the mystery. While doing his doctoral research at the Florida Museum of Natural History, he reasoned that tiger beetles must receive a major benefit from making the sound, since it would also help bats locate them.

Tiger beetles are the only group of beetle scientists know of that seem to produce ultrasound in response to bat predation. An estimated 20% of moth species, however, are known to have this ability and provide a helpful reference for understanding the behavior in other insects. "This was a really fun study because we got to peel apart the story layer by layer," Gough said.

The researchers began by confirming that tiger beetles produced ultrasound in response to bat predation. As bats fly through the night sky, they periodically send out ultrasonic pulses, which gives them snapshots of their surroundings. When a bat has located potential prey, they start clicking more frequently, allowing them to lock on to their targets.

This also creates a distinctive bat echolocation attack sequence, which researchers played for tiger beetles to see how they would respond. When a beetle flies, its hard shell opens to reveal two hindwings that generate lift. The elytra, which formerly covered the wings, are protective and don't help with flight. These are typically held up and out of the way.

The researchers spent two summers in the deserts of southern Arizona and collected 20 different tiger beetle species to study. Of these, seven responded to bat attack sequences by swinging their elytra slightly toward the back. This caused the beating hind wings to strike the back edges of the elytra, like the two wing pairs were clapping. To a human's ears it sounds like a faint buzzing, but a bat would pick up the higher frequencies and hear the beetle loud and clear.




"Responding to bat echolocation is a much less common ability than just being able to hear echolocation," Gough said. "Most moths aren't singing these sounds through their mouths, like we think of bats echolocating through their mouth and nose. Tiger moths, for example, use a specialized structure on the side of the body, so you need that structure to make ultrasound as well as ears to hear the bat."

Tiger beetles were certainly responding to the sound of a bat attack with ultrasound. But why?

Some moths can jam bat sonar by producing several clicks in close, quick succession. The researchers quickly ruled out this possibility for tiger beetles, however, as they produce ultrasound that is too simple for such a feat.

Instead, they suspected that tiger beetles, which produce benzaldehyde and hydrogen cyanide as defensive chemicals, were using ultrasound to warn bats that they are noxious -- like many moths do.

"These defensive compounds have been shown to be effective against some insect predators," Gough said. "Some tiger beetles, when you hold them in your hand, you can actually smell some of those compounds that they are producing."

They tested their theory by feeding 94 tiger beetles to big brown bats, which eat a wide array of insects but show a strong preference for beetles. To their surprise, 90 were completely eaten while two were only partially consumed, and just two were rejected, indicating that the beetles' defensive chemicals do little to dissuade big brown bats.




According to Akito Kawahara, director of the museum's McGuire Center for Lepidoptera and Biodiversity, this was the first time scientists had tested whether tiger beetles were actually noxious to bats.

"Even if you identify a chemical, that doesn't mean it's a defense against a particular predator," Kawahara said. "You don't actually know until you do the experiment with the predator."

It turned out tiger beetles don't use ultrasound to warn bats of their noxiousness. But there was one last possibility. Some moths produce anti-bat ultrasound even though they are palatable. Scientists believe these moths are trying to trick bats by acoustically mimicking the ultrasonic signals of genuinely noxious moth species.

Could tiger beetles be doing something similar? The researchers compared recordings of tiger beetle ultrasound, collected earlier in the study, with recordings of tiger moths already in their database. Upon analyzing the ultrasonic signals, they found a clear overlap and the answer to their question.

Tiger beetles, which do not have chemical defenses against bats, produce ultrasound to mimic tiger moths, which are noxious to bats.

But this behavior is limited to tiger beetles that fly at night. Some of the 2,000 species of tiger beetles are active exclusively during the day, using their vision to chase and hunt smaller insects, and don't have the selective pressure of bat predation. The 12 diurnal tiger beetle species that the researchers included in the study are evidence of this.

"If you get one of those tiger beetles that goes to sleep at night and play bat echolocation to it, it makes no response at all," Gough said. "And they seem to be able to pretty quickly lose the ability to be afraid of bat echolocation."

Researchers suspect there may be even more undiscovered examples of ultrasonic mimicry, given how understudied the acoustics of the night sky are.

"I think it's happening all over the world," Kawahara said. "With my colleague, Jesse Barber, we have been studying this together for many years. We think it's not just tiger beetles and moths. It appears to be happening with all kinds of different nocturnal insects, and we just don't know simply because we haven't been testing in this manner."

These delicate ecological interactions are also at risk of being disrupted soon. Acoustic mimicry needs a quiet environment to work, but human impacts like noise and light pollution are already altering what the night sky looks and sounds like.

"If we want to understand these processes, we need to do it now," Kawahara said. "There are amazing processes taking place in our backyards that we can't see. But by making our world louder, brighter and changing the temperature, these balances can break."

The authors published their study in the journal Biology Letters.

Juliette Rubin, former graduate student at the University of Florida and Jesse Barber of Boise State University were also authors on the study.
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Using AI to improve building energy use and comfort | ScienceDaily
University of Waterloo researchers have developed a new method that can lead to significant energy savings in buildings. The team identified 28 major heat loss regions in a multi-unit residential building with the most severe ones being at wall intersections and around windows. A potential energy savings of 25 per cent is expected if 70 per cent of the discovered regions are fixed.   


						
Building enclosures rely on heat and moisture control to avoid significant energy loss due to airflow leakage, which makes buildings less comfortable and more costly to maintain. This problem will likely be compounded by climate change due to volatile temperature fluctuations. Since manual inspection is time-consuming and infrequently done due to a lack of trained personnel, energy inefficiency becomes a widespread problem for buildings.  

Researchers at Waterloo, which is a leader in sustainability research and education and a catalyst for environmental innovation, solutions and talent, created an autonomous, real-time platform to make buildings more energy efficient. The platform combines artificial intelligence, infrared technology, and a mathematical model that quantifies heat flow to better identify areas of heat loss in buildings.

Using the new method, the researchers conducted an advanced study on a multi-unit residential building in the extreme climate of Canadian prairies, where elderly residents reported discomfort and higher electricity bills due to increased demand for heating in their units. Using AI tools, the team trained the program to examine thermal images in real time, achieving 81 percent accuracy in detecting regions of heat loss in the building envelope.  

"The almost 10 per cent increase in accuracy with this AI-based model is impactful, as it enhances occupants' comfort as well as reduces energy bills," said Dr. Mohamad Araji, director of Waterloo's Architectural Engineering Program and head of the Symbiosis Lab, an interdisciplinary group at the university that specializes in developing innovative building systems and building more environmentally friendly buildings.  

The new AI tools helped to remove the element of human error in examining the results and increased the speed of getting the data analyzed by a factor of 12 compared to traditional building inspection methods. 

Future expansions to this work will include utilizing drones equipped with cameras to inspect high-rise buildings. 

"The hope is that our methodology can be used to analyze buildings and lead to millions in energy savings in a much faster way than previously possible," Araji said.  
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Studying bubbles can lead to more efficient biofuel motors | ScienceDaily
By studying how bubbles form in a drop of biodiesel, researchers at the University of Gothenburg can help future engines get the most energy out of the fuel.


						
In an internal combustion engine, the fuel is distributed in small droplets in injection valves to maximise combustion.

In the engine, the fuel droplets are pressurised to turn into gas and burn. When gas is formed, bubbles form inside the droplets and it is these that the researchers at the University of Gothenburg have studied using femtosecond lasers.

Less emissions

"The bubbles have a significant impact on the atomisation of biodiesel in engines. Therefore, our research is very important to address fundamental questions about the efficiency of the biodiesel engine," says Dr. Yogeshwar Nath Mishra, who led the study at the University of Gothenburg together with Professor Dag Hanstorp.

Researchers are trying to understand how and when the bubbles form in the fuel droplets. In the long term, this knowledge could lead to the development of a more efficient engine that burns more fuel than today, resulting in less environmentally harmful emissions.

"Research on biodiesel is crucial in our transition from fossil fuels to combat climate change. In engines, bubbling affects fuel combustion and contributes to the formation of larger droplets that do not evaporate and burn completely, leading to increased emissions," says Dr. Yogeshwar Nath Mishra.




The droplet is levitated acoustically

Studying bubble formation in engine injection valves is difficult because of their structure, with narrow channels in metal bodies. But with the latest technology, physicists can set up an experiment in the lab that allows them to study the process in a millimetre-sized drop of biodiesel. First, a fuel droplet is levitated, i.e. trapped in the air, using a standing sound wave.

"We then energise the droplet with our femtosecond laser, which focuses light energy at a point inside the droplet for a very short time, 100 femtoseconds, 10-13 seconds. This forms the gas bubbles, the number, growth and fine distribution of which are studied using a high-speed camera," explains Dag Hanstorp, Professor of Physics at the University of Gothenburg.

Many applications

The results, published in Nature Scientific Reports, have provided significant insights into the phenomenon of bubble formation that are not only useful in the development of more efficient fuels and combustion engines.

"Bubble formation is important in industries such as chemical engineering for example carbonated drinks, ultrasonic imaging, boiling processes for heat transfer and processes such as gas release from water bodies and cloud formation. But what we have achieved is basic research. There is still a lot of development to be done before it can be used," says Dag Hanstorp.
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Now we know, what gets roots to grow: Can help in future droughts | ScienceDaily
A biological mechanism familiar to people who fast helps plant roots grow strong. The discovery by University of Copenhagen scientists provides an answer to a long-unanswered question and a deeper understanding of the "mouths" of plants that can help to develop climate-resilient crops.


						
Imagine eating with your feet and having half your body underground. Such is the life of most plants, with roots as the mouths through which they eat and drink. Roots also serve to anchor plants and keep them safe in wind and rain. Indeed, roots are critical for a plant's life.

But many things remain unknown about the life of plants. How they grow their roots big and strong has long been a question and there are key pieces missing to the puzzle.

In a new study published recently, researchers from the University of Copenhagen's Department of Biology share their discovery of how plants control root growth.

It turns out that a beneficial clean-up mechanism in plant cells called autophagy plays a key role. The same mechanism exists in humans and is part of a popular health trend.

"Fasting has become popular as it seems to have a range of health-promoting effects in humans, as periods without food cause the body to activate a clean-up processes to dispose of various waste products in cells. In our study, we have proven that the same mechanism, which also exists in the plant kingdom, plays a vital role in the ability of plant roots to grow and absorb water and nutrients for the rest of the plant," explains Assistant Professor Eleazar Rodriguez from the Department of Biology, who led the study.

Roots have a heartbeat 

It has long been known that auxin, a plant hormone, controls plant growth, root growth included. Auxin is a fuel for a kind of heartbeat that beats in each and every root tip of a plant. Roughly every four to six hours, auxin levels and the heartbeat in a plant's roots reach a maximum that causes new roots to grow.




"The movement of a root is almost like watching a snake slithering forward in search of water and nourishment in the soil. And we can see that the heartbeat is strongest every time the root meanders forth," says Eleazar Rodriguez.

But how plants control its heartbeat so as to optimize root growth, has remained an unanswered question. This is where the plant's internal clean-up mechanism comes into the picture.

"In our experiments, we disabled the clean-up mechanism to understand its significance. Imagine if every garbage collector in Copenhagen went on strike -- it wouldn't be long before trash filled the streets. The same thing happened in the plant cells, as the heartbeats that drive root growth became much weaker and went out of sync," explains Eleazar Rodriguez.

Doing this allowed the researchers to conclude that the clean-up mechanism helps keep levels of different biochemical components in perfect balance to provide the most efficient root growth.

Can help germinate new climate-resilient crops 

According to the researchers, the new knowledge about plant roots may prove important in the fight against climate change. Extended periods of drought and floods are a new normal that place greater demands on food security. As such, the roots of the crops, which must be able to grow even in these harsh conditions.




"Numerous methods to change the genetic characteristics of plants are available today. These can be used to get plants to develop longer roots, faster, and in doing so, become more resistant to droughts or floods. One of the methods enlists the help of bacteria that live in symbiosis with the plant and can cause the plant to change its growth pattern. Several companies in Denmark are working on this right now," explains Ph.D. student Jeppe Ansbol who co-authored the study..

The new knowledge applies to all flowering plants and perhaps more, according to the researcher. In principle, crops like tomatoes, potatoes, rice, wheat and corn could be altered to grow more and denser roots, because we now know how plants get their roots to grow.

"The more roots the plants have the more water and nutrients they can take, so the plants grow better faster. We're heavily dependent on plants because they feed us, extract CO2 from the atmosphere and produce the oxygen we breathe. As such, it is extremely important to understand them fully, to which end we have just taken a big step forward," concludes Eleazar Rodriguez.

More about the result: Causing the garbage collectors in cells to go on strike

Autophagy means 'self-eating' and is a key mechanism when plants develop roots. To investigate the significance of autophagy, the researchers developed a mutant Arabidopsis (thale cress) plant in which its autophagy was disabled.

At the same time, they made the ARF7 protein luminescent, which is the protein that controls the auxin responses and which the plant cell's garbage collectors clean up to provide optimal root growth. The plant's garbage collectors collect waste from cells and transport it to a kind of recycling station in the plant called a vacuole.

"When we disrupted the plant's autophagy, there was waste everywhere, and we were able to detect the ARF7 protein among the waste," says Eleazar Rodriguez.
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Research sheds light on how proteins linked to Alzheimer's disease influence neuronal growth | ScienceDaily
New research has shed light in the complex interplay between cell proteins, and how they impact on neurons in neurodevelopmental disorders and Alzheimer's disease.


						
A new study led by the University of Exeter and published in Royal Society Open Biology has discovered the key role that the protein Contactin-4 (encoded by the gene CNTN4) plays in shaping neurons.

The researchers began studying CNTN4 because it was known to have a role in autism, but its functional roles were not well understood. The team explored how CNTN4 functions within the brain, particularly its interactions with proteins involved in neurodegenerative diseases like Alzheimer's disease.

For the first time, the researchers studied mice who have had the CNTN4 gene knocked out in the cortex, the region of the brain responsible for key functions including memory, thinking and reasoning. They found that neurons developed in a different way in the cortex region.

Researchers have demonstrated for the first time in human cells the interaction between genes CNTN4 and APP, a gene strongly linked to Alzheimer's disease, revealing a co-dependent relationship that is essential for brain development, and specifically for the healthy growth of neurons. They found that CNTN4 not only contributes to neural elongation in the frontal cortex region of the brain, but also CNTN4 expression is regulated via a relationship with APP.

Using studies in genetically modified human cells, the team also discovered that a complex interaction exists between CNTN4 and APP. If CNTN4 is knocked out, then levels of APP decrease, but not to zero. The scientists believe that APP may compensate for the loss of CNTN4, and vice versa.

The study's lead author, Dr Rosemary Bamford, of the University of Exeter Medical School, said: "It was quite remarkable to discover that CNTN4, a gene linked to developmental processes, also plays a role in modulating factors involved in Alzheimer's disease. This intersection of developmental and neurodegenerative pathways offers exciting new insights into the broader implications of these proteins."

Senior author Dr Asami Oguro-Ando, of the University of Exeter Medical School, said: "Looking ahead, my group is keen to further dissect the molecular mechanisms underpinning the interaction between CNTN4 and APP and explore their wider implications for disorders like Alzheimer's and Autism Spectrum Disorder. Our next steps involve clarifying how the CNTN4-APP interaction impacts neural activity. Understanding this interaction is crucial as it represents a fundamental step towards a comprehensive grasp of neurodevelopmental and neurodegenerative disorders."
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Detection of an Earth-sized exoplanet orbiting the ultracool dwarf star SPECULOOS-3 | ScienceDaily
The SPECULOOS project, led by the astronomer Michael Gillon from the University of Liege, has just discovered a new Earth-sized exoplanet around SPECULOOS-3, an "ultracool dwarf" star as small as Jupiter, twice as cold as our Sun, and located 55 light-years from Earth. After the famous TRAPPIST-1, SPECULOOS 3 is the second planetary system discovered around this type of star.


						
Ultra-cool dwarf stars are the least massive stars in our Universe, similar in size to Jupiter, more than twice as cold, ten times less massive and a hundred times less luminous than our Sun. Their lifespan is over a hundred times longer than that of our star, and they will be the last stars to shine when the Universe becomes cold and dark. Although they are far more common in the Cosmos than Sun-like stars, ultra-cool dwarf stars are still poorly understood due to their low luminosity. In particular, very little is known about their planets, even though they represent a significant fraction of the planetary population of our Milky Way.

It's against this backdrop that the SPECULOOSconsortium, led by the University of Liege, has just announced the discovery of a new Earth-sized planet orbiting a nearby ultra-cool dwarf star. The SPECULOOS-3 b exoplanet lies around 55 light-years from Earth (which is very close on a cosmic scale! Our galaxy, the Milky Way, stretches over 100,000 light-years). SPECULOOS 3 is only the second planetary system to be discovered around this type of star: "SPECULOOS-3 b is practically the same size as our planet," explains the astronomer Michael Gillon, first author of the article published in Nature Astronomy. A year, i.e. an orbit around the star, lasts around 17 hours. Days and nights, on the other hand, should never end. We believe that the planet rotates synchronously, so that the same side, called the day side, always faces the star, just like the Moon does for the Earth. On the other hand, the night side hand, would be locked in endless darkness."

The SPECULOOS (Search for Planets EClipsing ULtra-cOOl Stars) project, initiated and led by astronomer Michael Gillon, has been specially designed to search for exoplanets around the nearest ultra-cold dwarf stars. These stars are scattered across the sky, so you must observe them one by one, over a period of weeks, to have a good chance of detecting transiting planets," continues the researcher. This requires a dedicated network of professional robotic telescopes." This isthe concept behind SPECULOOS, jointly run by the Universities of Liege, Cambridge, Birmingham, Berne, MIT and ETH Zurich.

"We designed SPECULOOS specifically to observe nearby ultra-cool dwarf stars in search of rocky planets that lend themselves well to detailed studies," comments Laetitia Delrez, astronomer at the University of Liege. In 2017, our SPECULOOS prototype using the TRAPPIST telescope discovered the famous TRAPPIST-1 system made up of seven Earth-sized planets, including several potentially habitable ones. This was an excellent start!"

The SPECULOOS-3 star is more than twice as cold as our sun, with an average temperature of around 2,600degC. Due to its hyper-short orbit, the planet receives almost sixteen times more energy per second than the Earth does from the Sun and is therefore literally bombarded with high-energy radiation. "In such an environment, the presence of an atmosphere around the planet is highly unlikely," says Julien de Wit, MIT professor and co-director of the SPECULOOS Northern Observatory and its Artemis telescope, co-developed by the University of Liege and MIT, and the mainstay of this discovery. The fact that this planet has no atmosphere could be a plus in several respects. For example, it could enable us to learn a great deal about ultra-cool dwarf stars, which in turn will make possible more in-depth studies of their potentially habitable planets."

SPECULOOS-3 b is proving to be an excellent target for the JWST space telescope, to be launched in 2021, whose data will revolutionize our vision of the Universe. "With the JWST, we could even study the mineralogy of the planet's surface!" enthuses Elsa Ducrot, a former researcher at the University of Liege now based at Paris Observatory. 

"This discovery demonstrates the ability of our SPECULOOS-North observatory to detect Earth-sized exoplanets suitable for detailed study. And this is just the beginning! Thanks to the financial support of the Walloon Region and the University of Liege, two new telescopes, Orion and Apollo, will soon join Artemis on the plateau of the Teide volcano in Tenerife, to speed up the hunt for these fascinating planets" concludes Michael Gillon.
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An active agent against hepatitis E | ScienceDaily
At present, there is no specific active substance against hepatitis E. As the disease kills 70,000 people every year, researchers are actively searching for one. The team from the Department of Molecular and Medical Virology at Ruhr University Bochum, Germany, may have found what they're looking for. The researchers showed that the compound K11777 prevents host cells from helping the virus out of its shell by cleaving the viral capsid. This means it can no longer infect cells. "The compound is already being tested in clinical trials against other viruses such as Sars-Cov-2," says lead author Mara Klohn. "There's still a lot of work to be done to find out whether it can be used as an active substance against hepatitis E, but it's a first step." The researchers published their findings on May, 11, 2024 in the journal Hepatology.


						
In order to infect an organ, viruses need the help of the host cells. "An effective approach is therefore to identify targets in the host that can be manipulated by drugs so that they no longer perform this helper function," explains Mara Klohn.

The researchers became aware of the compound K11777 in a roundabout way: During a control study conducted as part of cell culture studies on the hepatitis C virus with a known active ingredient, they discovered that this active ingredient was also effective against hepatitis E. "However, the drug wasn't using the same pathway as with the hepatitis C virus, because the hepatitis E virus doesn't have the target structure that this active substance attacks," explains Mara Klohn. This suggested that the drug may have an effect on host cells instead.

The research team narrowed down the possible target structures and turned their attention to cathepsins, which can process proteins, i.e. cleave them. K11777 inhibits many cathepsin types, i.e. blocks their function. Tests in cell culture with human liver cells showed that the compound actually prevents infection with hepatitis E viruses. "In follow-up experiments, we proved our hypothesis that the compound prevents cathepsin L from cleaving and opening up the viral capsid," says Mara Klohn. "This means that the virus can no longer infect host cells."

Hepatitis E

The hepatitis E virus (HEV) is the main cause of acute viral hepatitis. Approximately 70,000 people die from the disease every year. After the first documented epidemic outbreak between 1955 and 1956, more than 50 years passed before researchers began to address the issue in depth. Acute infections usually clear up spontaneously in patients with an intact immune system. In patients with a reduced or suppressed immune system, such as organ transplant recipients or people infected with HIV, HEV can become chronic. HEV also poses a serious threat to pregnant women. There aren't any vaccines nor specific active substances against the virus.
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New group training tool for the prevention of dementia | ScienceDaily
Solving a quiz as a group while moving around the room at the same time -- this combination is the basis of a new tool designed to prevent dementia. Researchers developed and evaluated it in the "go4cognition" project with industry partners and brought it to market maturity. Vanessa Lissek and Professor Boris Suchan from Ruhr University Bochum, Germany, and Stefan Orth from the company Ontaris describe how effective the training with the system is in the Journal of Alzheimer's Disease. The article was published online on April 30, 2024.


						
"In the project, we've developed a completely new system that can be used for dementia prevention training," says Boris Suchan. "We were specifically interested in designing a tool for group training, as it produces very good results and increases acceptance. Also, all participants benefit and learn from each other."

Passing the baton from quiz station to quiz station

The new system is designed for groups of seven to ten people. It consists of six stations arranged around the room, each equipped with a tablet. The tablets display different tasks, such as listing German chancellors, memorizing series of numbers or planning a trip around the world to specific locations. In order to complete the tasks, a participant has to move to the relevant station and insert a baton fitted with a microchip into a specific device. "We can then digitally record how long it took to complete the task and whether the answer was correct," explains Boris Suchan. As everyone has their own baton, their individual performance can be evaluated.

Significant reduction of cognitive impairments through training

The researchers tested the system with 30 volunteers aged between 60 and 89 who had been diagnosed with mild cognitive impairment, i.e. who showed moderate cognitive impairment in neuropsychological tests. "Our participants are not restricted in their everyday activities, but have an increased risk of developing dementia at a later stage," says Boris Suchan. Mild cognitive impairment occurs in 15 to 20 percent of people above the age of 60.

The participants trained with the go4cognition system two days a week for six weeks. After completing the training, 70 percent of them were no longer diagnosed with mild cognitive impairment.




System already in use in retirement homes

The group training tool is marketed by the company Ontaris. "It's already used in retirement homes, for example in Oberhausen -- also for residents who have not yet been diagnosed with mild cognitive impairment," says Boris Suchan, and offers an outlook: "In future, we're also considering testing the system for people with acquired brain damage."

For people who don't have access to the go4cognition system but still wish to take steps to prevent dementia, the Bochum-based researcher recommends physical and mental activities and a healthy diet. "All of this helps to prevent dementia or at least delay it for as long as possible," says Suchan. As part of the go4cognition project, he and his colleagues published a review article on this topic.

About go4cognition

The go4cognition project ran from 2018 to 2023, supported by Leitmarkt Agentur.NRW, the European Union and the state of NRW (funding number ERDF -0801287). Specialists from various institutions developed new tools to prevent cognitive impairment in old age.
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Much more than a world first image of radioactive cesium atoms | ScienceDaily
Thirteen years after the nuclear disaster at the Fukushima Daiichi Nuclear Power Plant (FDNPP), a breakthrough in analysis has permitted a world first: direct imaging of radioactive cesium (Cs) atoms in environmental samples.


						
The groundbreaking analysis, completed by a team of researchers in Japan, Finland, America, and France, analyzing materials emitted from the damaged FDNPP reactors, reveals important insights into the lingering environmental and radioactive waste management challenges faced in Japan. The study, titled ""Invisible" radioactive cesium atoms revealed: Pollucite inclusion in cesium-rich microparticles (CsMPs) from the Fukushima Daiichi Nuclear Power Plant" has just been published in the Journal of Hazardous Materials. 

The Fukushima Daiichi Meltdowns: A Continuing Engineering and Environmental Puzzle

In 2011, after the Great Tohoku Earthquake and Tsunami, 3 nuclear reactors at the FDNPP underwent meltdowns due to a loss of back-up power and cooling. Since then, extensive research efforts have focused on understanding the properties of fuel debris (the mixture of melted nuclear fuels and structural materials), found within the damaged reactors. That debris must be carefully removed and disposed of.

However, many uncertainties remain concerning the physical and chemical state of the fuel debris and this greatly complicates retrieval efforts.

Attempts to Understand the Chemistry of Radioactive Cesium Results in a World First 

A significant amount of radioactive Cs was released from the damaged Fukushima Daiichi reactors in particulate form. The particles, termed Cs-rich microparticles (CsMPs), are poorly soluble, small (< 5 mm) and have a glass-like composition.




Prof. Satoshi Utsunomiya from Kyushu University, Japan, led the current study. He explained that the CsMPs "formed in the bottom of the damaged reactors during the meltdowns, when molten nuclear fuel impacted concrete."

After formation, many CsMPs were lost from the reactor containment into the surrounding environment.

Detailed characterization of CsMPs has revealed important clues about the mechanisms and extent of the meltdowns. However, despite abundant Cs in the microparticles, direct atomic scale imaging of radioactive Cs in the particles has proven impossible.

Prof. Gareth Law, a study collaborator from the University of Helsinki, explained that "this means we lack full information on the chemical form of Cs in the particles and fuel debris."

Utsunomiya continued, "whilst Cs in the particles is present at reasonably high concentrations, it is often still too low for successful atomic scale imaging using advanced electron microscopy techniques. When Cs is found at a high enough concentration, we have found that the electron beam damages the sample, rendering resulting data useless." However, in the team's previous work using a state-of-the-art high-resolution high-angle annular dark-field scanning transmission electron microscope (HR-HAADF-STEM), they found inclusions of a mineral called pollucite (a zeolite) within CsMPs. Law explained that "in past analysis we showed that the iron-rich pollucite inclusions in the CsMPs contained >20 wt.% Cs. In nature, pollucite is generally aluminum-rich.

The pollucite in the CsMPs was clearly different to that in nature indicating it formed in the reactors." Utsunomiya continued, "because we knew that most of the Cs in CsMPs is fission derived, we thought that analysis of the pollucite could yield the first ever direct images of radioactive Cs atoms."

Zeolites can become amorphous when subjected to electron beam irradiation, but that damage is related to the composition of the zeolite, and the team found that some pollucite inclusions were stable in the electron beam.




Learning this and informed by modelling, the team set about pain-staking analysis that saw Utsunomiya, graduate student Kanako Miyazaki, and the team finally image radioactive Cs atoms.

Utsunomiya explained:

"It was incredibly exciting to see the beautiful pattern of Cs atoms in the pollucite structure, where about half of the atoms in the image correspond to radioactive Cs."

He continued: "this is first time humans have directly imaged radioactive Cs atoms in an environmental sample. Finding concentrations of radioactive Cs high enough in environmental samples that would permit direct imaging is unusual and presents safety issues. Whilst it was exciting to make a scientific world first image, at the same time it's sad that this was only possible due to a nuclear accident."

More than an Imaging Breakthrough

Utsunomiya emphasized that the study's findings are broader than mere imaging of radioactive Cs atoms: "Our work sheds light on pollucite formation and the likely heterogeneity of Cs distribution within the FDNPP reactors and the environment."

Law further underscored relevance: "we unequivocally demonstrate a new Cs occurrence associated with the materials emitted from the FDNPP reactors. Finding Cs containing pollucite in CsMPs likely means it also remains in the damaged reactors; as such, its properties can now be considered in reactor decommissioning and waste management strategies."

Collaborator Emeritus Prof. Bernd Grambow from Subatech, IMT Atlantique Nantes University, added that: "we should now also begin to consider the environmental behavior or Cs-pollucite and its possible impacts. It likely behaves differently to other forms of Cs fallout documented thus far. Also,the effect on human health might have to be considered. The chemical reactivity of pollucite in the environment and in body fluids is certainly different than that of other forms of deposited radioactive Cs." Finally reflecting on the study's significance, Prof. Rod Ewing from Stanford University underscored the pressing need for continued research to inform debris removal strategies and environmental remediation: "yet again, we see that the pain-staking analytical efforts of international scientists really can unlock the mysteries of nuclear accidents, aiding long-term recovery efforts."

The study, titled "Invisible radioactive cesium atoms revealed: Pollucite inclusion in cesium-rich microparticles (CsMPs) from the Fukushima Daiichi Nuclear Power Plant," is published in the Journal of Hazardous Materials. The work was supported by bilateral funding from the Japan Society for the Promotion of Science and the Research Council of Finland.
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Green concrete recycling twice the coal ash is built to last | ScienceDaily
New modelling reveals that low-carbon concrete developed at RMIT University can recycle double the amount of coal ash compared to current standards, halve the amount of cement required and perform exceptionally well over time.


						
More than 1.2 billion tonnes of coal ash were produced by coal-fired power plants in 2022. In Australia, it accounts for nearly a fifth of all waste and will remain abundant for decades to come, even as we shift to renewables.

Meanwhile, cement production makes up 8% of global carbon emissions and demand for concrete -- which uses cement as a key ingredient -- is growing rapidly.

Addressing both challenges head-on, engineers at RMIT have partnered with AGL's Loy Yang Power Station and the Ash Development Association of Australia to substitute 80% of the cement in concrete with coal fly ash.

RMIT project lead Dr Chamila Gunasekara said this represents a significant advance as existing low-carbon concretes typically have no more than 40% of their cement replaced with fly ash.

"Our addition of nano additives to modify the concrete's chemistry allows more fly ash to be added without compromising engineering performance," said Gunasekara, from RMIT's School of Engineering.

Finding new opportunities in overlooked pond ash

Comprehensive lab studies have shown the team's approach is also capable of harvesting and repurposing lower grade and underutilised 'pond ash'- taken from coal slurry storage ponds at power plants -- with minimal pre-processing.




Large concrete beam prototypes have been created using both fly ash and pond ash and shown to meet Australian Standards for engineering performance and environmental requirements.

"It's exciting that preliminary results show similar performance with lower-grade pond ash, potentially opening a whole new hugely underutilised resource for cement replacement," Gunasekara said.

"Compared to fly ash, pond ash is underexploited in construction due to its different characteristics. There are hundreds of megatonnes of ash wastes sitting in dams around Australia, and much more globally."

"These ash ponds risk becoming an environmental hazard, and the ability to repurpose this ash in construction materials at scale would be a massive win."

New modelling technology shows low-carbon concrete's long-term resilience 

A pilot computer modelling program developed by RMIT in partnership with Hokkaido University' Dr Yogarajah Elakneswaran has now been used to forecast the time-dependent performance of these new concrete mixtures.




According to Dr Yuguo Yu, an expert in virtual computational mechanics at RMIT, a longstanding challenge in the field has been to understand how newly developed materials will stand the test of time.

"We've now created a physics-based model to predict how the low-carbon concrete will perform over time, which offers us opportunities to reverse engineer and optimise mixes from numerical insights," Yu explained.

This pioneering approach -- recently unveiled in the journal Cement and Concrete Research -- reveals how various ingredients in the new low-carbon concrete interact over time.

"We're able to see, for example, how the quick-setting nano additives in the mix act as a performance booster during the early stages of setting, compensating for the large amounts of slower-setting fly ash and pond ash in our mixes," Gunasekara says.

"The inclusion of ultra-fine nano additives significantly enhances the material by increasing density and compactness."

This modelling, with its wide applicability to various materials, marks a crucial stride towards digitally assisted simulation in infrastructure design and construction.

By leveraging this technology, the team aims to instil confidence among local councils and communities in adopting novel low-carbon concrete for various applications.

This research was enabled by the ARC Industrial Transformation Research Hub for Transformation of Reclaimed Waste Resources to Engineered Materials and Solutions for a Circular Economy (TREMS). Led by RMIT's Professor Sujeeva Setunge, TREMS brings together top scientists, researchers and industry experts from nine Australian universities and 36 state, industry, and international partners to minimise landfill waste and repurpose reclaimed materials for construction and advanced manufacturing.
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Parasitic worm likely playing role in decline of moose populations | ScienceDaily
A parasitic worm that can infest the brains of moose appears to be playing a role in the decline of the iconic animal in some regions of North America.


						
Moose populations have been dwindling for years across the country due to many contributing factors, but new research at Washington State University has found the impact of Eleaophora schneideri, also known as the arterial worm, has likely been underestimated.

Researchers examined recently deceased Shiras moose in Idaho between March 2020 and July 2022. While the parasitic roundworm E. schneideri was not detected in any of the animals found in north Idaho, it was present in 10 of the 20 adult moose studied in the southeastern portion of the state. Nine of the infected not only had adult worms in their major arteries but their brains were littered with microfilariae, the microscopic early life stage of the worm.

"The microfilaria are just scattered throughout their brains, and even though the damage from each is miniscule, they're basically shot-gunning the whole brain," said Kyle Taylor, a pathologist at WSU's Washington Animal Disease Diagnostics Laboratory. "We hypothesize the cumulative effects of large numbers of microfilariae in the brain may be associated with increased morbidity or chance of mortality, with mortality more likely in cases with larger numbers of worms."

The research, published in the Journal of Wildlife Diseases, is part of a three-year collaborative project on moose mortality with the Idaho Fish and Game and Dr. Janet Rachlow of the University of Idaho, College of Natural Resources.

E. schneideri is primarily transmitted by tabanid flies like horse and deer flies. Mature worms can measure as long as 4.5 inches and are most commonly found in the carotid arteries in the area of the head and neck, where they will mate and release microfilariae into the bloodstream.

Infection can lead to a condition known as elaeophorosis in which the host's circulation system is disrupted. It can advance to blindness, abnormal behavior, damage to the ears and muzzle, and death. Infections have been reported in a variety of species, including deer, domestic and wild sheep, and elk. Unlike moose, mule deer and black-tail deer are considered to be natural hosts and typically show minimal to no signs of infection.




There are currently no tests available to determine whether a live moose is infected with the parasite.

Taylor's team examined 61 recently deceased moose in Idaho. No evidence of infection was found in northern Idaho moose or juveniles, but 10, or half, of the adult moose studied in southeastern Idaho were infected. Of those 10, three had damage to the tips of their ears, a condition attributed to E. schneideri infection. Four exhibited abnormal behavior prior to their deaths, possibly due to neuropathology associated with the parasite.

Based on their findings and that of other research, Taylor suspects the subtle but widespread damage to the brain caused by the worms may be leading to reduced fitness of the moose, which could increase risk of predation, and, sometimes, cause death.

"We really need to have an understanding of all the issues related to moose population decline, and this parasite appears to be a factor," Taylor said.

The study also explored the geographic spread of E. schneideri in Idaho. The parasite was found to be widespread in southeastern Idaho, aligning with its prevalence in neighboring regions of Montana and Wyoming. The distribution coincides with populations of mule deer.

Christine Haake, a pathology resident at WADDL and graduate student in the Department of Veterinary Microbiology and Pathology, helped to lead the study. Field sampling was performed and directed by Dr. Logan Weyand, who was a graduate student at the University of Idaho during the project. WADDL pathologist Chrissy Eckstrand and parasitologist Laura Williams assisted with the research.
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Two genes of the germline are essential for the development of brain tumors in Drosophila | ScienceDaily
Every cell in an organism carries an identical set of genetic instructions within its DNA. However, what determines whether a cell develops as a neuron, a muscle, or any other specific cell type lies in the activation or inactivation of specific genes in that particular cell. For instance, in the Drosophila fly, the TrxT and dhd genes, which belong to the germline -- that is, they participate in the formation of sperm and eggs, respectively -- should be inactive in the brain.


						
However, scientists led by Dr. Cayetano Gonzalez, ICREA researcher at IRB Barcelona, have discovered that TrxT and dhd are essential for the development of brain tumours. The inhibition of either of these two genes causes a partial reduction in the size of the tumours but simultaneous inhibition of both leads to a significantly greater decrease.

Published in the journal EMBO Reports, the study reveals that the two genes, TrxT and dhd, which are not normally coexpressed, are unexpectedly activated in brain tumours in the Drosophila fly. This abnormal activation leads to the development of aggressive tumours that invade surrounding tissues. Furthermore, the study uncovers disparities in the influence of genes, depending on whether the fly is male or female.

"This study reveals new germline genes involved in tumour development and underlines the importance of considering sexual dimorphism (or difference between the sexes) in cancer research. Our findings further suggest that collaboration between several genes may offer new therapeutic strategies to address the disease more effectively in the future," says Dr. Gonzalez.

The differences between sexes in cancer

Differences in cancer incidence and progression between men and women have been known for decades, but a detailed understanding of sexual dimorphism in relation to cancer biology is still limited.

TrxT and dhd, which are genes specific to the Drosophila germline, are equally expressed in somatic tumours of males and females and their simultaneous inactivation leads to a significant reduction in tumour size, especially in males. This study points to a synergic effect between TrxT and dhd in the initial development of the tumour, while only TrxT appears to be essential for the maintenance of the tumour once established.




"Our results suggest that the initial phases of tumour development and the growth of established tumours are two distinct phenomena that may depend on different molecular mechanisms," explains Dr. Cristina Molnar, first author of the study.

Germline genes as targets against cancer

Called "cancer-germline" genes (or "cancer-testis" genes due to their initial discovery in the testes), the genes traditionally associated with the formation of sperm and eggs have been identified as key players in the pathogenesis of certain types of cancers, such as melanomas, lung carcinoma, and others.

Given that the function of these genes is limited mainly to the production of sex cells, they are a particularly promising target for cancer treatment. Therefore, blocking them could result in minimal side effects, since the rest of the body's cells would not be affected.

While the researchers emphasize that this study does not directly lead to new cancer therapies, it offers valuable insight into the biological processes involved in tumour formation and growth that could pave the way for future research and the development of therapeutics.
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Exploring the mechanism behind drug eruptions in the skin | ScienceDaily
Although medications can often help patients find a cure or respite from their condition, millions of people worldwide suffer from unpredictable drug toxicities every year. In particular, drug eruptions which manifest through symptoms such as redness, blisters, and itching on the skin, are quite common. Severe drug eruptions can become life-threatening and can have long-lasting consequences. Thus, understanding how and why drug eruptions occur is an important area of research in medical science.


						
To this end, previous studies have identified specific variants of certain genes as potential causal agents of drug eruptions. Scientists believe that the genes encoding the human leukocyte antigen (HLA), a protein expressed on the surface of leucocytes known to play an important role in the immune system, are involved in the onset of drug eruption. However, current theories cannot explain why HLA-related drug eruptions typically manifest on the skin rather than in multiple organs throughout the body.

To address this knowledge gap, a research team including Lecturer Shigeki Aoki, Kousei Ito, and Akira Kazaoka from the Graduate School of Medical and Pharmaceutical Sciences, Chiba University, conducted an in-depth study on the link between HLA and drug eruptions. Their findings were published in PNAS Nexus on April 2, 2024.

The researchers first conducted a series of experiments on keratinocytes from mice, which are the primary type of cells found in the skin. These keratinocytes were engineered to express a specific variant of the HLA gene called HLA-B*57:01, which specifically bind to the antiviral drug abacavir. Then, they validated these findings in genetically modified mice expressing HLA-B*57:01, that were exposed to abacavir.

The researchers found that HLA-B*57:01 expressing keratinocytes that were exposed to abacavir exhibited endoplasmic reticulum (ER) stress responses, such as immediate release of calcium into the cytosol and elevated expression of heat shock protein 70 (HSP70). They also observed an increased production of cytokines and immune cell migration. Abacavir exposure triggered HLA misfolding in the ER, leading to ER stress. Moreover, the researchers observed that the ER stress could be reduced by using 4-phenylbutyrate (4-PB). By alleviating this stress, they managed to suppress the onset of severe drug eruption symptoms. This newfound knowledge could form the basis for innovative treatment options for management of drug eruptions.

But how does this new information contrast with what was already known about HLA? "HLA molecules are an integral component of our immune system, that typically present foreign antigens to white blood cells, which judge these antigens as self or non-self. In this established role, HLAs are usually secondary players," explains Dr. Aoki. "However, our research highlights a novel function of the HLA molecule within skin cells. We revealed that a specific HLA genotype in keratinocytes can recognize certain drugs as foreign, triggering an endoplasmic reticulum stress response."

Taken together, the findings of this study uncover a new role of HLA proteins in sensing and responding to potential threats in skin cells. Thus, their functions may extend well beyond mere antigen presentation for the immune system. Moreover, considering that the variant of HLA possessed by an individual can be determined through genetic testing, this study could help develop preventive measures and diagnostics against severe adverse drug reactions. According to Dr. Aoki, this is in line with current research directions and trends in medical science. "In 10 years, we anticipate entering the 'whole genome era,' where personalized medicine based on individual genomes will become a standard practice," he comments. He further adds, "Building on the findings of this study, we believe that a comprehensive understanding of the mechanism underlying HLA-dependent adverse drug reactions will enable the delivery of safe medical care, allowing patients to avoid unnecessary suffering due to side effects."

Overall, future investigations in this research area might minimize the occurrence of drug eruptions and save people from potentially fatal adverse drug reactions.

About Dr. Shigeki Aoki Dr. Shigeki Aoki is a lecturer at the Graduate School of Pharmaceutical Sciences, Chiba University, Japan. His research focuses mainly on cancer metabolism and drug toxicity. He has authored multiple papers published in reputed journals. Dr. Aoki is a member of various professional bodies in Japan. He has also received several awards for his research, including the Award for Young Scientists conferred by The Pharmaceutical Society of Japan.
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Longer sprint intervals can improve muscle oxygen utilization compared to shorter intervals | ScienceDaily
Physical activities like jogging, walking, cycling, and sprinting are activities known to engage the musculoskeletal system and result in the utilization of energy. Sprint interval training (SIT) is a type of sprinting exercise that involves cycles of intense exercise followed by a short duration of rest. How the durations of exercise and rest are structured can affect the impact of SIT on physiological responses. In recent years, the field of sports physiology has witnessed increased interest in optimizing SIT protocols. This surge can enhance the recognition of SIT's efficacy in improving athletic performance and overall well-being, highlighting its versatility as a tool for promoting health and fitness.


						
Now, in an effort to highlight the benefits of SIT, a team of researchers from Japan, comprising Dr. Takaki Yamagishi from the Department of Sport Science and Research, Japan Institute of Sports Sciences and Human Performance Laboratory at the Comprehensive Research Organization at Waseda University, and Professor Yasuo Kawakami who directs the Human Performance Lab and is from the Faculty of Sport Sciences, Waseda University, conducted SIT experiments with healthy human volunteers in a recent study. This study was published online in Medicine & Science in Sports & Exercise journal on March 7, 2024.

Explaining the motivation behind their research work, Yamagishi says, "Establishing a minimum dose of exercise training to bring about training benefits, such as aerobic fitness, has been one of my main research interests. Due to the support from Prof. Kawakami and other co-authors, along with the collaboration with Waseda University, this unique research work using a multifaceted approach was possible."

The team of researchers matched two different sprint interval exercises (SIE) for the total duration of sprint and sprint-to-rest ratio. They analyzed the influence of SIE on physiological and metabolic responses by examining pulmonary oxygen uptake (VO2) levels and changes in tissue oxygenation index ([?]TOI) in thigh muscles. Additionally, they utilized the T2-weighted magnetic resonance imaging (MRI) technique to assess the activation of thigh muscles.

The researchers highlight that SIE20, comprising of two 20-second sprints with 160-second recovery, outperformed SIE10, which involved four 10-second sprints with 80-second recovery. While both the SIE protocols significantly increased whole-body and peripheral oxidative metabolism and the activation of the major thigh muscles, as indicated by the increases in VO2 levels, [?]TOI and MRI T2 values, respectively, greater peripheral oxidative metabolism was achieved with SIE20. They also observed that successive sprint repetitions in SIE10 did not correlate with greater oxidative metabolism.

Elaborating on the real-life applications and impact of the present research, Yamagishi says, "In today's fast-moving world, lack of time is a major hindrance to regular physical activity. However, the exercise modalities employed in our study require less than 15 minutes to complete and provide considerable health benefits."

In summary, the findings from this study can address important research gaps in SIT, such as the effects of minimum sprint duration and repetitions on aerobic and metabolic responses in humans. In-depth studies on low-volume SIT have the potential to improve training programs and exercise regimens. Sharing his concluding thoughts, Yamagishi says, "Exercise guidelines proposed by major organizations such as the American College of Sports Medicine are updated every 5 to 10 years, and we are hopeful that our study can be a part of it. Future studies on SIE can build on our findings to establish the dose-response relationship between exercise volume or intensity and the degree of training adaptations."
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Fighting fat and inflammation: Scientists develop powerful new compounds | ScienceDaily
Obesity and inflammatory diseases are increasing in prevalence and contribute to the growing burden of lifestyle disorders such as diabetes and hypertension. There is a lack of naturally derived alternatives to tackle these issues. Researchers from Tokyo University of Science have synthesized novel amino acid derivatives of menthol and studied its properties. The menthyl esters showed exceptional anti-inflammatory and anti-obesity activities during preclinical studies and can be developed as therapeutic compounds with further research.


						
Modified derivatives of natural products have led to significant therapeutic advances and commercial success in recent times. Menthol is a naturally occurring cyclic monoterpene alcohol found in various plants, particularly in members of the mint family such as peppermint and spearmint. It is a common ingredient found in a wide range of confectionaries, chewing gums and oral care products. Interestingly, menthol also has high medicinal value due to its analgesic, anti-inflammatory, and anti-cancer effects.

In a recent study, a team of researchers led by Professor Gen-ichiro Arimura from the Department of Biological Science and Technology, Tokyo University of Science, Japan, developed and investigated menthyl esters of valine (MV) and isoleucine (MI), which are derived from menthol by replacing its hydroxyl group with valine and isoleucine, respectively.

Their research findings were published in the Immunology journal on May 08, 2024. Sharing the motivation behind the present work, Prof. Arimura says, "The functional components of plants that contribute to human health have always intrigued me. Discovering new molecules from natural materials inspired our research team to develop these amino acid derivatives of menthol."

The researchers began by synthesizing menthyl esters of six amino acids characterized by less-reactive side chains. Subsequently, they assessed the properties of these esters using in vitro cell line studies. Finally, they conducted experiments in mice to explore the effects of these compounds under induced disease conditions. The exceptional anti-inflammatory profiles of MV and MI was determined by assessing the transcript levels of tumor necrosis factor-a (Tnf) in stimulated macrophage cells. Remarkably, both MV and MI outperformed menthol in the anti-inflammatory assay. RNA sequencing analysis revealed that 18 genes involved in inflammatory and immune responses were effectively suppressed.

Elated with their findings, the researchers went a step further and investigated the mechanism of action of the menthyl esters. They discovered that liver X receptor (LXR) -- an intracellular nuclear receptor, had an important role in the anti-inflammatory effects and this was independent of the cold-sensitive transient receptor TRPM8, which primarily detects menthol. Delving deeper into the LXR-dependant activation of MV and MI, they found that Scd1 gene -- central to lipid metabolism was upregulated by LXR. Moreover, in mice with induced intestinal colitis, the anti-inflammatory effects were further validated with suppressed transcript levels of Tnf and Il6 genes by MV or MI, in an LXR-dependent manner.

Driven by the discovery of LXR-SCD1 intracellular machinery, Prof. Arimura and his team hypothesized the menthyl esters to possess anti-obesity properties. They found that these esters inhibited adipogenesis-fat accumulation, specifically at the mitotic clonal expansion stage in 3T3-L1 adipocyte cells. During animal studies, the diet-induced obesity in mice was ameliorated and adipogenesis was suppressed.

Menthyl esters possess unique advantages compared to other anti-inflammatory or anti-obesity compounds currently being researched or used. Their specific mechanisms of action, that contribute to their dual anti-inflammatory and anti-obesity effects sets them apart from other compounds and may make them particularly effective in addressing both inflammatory conditions and metabolic disorders. They could benefit specific populations like individuals with chronic inflammatory conditions, metabolic syndrome, or obesity-related complications.

"Although this study focused on their functions and mechanisms of action in diseases modeled after inflammation and obesity, we expect that these compounds will also be effective against a wide range of lifestyle-related diseases caused by metabolic syndrome, such as diabetes and hypertension, as well as allergic symptoms," says Prof. Arimura optimistically.

In conclusion, this study underscores the importance and value of multi-faceted molecules derived from naturally occurring substances. Future research involving these novel and superior menthyl esters may result in therapeutic compounds to tackle the ever-growing health concerns of obesity and inflammatory conditions.
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New cardiac research will save women's lives by improving detection of heart failure | ScienceDaily
An important new study has advanced how heart failure is detected in women -- meaning more female patients can be diagnosed and at an earlier stage.


						
Researchers led by teams from the Universities of East Anglia (UEA), Sheffield and Leeds, have been able to fine-tune how magnetic resonance imaging (MRI) is used to detect heart failure in women's hearts, making it more accurate.

Lead author Dr Pankaj Garg, of the University of East Anglia's Norwich Medical School and a consultant cardiologist at the Norfolk and Norwich University Hospital, said: "By refining the method for women specifically, we were able to diagnose 16.5pc more females with heart failure.

"This could have huge impact in the NHS, which diagnoses around 200,000 patients with heart failure each year.

"This improved method will increase early detection, meaning more women can get life-saving treatment sooner."

In 2022, UEA and the University of Sheffield published research which showed how using MRI scans could be used to detect heart failure and which led to this technique being widely employed by medics.

When a heart starts to fail, it is unable to pump blood out effectively, and so the pressure in the heart rises.




Co-author Dr Gareth Matthews, of the University of East Anglia's Norwich Medical School, said: "Currently one of the best ways of diagnosing heart failure is to measure pressures inside the heart with a tube called a catheter.

"While this is very accurate, it is an invasive procedure, and therefore carries risks for patients, which limits its use.

"For this reason, doctors tend to use echocardiograms, which are based on ultrasound, to assess heart function, but this is inaccurate in up to 50 per cent of cases. Using MRI, we can get much more accurate images of how the heart is working."

The team was able to create an equation which allowed them to non-invasively derive the pressure in the heart using an MRI scanner.

However, previous use of this method wasn't as accurate as the researchers would have liked in diagnosing heart failure in women, especially in early or borderline disease.

Co-author Professor Andy Swift, of the University of Sheffield's School of Medicine and Population Health, said: "Women's hearts are biologically different to men's.




"Our work suggests that in heart failure women's hearts may respond differently in response to increases in pressure."

Heart failure can be classed differently, depending on the amount of blood squeezed out of the main chamber of the heart with every beat, known as the heart's ejection fraction.

Women suffer disproportionately from a type of heart failure where the pumping function of the heart is preserved but the ability of the heart to relax and fill with blood is impaired.

Echocardiography really struggles to diagnose this type of heart failure. The improvements in diagnosis from this new work will enable more of this particular cohort to be diagnosed more accurately and hopefully drive better treatments.

Co-author Dr Peter Swoboda, of the University of Leeds' Faculty of Medicine and Health, said: "The symptoms of heart failure, like breathlessness and fatigue, can have a devastating effect on patients' quality of life.

"We are increasingly recognising the importance of early diagnosis and, early treatment can improve symptoms and life expectancy.

"This research will help diagnose heart failure in women more quickly and get them established on life-saving treatments sooner."

The Government's Health and Social Care Secretary, Victoria Atkins, said: "Heart failure is a devastating condition affecting hundreds of thousands of women in the UK, so this research is a hugely positive development that could make it possible for thousands of people to get diagnosed and treated at an earlier stage.

"For the second year of our Women's Health Strategy for England, I have been clear that we need more research to look at the differences between how conditions affect men and women.

"I am delighted that this government-backed research has met this challenge so that we can get life-saving treatment to women faster."

The research was a collaboration between the University of East Anglia, the University of Leeds, the University of Sheffield, the Norfolk and Norwich University Hospital NHS Foundation Trust, the National Heart Research Institute Singapore, Duke-NUS Medical School in Singapore, Queen Mary University of London, the National Institute for Health and Care Research's Sheffield Biomedical Research Centre, the University of Amsterdam and Kocaeli City Hospital in Turkey.

It was funded by the National Institute for Health and Care Research (NIHR) Sheffield Biomedical Research Centre, the Wellcome Trust, and the National Medical Research Council (NMRC).
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Robots' and prosthetic hands' sense of touch could be as fast as humans | ScienceDaily
Research at Uppsala University and Karolinska Institutet could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. Their study has been published in the journal Science. The technology could also be used to help restore lost functionality to patients after a stroke.


						
"Our system can determine what type of object it encounters as fast as a blindfolded person, just by feeling it and deciding whether it is a tennis ball or an apple, for example," says Zhibin Zhang, docent at the Department of Electrical Engineering at Uppsala University.

He and his colleague Libo Chen performed the study in close cooperation with researchers from the Signals and Systems Division at Uppsala University, who provided data processing and machine learning expertise, and a group of researchers from the Department of Neurobiology, Care Sciences and Society, Division of Neurogeriatrics at Karolinska Institutet.

Drawing inspiration from neuroscience, they have developed an artificial tactile system that imitates the way the human nervous system reacts to touch. The system uses electrical pulses that process dynamic tactile information in the same way as the human nervous system. "With this technology, a prosthetic hand would feel like part of the wearer's body," Zhang explains.

The artificial system has three main components: an electronic skin (e-skin) with sensors that can detect pressure by touch; a set of artificial neurons that convert analogue touch signals into electrical pulses; and a processor that processes the signals and identifies the object. In principle, it can learn to identify an unlimited number of objects, but in their tests the researchers have used 22 different objects for grasping and 16 different surfaces for touching.

"We're also looking into developing the system so it can feel pain and heat as well. It should also be able to feel what material the hand is touching, for example, whether it is wood or metal," says Assistant Professor Libo Chen, who led the study.

According to the researchers, interactions between humans and robots or prosthetic hands can be made safer and more natural thanks to tactile feedback. The prostheses can also be given the ability to handle objects with the same dexterity as a human hand.

"The skin contains millions of receptors. Current e-skin technology cannot deliver enough receptors, but this technology makes it possible, so we would like to produce artificial skin for a whole robot," says Chen.

The technology could also be used medically, for example, to monitor movement dysfunctions caused by Parkinson's disease and Alzheimer's disease, or to help patients recover lost functionality after a stroke.

"The technology can be further developed to tell if a patient is about to fall. This information can be then used to either stimulate a muscle externally to prevent the fall or prompt an assistive device to take over and prevent it," says Zhang.
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Highly pathogenic avian flu detected in New York City wild birds | ScienceDaily
A small number of New York City wild birds carry highly pathogenic H5N1 avian influenza, according to a recent study published in the Journal of Virology,a journal of the American Society for Microbiology. The work highlights that the interface between animals and humans that may give rise to zoonotic infections or even pandemics is not limited to rural environments and commercial poultry operations, but extends into urban centers.


						
"To my knowledge, this is the first large-scale U.S. study of avian influenza in an urban area, and the first with active community involvement," said study co-author Christine Marizzi, PhD, principal investigator of the New York City Virus Hunters (NYCVH) Program, and BioBus director of community science, Harlem, New York City. "Birds are key to finding out which influenza and other avian viruses are circulating in the New York City area, as well as important for understanding which ones can be dangerous to both other birds and humans. And we need more eyes on the ground -- that's why community involvement is really critical."

The study came out of a program to monitor wild birds, which is a partnership between BioBus, the Icahn School of Medicine at Mount Sinai and the Wild Bird Fund. Through the program, local high school students partake in the research and communication efforts as paid interns under expert mentorship. Wearing appropriate protective gear, the students collect bird fecal samples in urban parks and green spaces. Additional samples from wild urban birds are submitted to the study by local animal rehabilitation centers such as the Wild Bird Fund and Animal Care Centers of New York. Students then help screen all samples in the Krammer laboratory at the Icahn School of Medicine at Mount Sinai for viruses.

In the study, the NYCVH collected and screened 1927 samples between January 2022 and November 2023 and picked up the H5N1 signal by detecting it in 6 city birds representing 4 different species. All the positive samples came from the urban wildlife rehabilitation centers, stressing the critical role such centers can play in viral surveillance. By comparing the genetic makeup of the samples to each other and other available H5N1 viruses in a public database, the researchers found that they were slightly different and belonged to 2 different genotypes, which are both a mix of Eurasian H5N1 2.3.4.4.b clade virus and local North American avian influenza viruses. New York City is a popular stopover location for migrating wild birds during their remarkable journey.

"It is important to mention that, because we found H5N1 in city birds, this does not signal the start of a human influenza pandemic. We know that H5N1 has been around in New York City for about 2 years and there have been no human cases reported," Marizzi said.

Marizzi said that in their outreach, they spread awareness about H5N1 in city birds and provide information about what people can do to protect themselves. "It's smart to stay alert and stay away from wildlife. This also includes preventing your pets from getting in close contact with wildlife," said Marizzi. If one must handle wildlife, it is important to always use safe practices any time when handling a sick or injured bird or other animals.
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Repurposed beer yeast may offer a cost-effective way to remove lead from water | ScienceDaily
Every year, beer breweries generate and discard thousands of tons of surplus yeast. Researchers from MIT and Georgia Tech have now come up with a way to repurpose that yeast to absorb lead from contaminated water.


						
Through a process called biosorption, yeast can quickly absorb even trace amounts of lead and other heavy metals from water. The researchers showed that they could package the yeast inside hydrogel capsules to create a filter that removes lead from water. Because the yeast cells are encapsulated, they can be easily removed from the water once it's ready to drink.

"We have the hydrogel surrounding the free yeast that exists in the center, and this is porous enough to let water come in, interact with yeast as if they were freely moving in water, and then come out clean," says Patricia Stathatou, a former postdoc at the MIT Center for Bits and Atoms, who is now a research scientist at Georgia Tech and an incoming assistant professor at Georgia Tech's School of Chemical and Biomolecular Engineering. "The fact that the yeast themselves are bio-based, benign, and biodegradable is a significant advantage over traditional technologies."

The researchers envision that this process could be used to filter drinking water coming out of a faucet in homes, or scaled up to treat large quantities of water at treatment plants.

MIT graduate student Devashish Gokhale and Stathatou are the lead authors of the study, which appears today in the journal RSC Sustainability. Patrick Doyle, the Robert T. Haslam Professor of Chemical Engineering at MIT, is the senior author of the paper, and Christos Athanasiou, an assistant professor of aerospace engineering at Georgia Tech and a former visiting scholar at MIT, is also an author.

Absorbing lead

The new study builds on work that Stathatou and Athanasiou began in 2021, when Athanasiou was a visiting scholar at MIT's Center for Bits and Atoms. That year, they calculated that waste yeast discarded from a single brewery in Boston would be enough to treat the city's entire water supply.




Through biosorption, a process that is not fully understood, yeast cells can bind to and absorb heavy metal ions, even at challenging initial concentrations below 1 part per million. The MIT team found that this process could effectively decontaminate water with low concentrations of lead. However, one key obstacle remained, which was how to remove yeast from the water after they absorb the lead.

In a serendipitous coincidence, Stathatou and Athanasiou happened to present their research at the AIChE Annual Meeting in Boston in 2021, where Gokhale, a student in Doyle's lab, was presenting his own research on using hydrogels to capture micropollutants in water. The two sets of researchers decided to join forces and explore whether the yeast-based strategy could be easier to scale up if the yeast were encapsulated in hydrogels developed by Gokhale and Doyle.

"What we decided to do was make these hollow capsules -- something like a multivitamin pill, but instead of filling them up with vitamins, we fill them up with yeast cells," Gokhale says. "These capsules are porous, so the water can go into the capsules and the yeast are able to bind all of that lead, but the yeast themselves can't escape into the water."

The capsules are made from a polymer called polyethylene glycol (PEG), which is widely used in medical applications. To form the capsules, the researchers suspend freeze-dried yeast in water, then mix them with the polymer subunits. When UV light is shone on the mixture, the polymers link together to form capsules with yeast trapped inside.

Each capsule is about half a millimeter in diameter. Because the hydrogels are very thin and porous, water can easily pass through and encounter the yeast inside, while the yeast remain trapped.

In this study, the researchers showed that the encapsulated yeast could remove trace lead from water just as rapidly as the unencapsulated yeast from Stathatou and Athanasiou's original 2021 study.




Scaling up

Led by Athanasiou, the researchers tested the mechanical stability of the hydrogel capsules and found that the capsules and the yeast inside can withstand forces similar to those generated by water running from a faucet. They also calculated that the yeast-laden capsules should be able to withstand forces generated by flows in water treatment plants serving several hundred residences.

"Lack of mechanical robustness is a common cause of failure of previous attempts to scale-up biosorption using immobilized cells; in our work we wanted to make sure that this aspect is thoroughly addressed from the very beginning to ensure scalability," Athanasiou says.

After assessing the mechanical robustness of the yeast-laden capsules, the researchers constructed a proof-of-concept packed-bed biofilter, capable of treating trace lead-contaminated water and meeting U.S. Environmental Protection Agency drinking water guidelines while operating continuously for 12 days.

This process would likely consume less energy than existing physicochemical processes for removing trace inorganic compounds from water, such as precipitation and membrane filtration, the researchers say.

This approach, rooted in circular economy principles, could minimize waste and environmental impact while also fostering economic opportunities within local communities. Although numerous lead contamination incidents have been reported in various locations in the United States, this approach could have an especially significant impact in low-income areas that have historically faced environmental pollution and limited access to clean water, and may not be able to afford other ways to remediate it, the researchers say.

"We think that there's an interesting environmental justice aspect to this, especially when you start with something as low-cost and sustainable as yeast, which is essentially available anywhere," Gokhale says.

The researchers are now exploring strategies for recycling and replacing the yeast once they're used up, and trying to calculate how often that will need to occur. They also hope to investigate whether they could use feedstocks derived from biomass to make the hydrogels, instead of fossil-fuel-based polymers, and whether the yeast can be used to capture other types of contaminants.

"Moving forward, this is a technology that can be evolved to target other trace contaminants of emerging concern, such as PFAS or even microplastics," Stathatou says. "We really view this as an example with a lot of potential applications in the future."

The research was funded by the Rasikbhai L. Meswani Fellowship for Water Solutions, the MIT Abdul Latif Jameel Water and Food Systems Lab (J-WAFS), and the Renewable Bioproducts Institute at Georgia Tech.
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Alzheimer's disease without symptoms: How is that possible? | ScienceDaily
Everyone experiences aging in their own way, and factors such as genetics, lifestyle and environment play a role in this process. Some individuals reach the age of 90 or even 100 in good health, without medications or brain disease. But how do these individuals maintain their health as they age?


						
Luuk de Vries from Joost Verhaagen's group, and his colleagues Dick Swaab and Inge Huitinga, looked at brains from the Netherlands Brain Bank. The Netherlands Brain Bank stores brain tissue from more than 5,000 deceased brain donors with a wide range of different brain diseases. What makes the Netherlands Brain Bank so unique is that, in addition to the stored tissue with very precise neuropathological diagnoses, they also keep the documented medical history and detailed disease course with the symptoms of each donor.

Resilient group

The team found a subgroup of people who had Alzheimer's disease processes in their brains, but did not show any clinical symptoms while alive. A so-called 'resilient' group. But how is it possible that they did not experience any symptoms while others did?

Luuk de Vries: 'what is happening in these people at a molecular and cellular level was not clear yet. We therefore searched for donors with brain tissue abnormalities who did not show cognitive decline in the Brain Bank. Of all the donors we found 12, so it is quite rare. We think that genetics and lifestyle play an important role in resilience, but the exact mechanism is still unknown.'

Keep challenging yourself

'Exercise or being cognitively active and having a lot of social contacts can help in delaying the onset of Alzheimer's disease. It has recently also been found that those who receive a lot of cognitive stimuli, like through a complex job, can build up more Alzheimer's pathology before developing symptoms. If we can find the molecular basis for resilience, then we have new starting points for the development of medication, which could activate processes related to resilience in Alzheimer's patients.'

Alzheimer's versus resilient group

'When we looked at gene expression, we saw that a number of processes were altered in the resilient group. First of all, the astrocytes appeared to produce more of the antioxidant metallothionein. Astrocytes are like garbage collectors and provide a protective role for the brain. Astrocytes often also ask for help from microglia, but because they can be quite aggressive, they sometimes worsen inflammation. In the resilient group a microglia pathway that's often linked to Alzheimer's disease appeared to be less active. In addition, we saw that the so-called "unfolded protein response," a reaction in brain cells that automatically removes a misfolded toxic protein, was affected in Alzheimer's patients, but was relatively normal in resilient individuals. Finally, we found indicators that there may also be more mitochondria in the brain cells resilient individuals, which ensures better energy production.'

But what do these differences in processes mean? And is there cause or effect? 'It remains difficult to determine from human data which process initiates the disease process. You can only demonstrate this by changing something in cells or animal models and seeing what happens next. That is the first thing we have to do now.'
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An astrocytic pH regulator that can repair the blood-brain barrier and reverse brain damage caused by ischemic stroke | ScienceDaily
Ischemic stroke is a leading cause of death and disability, affecting about 15 million worldwide each year. Among the various factors contributing to the pathogenesis of this condition is the loss of the blood-brain barrier, a highly selective protective cellular barrier that prevents harmful chemicals from entering the brain through the blood. Understanding the mechanisms that regulate the integrity of the blood-brain barrier, developing strategies to repair it, and reversing brain damage will have far-reaching benefits for patients suffering from stroke and related neurological conditions.


						
A recent study from the laboratory of Dr. Hyun Kyoung Lee, associate professor at Baylor College of Medicine and an investigator at the Jan and Dan Duncan Neurological Research Institute (Duncan NRI) at Texas Children's Hospital, has found that an ion transporter protein that regulates the pH of specific brain cells can repair the blood-brain barrier and restore normal brain function after ischemic stroke.

The study, published in Cell Reports, is the first to reveal novel and specific therapeutic targets for ischemic stroke and related brain conditions for which no targeted treatments exist currently.

The blood-brain barrier and pH regulation are disrupted in stroke and other neurological conditions

"Disruption of blood-brain barrier integrity is a pathophysiological hallmark of stroke and several devastating neurological disorders," Dr. Lee, a Cynthia and Anthony G. Petrello Endowed Scholar in Neurological Research, said. "A damaged blood-brain barrier often leads to severe consequences such as brain edema, neuronal damage, and eventually, motor and cognitive deficits. Very little was known about how stroke damages the blood-brain barrier prior to this study.

While endothelial cells form the core of the blood-brain barrier, emerging evidence suggests astrocytes, which are the most abundant and diverse type of support cells in the central nervous system, play a critical role in maintaining the integrity of this structure.

In addition to this barrier, a strict balance of pH (a measure of acidity or alkalinity of a solution) within the brain cells and their surrounding environment is crucial for optimal brain function. Dysregulation of pH homeostasis in the brain is often implicated in a range of neurological conditions.




Ischemic stroke injury is associated with a drastic reduction in pH. However, until this study, the precise reason for this alteration and the role of astrocytes in this process was not known.

Astrocytic Slc4a4 plays a critical role in the maintenance of the blood-brain barrier

Previous studies have demonstrated that a sodium-carbonate cotransporter 1 (Slc4a4), which is enriched in the astrocytes, is responsible for shuttling acid-base ions across the cell membrane in a bidirectional manner to regulate both intra- and extracellular pH in response to internal and external stimuli. Moreover, patients with Slc4a4 variants have been associated with many brain disorders, including ischemic stroke.

This is the first study to investigate whether and how Slc4a4 governs astrocyte-endothelial cell interaction in blood-brain barrier maintenance and repair after stroke.

To test the biological role of Slc4a4, the Duncan NRI team generated a conditional mouse model of Slc4a4 using which they could specifically delete the expression of this gene in the brain astrocytes during development and in adult mice.

Using this mouse model, they found that deleting Slc4a4 from astrocytes altered their structure and function. "We found that the brain vasculature was altered in the absence of astrocytic Slc4a4 -- there was >40% increase in the diameter of the blood vessels in the brain, a three-fold increase in the number of small molecules that were able to infiltrate the brain along with the loss of junctional markers -- which together provided compelling evidence that the blood-brain barrier was disrupted in the absence of astrocytic Slc4a4 in these mice," Dr. Qi Ye, lead author and postdoctoral fellow in the Lee lab said.




Slc4a4 is critical for remodeling the blood-brain barrier after ischemic stroke

To test if astrocytic Slc4a4 was important for remodeling the blood-brain barrier after ischemic stroke, they used a cortical photothrombotic stroke model in Slc4a4 animal models. This stroke injury model in animals closely mimics the size, location, as well as reactive gliosis, a scar-like inflammatory response to ischemic stroke injury in human brains.

In this model using multi-omics analyses, they found that loss of astrocytic Slc4a4 increased the secretion of a CCL2, a pro-inflammatory molecule, which activated the CCR2 receptor present on the nearby endothelial cells to increase permeability, damaging the blood-brain barrier and increasing leakage between the two cell types. Finally, they found this breakdown of the blood-brain barrier was mediated by increased levels of specific metabolites (arginine and nitrous oxide) caused by changes in astrocytic pH levels.

"By revealing the precise mechanism and key players involved in the breakdown of the blood-brain barrier after stroke, this study has opened potential new avenues to treat ischemic stroke and several associated brain pathologies," Dr. Lee said. "It is promising that key players identified in this pathway -- the Slc4a4 transporter protein, the CCL2-CCR2 axis as well the metabolites -- are 'druggable' and can be developed into potential therapeutic targets."
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Researchers use artificial intelligence to boost image quality of metalens camera | ScienceDaily
Researchers have leveraged deep learning techniques to enhance the image quality of a metalens camera. The new approach uses artificial intelligence to turn low-quality images into high-quality ones, which could make these cameras viable for a multitude of imaging tasks including intricate microscopy applications and mobile devices.


						
Metalenses are ultrathin optical devices -- often just a fraction of a millimeter thick -- that use nanostructures to manipulate light. Although their small size could potentially enable extremely compact and lightweight cameras without traditional optical lenses, it has been difficult to achieve the necessary image quality with these optical components.

"Our technology allows our metalens-based devices to overcome the limitations of image quality," said research team leader Ji Chen from Southeast University in China. "This advance will play an important role in the future development of highly portable consumer imaging electronics and can also be used in specialized imaging applications such as microscopy."

In Optica Publishing Group journal Optics Letters, the researchers describe how they used a type of machine learning known as a multi-scale convolutional neural network to improve resolution, contrast and distortion in images from a small camera -- about 3 cm x 3 cm x 0.5 cm -- they created by directly integrating a metalens onto a CMOS imaging chip.

"Metalens-integrated cameras can be directly incorporated into the imaging modules of smartphones, where they could replace the traditional refractive bulk lenses," said Chen. "They could also be used in devices such as drones, where the small size and lightweight camera would ensure imaging quality without compromising the drone's mobility."

Enhancing image quality

The camera used in the new work was previously developed by the researchers and uses a metalens with 1000-nm tall cylindrical silicon nitride nano-posts. The metalens focuses light directly onto a CMOS imaging sensor without requiring any other optical elements. Although this design created a very small camera the compact architecture limited the image quality. Thus, the researchers decided to see if machine learning could be used to improve the images.




Deep learning is a type of machine learning that uses artificial neural networks with multiple layers to automatically learn features from data and make complex decisions or predictions. The researchers applied this approach by using a convolution imaging model to generate a large number of high- and low-quality image pairs. These image pairs were used to train a multi-scale convolutional neural network so that it could recognize the characteristics of each type of image and use that to turn low-quality images into high-quality images.

"A key part of this work was developing a way to generate the large amount of training data needed for the neural network learning process," said Chen. "Once trained, a low-quality image can be sent from the device to into the neural network for processing, and high-quality imaging results are obtained immediately."

Applying the neural network 

To validate the new deep learning technique, the researchers used it on 100 test images. They analyzed two commonly used image processing metrics: the peak signal-to-noise ratio and the structural similarity index. They found that the images processed by the neural network exhibited a significant improvement in both metrics. They also showed that the approach could rapidly generate high-quality imaging data that closely resembled what was captured directly through experimentation.

The researchers are now designing metalenses with complex functionalities -- such as color or wide-angle imaging -- and developing neural network methods for enhancing the imaging quality of these advanced metalenses. To make this technology practical for commercial application would require new assembly techniques for integrating metalenses into smartphone imaging modules and image quality enhancement software designed specifically for mobile phones.

"Ultra-lightweight and ultra-thin metalenses represent a revolutionary technology for future imaging and detection," said Chen. "Leveraging deep learning techniques to optimize metalens performance marks a pivotal developmental trajectory. We foresee machine learning as a vital trend in advancing photonics research."
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A simple quantum internet with significant possibilities | ScienceDaily
It's one thing to dream up a quantum internet that could send hacker-proof information around the world via photons superimposed in different quantum states. It's quite another to physically show it's possible.


						
That's exactly what Harvard physicists have done, using existing Boston-area telecommunication fiber, in a demonstration of the world's longest fiber distance between two quantum memory nodes to date. Think of it as a simple, closed internet between point A and B, carrying a signal encoded not by classical bits like the existing internet, but by perfectly secure, individual particles of light.

The groundbreaking work, published in Nature, was led by Mikhail Lukin, the Joshua and Beth Friedman University Professor in the Department of Physics, in collaboration with Harvard professors Marko Loncar and Hongkun Park, who are all members of the Harvard Quantum Initiative, alongside researchers at Amazon Web Services.

The Harvard team established the practical makings of the first quantum internet by entangling two quantum memory nodes separated by optical fiber link deployed over a roughly 22-mile loop through Cambridge, Somerville, Watertown, and Boston. The two nodes were located a floor apart in Harvard's Laboratory for Integrated Science and Engineering.

Quantum memory, analogous to classical computer memory, is an important component of an interconnected quantum computing future because it allows for complex network operations and information storage and retrieval. While other quantum networks have been created in the past, the Harvard team's is the longest fiber network between devices that can store, process and move information.

Each node is a very small quantum computer, made out of a sliver of diamond that has a defect in its atomic structure called a silicon-vacancy center. Inside the diamond, carved structures smaller than a hundredth the width of a human hair enhance the interaction between the silicon-vacancy center and light.

The silicon-vacancy center contains two qubits, or bits of quantum information: one in the form of an electron spin used for communication, and the other in a longer-lived nuclear spin used as a memory qubit to store entanglement (the quantum-mechanical property that allows information to be perfectly correlated across any distance). Both spins are fully controllable with microwave pulses. These diamond devices -- just a few millimeters square -- are housed inside dilution refrigeration units that reach temperatures of -459 Fahrenheit.




Using silicon-vacancy centers as quantum memory devices for single photons has been a multi-year research program at Harvard. The technology solves a major problem in the theorized quantum internet: signal loss that can't be boosted in traditional ways. A quantum network cannot use standard optical-fiber signal repeaters because copying of arbitrary quantum information is impossible -- making the information secure, but also very hard to transport over long distances.

Silicon vacancy center-based network nodes can catch, store and entangle bits of quantum information while correcting for signal loss. After cooling the nodes to close to absolute zero, light is sent through the first node and, by nature of the silicon vacancy center's atomic structure, becomes entangled with it.

"Since the light is already entangled with the first node, it can transfer this entanglement to the second node," explained first author Can Knaut, a Kenneth C. Griffin Graduate School of Arts and Sciences student in Lukin's lab. "We call this photon-mediated entanglement."

Over the last several years, the researchers have leased optical fiber from a company in Boston to run their experiments, fitting their demonstration network on top of the existing fiber to indicate that creating a quantum internet with similar network lines would be possible.

"Showing that quantum network nodes can be entangled in the real-world environment of a very busy urban area, is an important step towards practical networking between quantum computers," Lukin said.

A two-node quantum network is only the beginning. The researchers are working diligently to extend the performance of their network by adding nodes and experimenting with more networking protocols.
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Iconic baobabs: The origin and long-distance travels of upside down trees | ScienceDaily


						The iconic baobabs, also known as upside-down trees, or the tree of life, have much cultural significance, inspiring innumerable arts, folklore, and traditions. A research published in Nature, involving international collaboration between Wuhan Botanical Garden (China), Royal Botanic Gardens (Kew, UK), University of Antananarivo (Madagascar) and Queen Mary University of London (UK) reveal a remarkable example of species radiation in Madagascar followed by long distance dispersal to Africa and Australia. With speciation, an astonishing divergence of pollination mechanisms evolved, that exploit hawkmoths, bats and lemurs for a simple nectar reward.


						
The charismatic baobabs have astonishing growth forms, reaching huge sizes with massive trunks, but apparently diminutive crowns, giving them their iconic appearance as upside-down trees. The team first assembled the genomes of the eight recognised species and worked out their patterns of speciation. They then analysed the genomes themselves and discovered that the ancestor of all eight species most likely radiated in Madagascar, where they made hybrids, before two species underwent astonishing long-distance travels, one to Africa and another to Australia. In that radiation the species evolved different flower structures to attract hawkmoths, lemurs and bats.

Quote: Professor Andrew Leitch at Queen Mary University of London said, "We were delighted to be involved in this project uncovering patterns of baobab speciation in Madagascar followed by the astonishing long-distance dispersal of two species, one to Africa and another to Australia. This was accompanied by the evolution of some fascinating pollination syndromes involving hawkmoths, lemurs and bats."

Quote: Dr. Ilia Leitch at Royal Botanic Garden Kew said, "This work has uncovered new insights into the patterns of speciation in baobabs and shows how climate change has influenced baobab distribution and speciation patterns over millions of years."

Quote: Husband and wife team Andrew and Ilia Leitch at Queen Mary University of London and Royal Botanic Gardens Kew said. 'We were delighted to be involved in this project uncovering patterns of baobab speciation in Madagascar before the astonishing long-distance dispersal of two species, one to Africa and another to Australia. The work also provides new insights into how climate change has influenced baobab distribution and speciation patterns over millions of years'.
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First 'warm-blooded' dinosaurs may have emerged 180 million years ago | ScienceDaily
The ability to regulate body temperature, a trait all mammals and birds have today, may have evolved among some dinosaurs early in the Jurassic period about 180 million years ago, suggests a new study led by UCL and University of Vigo researchers.


						
In the early 20th century, dinosaurs were considered slow-moving, "cold-blooded" animals like modern-day reptiles, relying on heat from the sun to regulate their temperature. Newer discoveries indicate some dinosaur types were likely capable of generating their own body heat but when this adaptation occurred is unknown.

The new study, published in the journal Current Biology, looked at the spread of dinosaurs across different climates on Earth throughout the Mesozoic Era (the dinosaur era lasting from 230 to 66 million years ago), drawing on 1,000 fossils, climate models and the geography of the period, and dinosaurs' evolutionary trees.

The research team found that two of the three main groupings of dinosaurs, theropods (such as T. rex and Velociraptor) and ornithischians (including relatives of the plant eaters Stegosaurus and Triceratops), moved to colder climates during the Early Jurassic, suggesting they may have developed endothermy (the ability to internally generate heat) at this time. In contrast, sauropods, the other main grouping which includes the Brontosaurus and the Diplodocus, kept to warmer areas of the planet.

Previous research has found traits linked to warm-bloodedness among ornithischians and theropods, with some known to have had feathers or proto-feathers, insulating internal heat.

First author Dr Alfio Alessandro Chiarenza, of UCL Earth Sciences, said: "Our analyses show that different climate preferences emerged among the main dinosaur groups around the time of the Jenkyns event 183 million years ago, when intense volcanic activity led to global warming and extinction of plant groups.

"At this time, many new dinosaur groups emerged. The adoption of endothermy, perhaps a result of this environmental crisis, may have enabled theropods and ornithischians to thrive in colder environments, allowing them to be highly active and sustain activity over longer periods, to develop and grow faster and produce more offspring."

Co-author Dr Sara Varela, of the Universidade de Vigo, Spain, said: "Theropods also include birds and our study suggests that birds' unique temperature regulation may have had its origin in this Early Jurassic epoch.




"Sauropods, on the other hand, which stayed in warmer climates, grew to a gigantic size at around this time -- another possible adaptation due to environmental pressure. Their smaller surface area to volume ratio would have meant these larger creatures would lose heat at a reduced rate, allowing them to stay active for longer."

In the paper, the researchers also investigated if sauropods might have stayed at lower latitudes to eat richer foliage unavailable in colder polar regions. Instead, they found sauropods seemed to thrive in arid, savannah-like environments, supporting the idea that their restriction to warmer climates was more related to higher temperature and then to a more cold-blooded physiology. During that time, polar regions were warmer, with abundant vegetation.

The Jenkyns event occurred after lava and volcanic gasses erupted from long fissures in the Earth's surface, covering large areas of the planet.

Co-author Dr Juan L. Cantalapiedra, of the Museo Nacional de Ciencias Naturales, Madrid, Spain, said: "This research suggests a close connection between climate and how dinosaurs evolved. It sheds new light on how birds might have inherited a unique biological trait from dinosaur ancestors and the different ways dinosaurs adapted to complex and long-term environmental changes."

The study involved researchers from UCL, University of Vigo, the University of Bristol and the Museo Nacional de Ciencias Naturales in Madrid, and received funding from the European Research Council, the Spanish Ministry of Research, the Natural Environment Research Council and the Royal Society.
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        How did sabre-toothed tigers acquire their long upper canine teeth?
        In a groundbreaking study an international team of scientists has investigated the evolutionary patterns behind the development of sabre teeth, with some unexpected results along the way.

      

      
        Why do we overindulge?
        If you tend to do other things or get distracted while eating dinner, you may be running the risk of over-consuming everyday pleasures later, possibly because the distraction caused you to enjoy yourself less, according to new research.

      

      
        When saying 'please' is more strategic than magic
        By kindergarten age, most children have been taught that 'please' is a magic word. 'Please' is an expression of politeness that shows courtesy and respect, turning a potential demand into a request that will -- poof! -- magically be granted. But a new study on the ways people make requests of one another suggests that 'please' might not be an all-purpose marker of politeness, but rather a more focused, strategic tool to manage frictions or obstacles among family members, friends and even coworker...

      

      
        Jet-propelled sea creatures could improve ocean robotics
        Scientists have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.

      

      
        Robotic 'SuperLimbs' could help moonwalkers recover from falls
        SuperLimbs, a system of wearable robotic limbs, can physically support an astronaut and lift them back on their feet after a fall, helping them conserve energy for other essential tasks.

      

      
        Wavefunction matching for solving quantum many-body problems
        Strongly interacting systems play an important role in quantum physics and quantum chemistry. Stochastic methods such as Monte Carlo simulations are a proven method for investigating such systems. However, these methods reach their limits when so-called sign oscillations occur. This problem has now been solved using the new method of wavefunction matching.

      

      
        Animal brain inspired AI game changer for autonomous robots
        A team of researchers has developed a drone that flies autonomously using neuromorphic image processing and control based on the workings of animal brains. Animal brains use less data and energy compared to current deep neural networks running on GPUs (graphic chips). Neuromorphic processors are therefore very suitable for small drones because they don't need heavy and large hardware and batteries. The results are extraordinary: during flight the drone's deep neural network processes data up to 6...

      

      
        The crystallization of memory: Study reveals how practice forms new memory pathways in the brain
        A new study has shown that repetitive practice not only is helpful in improving skills but also leads to profound changes in the brain's memory pathways.

      

      
        Detection of an Earth-sized exoplanet orbiting the ultracool dwarf star SPECULOOS-3
        Astronomers have just discovered a new Earth-sized exoplanet around SPECULOOS-3, an 'ultracool dwarf' star as small as Jupiter, twice as cold as our Sun, and located 55 light-years from Earth. After the famous TRAPPIST-1, SPECULOOS 3 is the second planetary system discovered around this type of star.

      

      
        Robots' and prosthetic hands' sense of touch could be as fast as humans
        Research could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. The technology could also be used to help restore lost functionality to patients after a stroke.

      

      
        Highly pathogenic avian flu detected in New York City wild birds
        A small number of New York City wild birds carry highly pathogenic H5N1 avian influenza, according to a recent study.

      

      
        An astrocytic pH regulator that can repair the blood-brain barrier and reverse brain damage caused by ischemic stroke
        A recent study has found that an ion transporter protein that regulates the pH of specific brain cells can repair the blood-brain barrier and restore normal brain function after ischemic stroke. The study has revealed novel and specific therapeutic targets for ischemic stroke and related brain conditions for which no targeted treatments exist currently.

      

      
        A simple quantum internet with significant possibilities
        It's one thing to dream up a quantum internet that could send hacker-proof information around the world via photons superimposed in different quantum states. It's quite another to physically show it's possible. That's exactly what physicists have done, using existing Boston-area telecommunication fiber, in a demonstration of the world's longest fiber distance between two quantum memory nodes to date.

      

      
        Iconic baobabs: The origin and long-distance travels of upside down trees
        The research cracks the code on the iconic baobab tree's origin story, revealing their surprising origins in Madagascar and incredible long-distance dispersals to Africa and Australia. The study unveils how baobabs developed unique pollination mechanisms -- some attracting hawkmoths, others lemurs, and even bats -- showcasing remarkable evolutionary adaptations. The research sheds light on how climate change has shaped the baobab's distribution and diversification over millions of years, offering...

      

      
        First 'warm-blooded' dinosaurs may have emerged 180 million years ago
        The ability to regulate body temperature, a trait all mammals and birds have today, may have evolved among some dinosaurs early in the Jurassic period about 180 million years ago. The new study looked at the spread of dinosaurs across different climates on Earth throughout the Mesozoic Era (the dinosaur era lasting from 230 to 66 million years ago), drawing on 1,000 fossils, climate models and the geography of the period, and dinosaurs' evolutionary trees.

      

      
        Scientists generate heat over 1,000 degrees Celsius with solar power instead of fossil fuel
        Instead of burning fossil fuels to smelt steel and cook cement, researchers in Switzerland want to use heat from the sun. The proof-of-concept study uses synthetic quartz to trap solar energy at temperatures over 1,000 C (1,832 F), demonstrating the method's potential role in providing clean energy for carbon-intensive industries.

      

      
        Virtual reality becomes more engaging when designers use cinematic tools
        Cinematography techniques can significantly increase user engagement with virtual environments and, in particular, the aesthetic appeal of what users see in virtual reality.

      

      
        WASP-193b, a giant planet with a density similar to that of cotton candy
        Astronomers have just discovered WASP-193b, an extraordinarily low-density giant planet orbiting a distant Sun-like star.

      

      
        Young whale's journey highlights threats facing ocean animals
        A young whale's journey across the Mediterranean highlights the many threats facing ocean animals, researchers say.

      

      
        People without an inner voice have poorer verbal memory
        The vast majority of people have an ongoing conversation with themselves, an inner voice, that plays an important role in their daily lives. But between 5-10 per cent of the population do not have the same experience of an inner voice, and they find it more difficult to perform certain verbal memory tasks, new research shows.

      

      
        Researchers discover the universe's oldest stars in our own galactic backyard
        Astronomers discovered three of the oldest stars in the universe, and they live in our own galactic neighborhood. The stars are in the Milky Way's 'halo' -- the cloud of stars that envelopes the entire main galactic disk -- and they appear to have formed between 12 and 13 billion years ago, when the very first galaxies were taking shape.

      

      
        2023 was the hottest summer in two thousand years
        Researchers have found that 2023 was the hottest summer in the Northern Hemisphere in the past two thousand years, almost four degrees warmer than the coldest summer during the same period.

      

      
        Mixed public opinion on polygenic embryo screening for IVF
        Survey reveals nearly three-quarters of U.S. adults support using emerging technology to screen embryos during IVF for risk of developing certain health conditions or traits that arise from more than one gene. Only about one-third of respondents approved of using the technology to predict traits unrelated to disease. Nearly all expressed concerns about potential negative outcomes for individuals or society. Findings underscore need for public education about benefits, limitations, ethical hazards...

      

      
        First case of highly pathogenic avian influenza transmitted from cow to human confirmed
        in March a farm worker who reported no contact with sick or dead birds, but who was in contact with dairy cattle, began showing symptoms in the eye and samples were collected by the regional health department to test for potential influenza A. Experts have now confirmed the first case of highly pathogenic avian influenza transmission from a mammal (dairy cow) to a human.

      

      
        Today's world: Fastest rate of carbon dioxide rise over the last 50,000 years
        Today's rate of atmospheric carbon dioxide increase is 10 times faster than at any other point in the past 50,000 years, researchers have found through a detailed chemical analysis of ancient Antarctic ice.

      

      
        Like dad and like mum...all in one plant
        Scientists have established a system to generate clonal sex cells in tomato plants and used them to design the genomes of offspring. The fertilization of a clonal egg from one parent by a clonal sperm from another parent led to plants containing the complete genetic information of both parents.

      

      
        What makes a memory? It may be related to how hard your brain had to work
        The human brain filters through a flood of experiences to create specific memories. Why do some of the experiences in this deluge of sensory information become 'memorable,' while most are discarded by the brain? A computational model and behavioral study developed by Yale scientists suggests a new clue to this age-old question, they report in the journal Nature Human Behavior.

      

      
        Nature's 3D printer: Bristle worms form bristles piece by piece
        Molecular biologists provide exciting insights into the bristles of the marine annelid worm Platynereis dumerilii. Specialized cells, so-called chaetoblasts, control the formation of the bristles. Their mode of operation is astonishingly similar to that of a technical 3D printer.

      

      
        Plant virus treatment shows promise in fighting metastatic cancers in mice
        An experimental treatment made from a plant virus is effective at protecting against a broad range of metastatic cancers in mice, shows a new study. The treatment, composed of nanoparticles fashioned from the cowpea mosaic virus -- a virus that infects black-eyed pea plants -- showed remarkable success in improving survival rates and suppressing the growth of metastatic tumors across various cancer models, including colon, ovarian, melanoma and breast cancer.

      

      
        AI systems are already skilled at deceiving and manipulating humans
        Many artificial intelligence (AI) systems have already learned how to deceive humans, even systems that have been trained to be helpful and honest. Researchers describe the risks of deception by AI systems and call for governments to develop strong regulations to address this issue as soon as possible.

      

      
        ONe novae stellar explosion may be source of our phosphorus
        Astronomers have proposed a new theory to explain the origin of phosphorus, one of the elements important for life on Earth. The theory suggests a type of stellar explosion known as ONe novae as a major source of phosphorus.

      

      
        How the brain is flexible enough for a complex world (without being thrown into chaos)
        Many neurons exhibit 'mixed selectivity,' meaning they can integrate multiple inputs and participate in multiple computations. Mechanisms such as oscillations and neuromodulators recruit their participation and tune them to focus on the relevant information.

      

      
        Squeezed by neighbors, planet glows with molten lava
        Astrophysicists discovered that an exoplanet is covered with so many active volcanoes that seen from a distance it would take on a fiery, glowing-red hue.

      

      
        A fragment of human brain, mapped in exquisite detail
        Researchers have created the largest synaptic-resolution, 3D reconstruction of a piece of human brain to date, showing in vivid detail each cell and its web of neural connections in a piece of human temporal cortex about half the size of a rice grain.
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How did sabre-toothed tigers acquire their long upper canine teeth? | ScienceDaily
In a groundbreaking study, an international team led by scientists from the University of Liege has investigated the evolutionary patterns behind the development of sabre teeth, with some unexpected results along the way. A study that enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence.


						
Sabre teeth, those iconic elongated upper canine teeth, have long fascinated both scientists and the general public, notably because they have appeared several times in the fossil record, including two particularly well-known lineages of sabre-toothed tigers: the felids (the family of our domestic cats, lions, tigers, etc.) and the nimravids (a completely extinct family). However, the process by which these lineages acquired their elongated upper canines remains rather unclear.

Narimane Chatar, lead author of the study, who completed her doctorate at the EDDy Lab at the University of Liege and is now a post-doctoral fellow at UC Berkeley in the United States, has led an ambitious study to uncover the secrets of sabre tooth evolution. Using state-of-the-art 3D scanners and analytical methods, the team meticulously collected and analysed data from a diverse set of current and extinct species. "We quantified the shape of 99 mandibles and 91 skulls, from different eras and continents, giving us a better understanding of the evolution of these animals," explains Dr Chatar. "Unlocking the secrets of sabre tooth evolution not only enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence," says Professor Valentin Fischer, Director of the EDDyLab at ULiege.

The study revealed some surprising results. The first is that rather than contrasting two distinct cranial morphologies in species with elongated upper canines and those with short teeth, there is instead a continuum of form linking the smallest present-day cats and their extinct sabre-toothed counterparts. "From a morphological point of view, the skull of a present-day small cat is just as strange and modified as that of a large sabre-toothed felid," says Dr Margot Michaud, a researcher at the University of French Guyana in Cayenne. These are therefore the two extremes of a continuum of forms that feline predators have seen evolve over geological time. "Our study suggests that what we often think of as examples of evolutionary patterns in textbooks are actually simplified for educational purposes. However, when we immerse ourselves in statistical analyses, we discover much more complex scenarios in these cases, as suggested by the results of our convergence tests," explains Davide Tamagnini, post-doctoral researcher at the University of Rome La Sapienza.

The second surprise concerns the path taken by evolution to produce sabre-toothed species. In fact, the team's work has revealed that sabre-toothed species show faster rates of morphological evolution at the start of their evolutionary history than species with shorter canines. "Among other fascinating discoveries, we have shown that craniomandibular integration in sabre-toothed species is reduced, facilitating greater adaptability and diversification in the jaw and cranial morphology," points out Margot Michaud. Thus, rapid morphological diversification and a fairly plastic skull have been identified as two key components that facilitated the emergence of elongated upper canines in both felids and nimravids. "As a result, there appears to be a common recipe for evolving into sabre-toothed feline-like predators," says Dr Chatar.

Finally, the team's research highlighted the decline of sabre-toothed forms as well as the broader trends of feline-like predators over the course of their evolutionary history. Despite the relatively recent extinction of sabre-toothed forms 'only' a few thousand years ago, feline predators have in fact been in decline since the Miocene epoch (between -23 and -5 million years ago). "Some of these feline predators, particularly the sabre-toothed species, rapidly occupied fairly specialised niches, which made them more susceptible to extinction," explains Dr Tamagnini. This phenomenon, known as 'ratchet' or macroevolutionary ratchet, has been proposed as a potential driver for the decline of certain groups, where evolution favours the loss of early generalised forms, leading to the emergence of more specialised, but also more vulnerable, forms later in the history of the lineage.

"Predators have their own evolutionary pathways and risks of extinction. Studying how ancient predators prospered and declined provides us with information about the possible futures of our ecosystems," concludes Professor Fischer.
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Why do we overindulge? | ScienceDaily
If you tend to do other things or get distracted while eating dinner, you may be running the risk of over-consuming everyday pleasures later, possibly because the distraction caused you to enjoy yourself less, according to research published by the American Psychological Association.


						
The study looked at how distraction affects "hedonic consumption," or buying and using products and experiences because they make us feel good and not necessarily because we need them.

"On any given day, a person may take great pleasure from one or more of these activities, yet people often consume more hedonic goods than they want or than is good for them," said lead author Stephen Lee Murphy, PhD, of Ghent University.

One reason for this overconsumption may be distraction, according to Murphy. When people are distracted while engaged in a hedonic activity, research suggests they are likely to experience less enjoyment from it than if they were fully focused. That may lead to feelings of dissatisfaction and drive more consumption to compensate for that shortfall.

The research was published in the Journal of Personality and Social Psychology.

To better understand the role of distraction in overconsumption, the researchers first conducted an experiment involving 122 participants (mostly female and mostly between the ages of 18 and 24) who reported on how much they expected to enjoy their lunch before eating it. They were then asked to eat their lunch under one of three conditions: no distraction, moderate distraction (watching a video), and high distraction (playing Tetris). After lunch, participants reported on their actual enjoyment, satisfaction, desire for further gratification and amount consumed. They also reported on their snacking later in the day.

Participants who ate while distracted reported lower enjoyment and satisfaction, which was associated with increased snacking afterward and a more general desire for further gratification.




The researchers believe that this proposed effect, which they called "hedonic compensation," likely applies to other activities beyond eating. For example, people who are distracted while watching a movie or playing a game may be more likely to engage in additional consumption (e.g., checking social media) to compensate for a diminished enjoyment of the original activity.

The researchers also followed 220 participants aged 18 to 71 (again mostly female) for a week to investigate this broader effect, beyond food. Participants filled out seven brief surveys per day via their smartphones regarding their hedonic consumption, distraction and satisfaction. As with the food-based experiment, researchers found that when people were distracted during consumption, they were likely to enjoy a product less than they hoped, felt less satisfied, and experienced an elevated need for further gratification.

"Overconsumption often results due to a lack of self-control," said Murphy. "However, our findings suggest overconsumption may also often be driven by the simple human desire to reach a certain level of enjoyment from an activity. When distraction gets in the way, it's likely we may try to compensate by consuming more."

Murphy and his colleagues plan to conduct further research to replicate and confirm the existence of a hedonic compensation effect. If additional research confirms the effect, they have plans to apply interventions that could help people pay more attention to their consumption experiences in an effort to lower the likelihood of overconsumption.

"By understanding the key drivers of hedonic overconsumption, we can develop strategies to help prevent its occurrence," said Murphy.
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When saying 'please' is more strategic than magic | ScienceDaily
By kindergarten age, most children have been taught that "please" is a magic word. "Please" is an expression of politeness that shows courtesy and respect, turning a potential demand into a request that will -- poof! -- magically be granted.


						
But a new study on the ways people make requests of one another suggests that "please" might not be an all-purpose marker of politeness, but rather a more focused, strategic tool to manage frictions or obstacles among family members, friends and even coworkers.

The study, published in Social Psychology Quarterly and authored by a team of sociologists from UCLA, shows that people say "please" much less often than expected, and mostly when they expect a "no" response is forthcoming.

Whether passing the butter or driving someone to the airport, non-strangers say "please" to each other to sweeten a request when they know the other is likely unwilling, either because they have resisted already or because they are busy doing something else.

The findings suggest there should be less effort put into teaching prescriptive, "one-word-fits-all" principles, and more focus on how to be sensitive to the particulars of a situation.

"Any generic rule -- like saying "please" and "thank you" -- doesn't take into account the specific situation, and may not always indicate respect or politeness," said Andrew Chalfoun, a graduate student studying sociology and lead author of the study. "It may also not be very effective."

Saying "please" could even be harmful in a given situation.




"In the wrong context, saying 'please' may run the risk of sounding pushy or dubious about another's willingness to help," Chalfoun said.

For the study, Chalfoun and UCLA sociologists Giovanni Rossi and Tanya Stivers took into account the words, facial expressions and behaviors observed in 17 hours of mostly informal, naturally occurring conversations that were recorded on video among family members, friends and coworkers, with a few exchanges involving strangers. The video cameras had been set up with participants' consent in homes, workplaces and outdoor areas for a previous study. The conversations took place during everyday activities across a range of settings such as meals, board games like "Catan," haircuts at a salon, food preparation and in the back room of a retail store. The conversations were in person among British and American English speakers from diverse racial, ethnic and socioeconomic backgrounds, and among various age groups. The study did not include business requests, like a customer ordering from a restaurant. They also did not include written or phone requests.

Out of more than a thousand distinct "request attempts" observed in the video-recorded interactions, "please" was used only 69 times, or 7% of the time, mostly when there was a foreseen obstacle to overcome, and not due to perceived subordination, need for deference, difference in gender or the relative size of a request.

In about half of the instances when someone asked for something with "please," it was because the person they were addressing had already indicated they were unwilling to act as requested or had previously refused. For example, a woman used "please" when asking her spouse to sit down at the dinner table after repeated requests went ignored.

In another third of cases, the person was engaged in an activity incompatible with what was being asked, i.e. in the middle of something else. For example, a man used "please" when asking his spouse to make soup stock, knowing she was busy washing baby bottles.

The researchers also found that children say "please" about as often as adults, and in similar situations. In the video observed by the researchers, a teenager used "please" to ask her mother to buy her a dress when she expected her to say no, because she had rejected a similar request previously. Evidence of the previous rejection came in her mother's reply after the "please," which was, "We've been through this before."

"Every community has explicit norms that define what counts as polite or respectful conduct, for example as taught to children or someone new to the community," Chalfoun said. "We're interested in understanding whether those norms are in fact followed in everyday life or there are other, more tacit norms that better explain people's conduct."

By observing how politeness actually works in everyday life, the team hopes to provide researchers with better models for how to understand the dynamics that underly social behavior.
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Jet-propelled sea creatures could improve ocean robotics | ScienceDaily
Scientists at the University of Oregon have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.


						
The research involves salps, small creatures that look similar to jellyfish that take a nightly journey from the depths of the ocean to the surface. Observing that migration with special cameras helped UO researchers and their colleagues capture the macroplankton's graceful, coordinated swimming behavior.

"The largest migration on the planet happens every single night: the vertical migration of planktonic organisms from the deep sea to the surface," said Kelly Sutherland, an associate professor in biology at the UO's Oregon Institute of Marine Biology, who led the research. "They're running a marathon every day using novel fluid mechanics. These organisms can be platforms for inspiration on how to build robots that efficiently traverse the deep sea."

The researchers' findings were published May 15 in the journal Science Advances. The study included collaborations from Louisiana Universities Marine Consortium, University of South Florida, Roger Williams University, Marine Biological Laboratory and Providence College.

Despite looking similar to jellyfish, salps are barrel-shaped, watery macroplankton that are more closely related to vertebrates like fish and humans, said Alejandro Damian-Serrano, an adjunct professor in biology at the UO. They live far from shore and can live either as solitary individuals or operate in colonies, he said. Colonies consist of hundreds of individuals linked in chains that can be up to several meters long.

"Salps are really weird animals," Damian-Serrano said. "While their common ancestor with us probably looked like a little boneless fish, their lineage lost a lot of those features and magnified others. The solitary individuals behave like this mothership that asexually breeds a chain of individual clones, cojoined together to produce a colony."

But the most unique thing about these ocean creatures was found during the researchers' ocean expeditions: their swimming techniques.




Exploring off the coast of Kailua-Kona, Hawaii, Sutherland and her team developed specialized 3D camera systems to bring their lab underwater. They conducted daytime scuba dives, "immersed in infinite blue," as Damian-Serrano described, for high visibility investigations.

They also performed nighttime dives, when the black backdrop allowed for high-contrast imaging of the transparent critters. They encountered an immense flurry of different salps that were doing their nightly migration to the surface -- and many photobombing sharks, squids and crustaceans, Sutherland noted.

Through imaging and recordings, the researchers noticed two modes of swimming. Where shorter colonies spun around an axis, like a spiraling football, longer chains would buckle and coil like a corkscrew. That's called helical swimming.

Helical swimming is nothing new in biology, Sutherland said. Many microorganisms also spin and corkscrew through water, but the mechanisms behind the salps' motion are different. Microbes beat water with hair-like projections or tail whips, but salps swim via jet propulsion, Sutherland said. They have contracting muscle bands, like those in the human throat, that pump water sucked from one side of the body and squirted out the other end to create thrust, Damian-Serrano said.

The researchers also noticed that individual jets contracted at different times, causing the whole colony to steadily travel without pause. The jets were also angled, contributing to the spinning and coil swimming, Sutherland said.

"My initial reaction was really one of wonder and awe," she said. "I would describe their motion as snake-like and graceful. They have multiple units pulsing at different times, creating a whole chain that moves very smoothly. It's a really beautiful way of moving."

Microrobots inspired by microbial swimmers already exist, Sutherland said, but this discovery paves the way for engineers to construct larger underwater vehicles. It may be possible to create robots that are silent and less turbulent when modeled after these efficient swimmers, Damian-Serrano said. A multijet design also may be energetically advantageous for saving fuel, he said.

Beyond microbes, larger organisms like plankton have yet to be described in this way, Sutherland said. With Sutherland's new and innovative methods of studying sea creatures, scientists might come to realize that helical swimming is more pervasive than previously thought.

"It's a study that opens up more questions than provides answers," Sutherland said. "There's this new way of swimming that hadn't been described before, and when we started the study we sought to explain how it works. But we found that there are a lot more open questions, like what are the advantages of swimming this way? How many different organisms spin or corkscrew?"
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Robotic 'SuperLimbs' could help moonwalkers recover from falls | ScienceDaily
Need a moment of levity? Try watching videos of astronauts falling on the moon. NASA's outtakes of Apollo astronauts tripping and stumbling as they bounce in slow motion are delightfully relatable.


						
For MIT engineers, the lunar bloopers also highlight an opportunity to innovate.

"Astronauts are physically very capable, but they can struggle on the moon, where gravity is one-sixth that of Earth's but their inertia is still the same. Furthermore, wearing a spacesuit is a significant burden and can constrict their movements," says Harry Asada, professor of mechanical engineering at MIT. "We want to provide a safe way for astronauts to get back on their feet if they fall."

Asada and his colleagues are designing a pair of wearable robotic limbs that can physically support an astronaut and lift them back on their feet after a fall. The system, which the researchers have dubbed Supernumerary Robotic Limbs or "SuperLimbs" is designed to extend from a backpack, which would also carry the astronaut's life support system, along with the controller and motors to power the limbs.

The researchers have built a physical prototype, as well as a control system to direct the limbs, based on feedback from the astronaut using it. The team tested a preliminary version on healthy subjects who also volunteered to wear a constrictive garment similar to an astronaut's spacesuit. When the volunteers attempted to get up from a sitting or lying position, they did so with less effort when assisted by SuperLimbs, compared to when they had to recover on their own.

The MIT team envisions that SuperLimbs can physically assist astronauts after a fall and, in the process, help them conserve their energy for other essential tasks. The design could prove especially useful in the coming years, with the launch of NASA's Artemis mission, which plans to send astronauts back to the moon for the first time in over 50 years. Unlike the largely exploratory mission of Apollo, Artemis astronauts will endeavor to build the first permanent moon base -- a physically demanding task that will require multiple extended extravehicular activities (EVAs).

"During the Apollo era, when astronauts would fall, 80 percent of the time it was when they were doing excavation or some sort of job with a tool," says team member and MIT doctoral student Erik Ballesteros. "The Artemis missions will really focus on construction and excavation, so the risk of falling is much higher. We think that SuperLimbs can help them recover so they can be more productive, and extend their EVAs."

Asada, Ballesteros, and their colleagues will present their design and study this week at the IEEE International Conference on Robotics and Automation (ICRA). Their co-authors include MIT postdoc Sang-Yoep Lee and Kalind Carpenter of the Jet Propulsion Laboratory.




Taking a stand

The team's design is the latest application of SuperLimbs, which Asada first developed about a decade ago and has since adapted for a range of applications, including assisting workers in aircraft manufacturing, construction, and ship building.

Most recently, Asada and Ballesteros wondered whether SuperLimbs might assist astronauts, particularly as NASA plans to send astronauts back to the surface of the moon.

"In communications with NASA, we learned that this issue of falling on the moon is a serious risk," Asada says. "We realized that we could make some modifications to our design to help astronauts recover from falls and carry on with their work."

The team first took a step back, to study the ways in which humans naturally recover from a fall. In their new study, they asked several healthy volunteers to attempt to stand upright after lying on their side, front, and back.

The researchers then looked at how the volunteers' attempts to stand changed when their movements were constricted, similar to the way astronauts' movements are limited by the bulk of their spacesuits. The team built a suit to mimic the stiffness of traditional spacesuits, and had volunteers don the suit before again attempting to stand up from various fallen positions. The volunteers' sequence of movements was similar, though required much more effort compared to their unencumbered attempts.




The team mapped the movements of each volunteer as they stood up, and found that they each carried out a common sequence of motions, moving from one pose, or "waypoint," to the next, in a predictable order.

"Those ergonomic experiments helped us to model in a straightforward way, how a human stands up," Ballesteros says. "We could postulate that about 80 percent of humans stand up in a similar way. Then we designed a controller around that trajectory."

Helping hand

The team developed software to generate a trajectory for a robot, following a sequence that would help support a human and lift them back on their feet. They applied the controller to a heavy, fixed robotic arm, which they attached to a large backpack. The researchers then attached the backpack to the bulky suit and helped volunteers back into the suit. They asked the volunteers to again lie on their back, front, or side, and then had them attempt to stand as the robot sensed the person's movements and adapted to help them to their feet.

Overall, the volunteers were able to stand stably with much less effort when assisted by the robot, compared to when they tried to stand alone while wearing the bulky suit.

"It feels kind of like an extra force moving with you," says Ballesteros, who also tried out the suit and arm assist. "Imagine wearing a backpack and someone grabs the top and sort of pulls you up. Over time, it becomes sort of natural."

The experiments confirmed that the control system can successfully direct a robot to help a person stand back up after a fall. The researchers plan to pair the control system with their latest version of SuperLimbs, which comprises two multijointed robotic arms that can extend out from a backpack. The backpack would also contain the robot's battery and motors, along with an astronaut's ventilation system.

"We designed these robotic arms based on an AI search and design optimization, to look for designs of classic robot manipulators with certain engineering constraints," Ballesteros says. "We filtered through many designs and looked for the design that consumes the least amount of energy to lift a person up. This version of SuperLimbs is the product of that process."

Over the summer, Ballesteros will build out the full SuperLimbs system at NASA's Jet Propulsion Laboratory, where he plans to streamline the design and minimize the weight of its parts and motors using advanced, lightweight materials. Then, he hopes to pair the limbs with astronaut suits, and test them in low-gravity simulators, with the goal of someday assisting astronauts on future missions to the moon and Mars.

"Wearing a spacesuit can be a physical burden," Asada notes. "Robotic systems can help ease that burden, and help astronauts be more productive during their missions."

This research was supported, in part, by NASA.
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Wavefunction matching for solving quantum many-body problems | ScienceDaily
Strongly interacting systems play an important role in quantum physics and quantum chemistry. Stochastic methods such as Monte Carlo simulations are a proven method for investigating such systems. However, these methods reach their limits when so-called sign oscillations occur. This problem has now been solved by an international team of researchers from Germany, Turkey, the USA, China, South Korea and France using the new method of wavefunction matching. As an example, the masses and radii of all nuclei up to mass number 50 were calculated using this method. The results agree with the measurements, the researchers now report in the journal "Nature."


						
All matter on Earth consists of tiny particles known as atoms. Each atom contains even smaller particles: protons, neutrons and electrons. Each of these particles follows the rules of quantum mechanics. Quantum mechanics forms the basis of quantum many-body theory, which describes systems with many particles, such as atomic nuclei.

One class of methods used by nuclear physicists to study atomic nuclei is the ab initio approach. It describes complex systems by starting from a description of their elementary components and their interactions. In the case of nuclear physics, the elementary components are protons and neutrons. Some key questions that ab initio calculations can help answer are the binding energies and properties of atomic nuclei and the link between nuclear structure and the underlying interactions between protons and neutrons.

However, these ab initio methods have difficulties in performing reliable calculations for systems with complex interactions. One of these methods is quantum Monte Carlo simulations. Here, quantities are calculated using random or stochastic processes. Although quantum Monte Carlo simulations can be efficient and powerful, they have a significant weakness: the sign problem. It arises in processes with positive and negative weights, which cancel each other. This cancellation leads to inaccurate final predictions.

A new approach, known as wavefunction matching, is intended to help solve such calculation problems for ab initio methods. "This problem is solved by the new method of wavefunction matching by mapping the complicated problem in a first approximation to a simple model system that does not have such sign oscillations and then treating the differences in perturbation theory," says Prof. Ulf-G. Meissner from the Helmholtz Institute for Radiation and Nuclear Physics at the University of Bonn and from the Institute of Nuclear Physics and the Center for Advanced Simulation and Analytics at Forschungszentrum Julich. "As an example, the masses and radii of all nuclei up to mass number 50 were calculated -- and the results agree with the measurements," reports Meissner, who is also a member of the Transdisciplinary Research Areas "Modeling" and "Matter" at the University of Bonn.

"In quantum many-body theory, we are often faced with the situation that we can perform calculations using a simple approximate interaction, but realistic high-fidelity interactions cause severe computational problems," says Dean Lee, Professor of Physics from the Facility for Rare Istope Beams and Department of Physics and Astronomy (FRIB) at Michigan State University and head of the Department of Theoretical Nuclear Sciences.

Wavefunction matching solves this problem by removing the short-distance part of the high-fidelity interaction and replacing it with the short-distance part of an easily calculable interaction. This transformation is done in a way that preserves all the important properties of the original realistic interaction. Since the new wavefunctions are similar to those of the easily computable interaction, the researchers can now perform calculations with the easily computable interaction and apply a standard procedure for handling small corrections -- called perturbation theory.

The research team applied this new method to lattice quantum Monte Carlo simulations for light nuclei, medium-mass nuclei, neutron matter and nuclear matter. Using precise ab initio calculations, the results closely matched real-world data on nuclear properties such as size, structure and binding energy. Calculations that were once impossible due to the sign problem can now be performed with wavefunction matching.

While the research team focused exclusively on quantum Monte Carlo simulations, wavefunction matching should be useful for many different ab initio approaches. "This method can be used in both classical computing and quantum computing, for example to better predict the properties of so-called topological materials, which are important for quantum computing," says Meissner.

The first author is Prof. Dr. Serdar Elhatisari, who worked for two years as a Fellow in Prof. Meissner's ERC Advanced Grant EXOTIC. According to Meissner, a large part of the work was carried out during this time. Part of the computing time on supercomputers at Forschungszentrum Julich was provided by the IAS-4 institute, which Meissner heads.
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Animal brain inspired AI game changer for autonomous robots | ScienceDaily
A team of researchers at Delft University of Technology has developed a drone that flies autonomously using neuromorphic image processing and control based on the workings of animal brains. Animal brains use less data and energy compared to current deep neural networks running on GPUs (graphic chips). Neuromorphic processors are therefore very suitable for small drones because they don't need heavy and large hardware and batteries. The results are extraordinary: during flight the drone's deep neural network processes data up to 64 times faster and consumes three times less energy than when running on a GPU. Further developments of this technology may enable the leap for drones to become as small, agile, and smart as flying insects or birds. The findings were recently published in Science Robotics.


						
Learning from animal brains: spiking neural networks

Artificial intelligence holds great potential to provide autonomous robots with the intelligence needed for real-world applications. However, current AI relies on deep neural networks that require substantial computing power. The processors made for running deep neural networks (Graphics Processing Units, GPUs) consume a substantial amount of energy. Especially for small robots like flying drones this is a problem, since they can only carry very limited resources in terms of sensing and computing.

Animal brains process information in a way that is very different from the neural networks running on GPUs. Biological neurons process information asynchronously, and mostly communicate via electrical pulses called spikes. Since sending such spikes costs energy, the brain minimizes spiking, leading to sparse processing.

Inspired by these properties of animal brains, scientists and tech companies are developing new, neuromorphic processors. These new processors allow to run spiking neural networks and promise to be much faster and more energy efficient.

"The calculations performed by spiking neural networks are much simpler than those in standard deep neural networks.," says Jesse Hagenaars, PhD candidate and one of the authors of the article, "Whereas digital spiking neurons only need to add integers, standard neurons have to multiply and add floating point numbers. This makes spiking neural networks quicker and more energy efficient. To understand why, think of how humans also find it much easier to calculate 5 + 8 than to calculate 6.25 x 3.45 + 4.05 x 3.45."

This energy efficiency is further boosted if neuromorphic processors are used in combination with neuromorphic sensors, like neuromorphic cameras. Such cameras do not make images at a fixed time interval. Instead, each pixel only sends a signal when it becomes brighter or darker. The advantages of such cameras are that they can perceive motion much more quickly, are more energy efficient, and function well both in dark and bright environments. Moreover, the signals from neuromorphic cameras can feed directly into spiking neural networks running on neuromorphic processors. Together, they can form a huge enabler for autonomous robots, especially small, agile robots like flying drones.




First neuromorphic vision and control of a flying drone

In an article published in Science Robotics on May 15, 2024, researchers from Delft University of Technology, the Netherlands, demonstrate for the first time a drone that uses neuromorphic vision and control for autonomous flight. Specifically, they developed a spiking neural network that processes the signals from a neuromorphic camera and outputs control commands that determine the drone's pose and thrust. They deployed this network on a neuromorphic processor, Intel's Loihi neuromorphic research chip, on board of a drone. Thanks to the network, the drone can perceive and control its own motion in all directions.

"We faced many challenges," says Federico Paredes-Valles, one of the researchers that worked on the study, "but the hardest one was to imagine how we could train a spiking neural network so that training would be both sufficiently fast and the trained network would function well on the real robot. In the end, we designed a network consisting of two modules. The first module learns to visually perceive motion from the signals of a moving neuromorphic camera. It does so completely by itself, in a self-supervised way, based only on the data from the camera. This is similar to how also animals learn to perceive the world by themselves. The second module learns to map the estimated motion to control commands, in a simulator. This learning relied on an artificial evolution in simulation, in which networks that were better in controlling the drone had a higher chance of producing offspring. Over the generations of the artificial evolution, the spiking neural networks got increasingly good at control, and were finally able to fly in any direction at different speeds. We trained both modules and developed a way with which we could merge them together. We were happy to see that the merged network immediately worked well on the real robot."

With its neuromorphic vision and control, the drone is able to fly at different speeds under varying light conditions, from dark to bright. It can even fly with flickering lights, which make the pixels in the neuromorphic camera send great numbers of signals to the network that are unrelated to motion.

Improved energy efficiency and speed by neuromorphic AI

"Importantly, our measurements confirm the potential of neuromorphic AI. The network runs on average between 274 and 1600 times per second. If we run the same network on a small, embedded GPU, it runs on average only 25 times per second, a difference of a factor ~10-64! Moreover, when running the network, , Intel's Loihi neuromorphic research chip consumes 1.007 watts, of which 1 watt is the idle power that the processor spends just when turning on the chip. Running the network itself only costs 7 milliwatts. In comparison, when running the same network, the embedded GPU consumes 3 watts, of which 1 watt is idle power and 2 watts are spent for running the network. The neuromorphic approach results in AI that runs faster and more efficiently, allowing deployment on much smaller autonomous robots.," says Stein Stroobants, PhD candidate in the field of neuromorphic drones.

Future applications of neuromorphic AI for tiny robots

"Neuromorphic AI will enable all autonomous robots to be more intelligent," says Guido de Croon, Professor in bio-inspired drones, "but it is an absolute enabler for tiny autonomous robots. At Delft University of Technology's Faculty of Aerospace Engineering, we work on tiny autonomous drones which can be used for applications ranging from monitoring crop in greenhouses to keeping track of stock in warehouses. The advantages of tiny drones are that they are very safe and can navigate in narrow environments like in between ranges of tomato plants. Moreover, they can be very cheap, so that they can be deployed in swarms. This is useful for more quickly covering an area, as we have shown in exploration and gas source localization settings."

"The current work is a great step in this direction. However, the realization of these applications will depend on further scaling down the neuromorphic hardware and expanding the capabilities towards more complex tasks such as navigation."
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The crystallization of memory: Study reveals how practice forms new memory pathways in the brain | ScienceDaily
A new study led by UCLA Health has shown that repetitive practice not only is helpful in improving skills but also leads to profound changes in the brain's memory pathways.


						
The research, published in the journal Nature and co-led by Rockefeller University, sought to unravel how the brain's ability to retain and process information, known as working memory, improves through training.

To test this, researchers tasked mice with identifying and recalling a sequence of odors over the course of two weeks. Researchers then tracked neural activity in the animals as they practiced the task by using a novel, custom-built microscope that can image cellular activity in up to 73,000 neurons simultaneously throughout the cortex.

The study revealed a transformation in the working memory circuits located in the secondary motor cortex as the mice repeated the task through time. As the mice were first learning the task, the memory representations were unstable. However, after repeatedly practicing the task, the memory patterns began to solidify or "crystalize," said corresponding author and UCLA Health neurologist Dr. Peyman Golshani.

"If one imagines that each neuron in the brain is sounding a different note, the melody that the brain is generating when it is doing the task was changing from day to day, but then became more and more refined and similar as animals kept practicing the task," Golshani said.

These changes give insights into why performance becomes more accurate and automatic following repetitive practice.

"This insight not only advances our understanding of learning and memory but also has implications for addressing memory-related disorders," Golshani said.

The work was performed by Dr. Arash Bellafard, project scientist at UCLA in close collaboration with Dr. Alipasha Vaziri's group at Rockefeller University.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240515164158.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Detection of an Earth-sized exoplanet orbiting the ultracool dwarf star SPECULOOS-3 | ScienceDaily
The SPECULOOS project, led by the astronomer Michael Gillon from the University of Liege, has just discovered a new Earth-sized exoplanet around SPECULOOS-3, an "ultracool dwarf" star as small as Jupiter, twice as cold as our Sun, and located 55 light-years from Earth. After the famous TRAPPIST-1, SPECULOOS 3 is the second planetary system discovered around this type of star.


						
Ultra-cool dwarf stars are the least massive stars in our Universe, similar in size to Jupiter, more than twice as cold, ten times less massive and a hundred times less luminous than our Sun. Their lifespan is over a hundred times longer than that of our star, and they will be the last stars to shine when the Universe becomes cold and dark. Although they are far more common in the Cosmos than Sun-like stars, ultra-cool dwarf stars are still poorly understood due to their low luminosity. In particular, very little is known about their planets, even though they represent a significant fraction of the planetary population of our Milky Way.

It's against this backdrop that the SPECULOOSconsortium, led by the University of Liege, has just announced the discovery of a new Earth-sized planet orbiting a nearby ultra-cool dwarf star. The SPECULOOS-3 b exoplanet lies around 55 light-years from Earth (which is very close on a cosmic scale! Our galaxy, the Milky Way, stretches over 100,000 light-years). SPECULOOS 3 is only the second planetary system to be discovered around this type of star: "SPECULOOS-3 b is practically the same size as our planet," explains the astronomer Michael Gillon, first author of the article published in Nature Astronomy. A year, i.e. an orbit around the star, lasts around 17 hours. Days and nights, on the other hand, should never end. We believe that the planet rotates synchronously, so that the same side, called the day side, always faces the star, just like the Moon does for the Earth. On the other hand, the night side hand, would be locked in endless darkness."

The SPECULOOS (Search for Planets EClipsing ULtra-cOOl Stars) project, initiated and led by astronomer Michael Gillon, has been specially designed to search for exoplanets around the nearest ultra-cold dwarf stars. These stars are scattered across the sky, so you must observe them one by one, over a period of weeks, to have a good chance of detecting transiting planets," continues the researcher. This requires a dedicated network of professional robotic telescopes." This isthe concept behind SPECULOOS, jointly run by the Universities of Liege, Cambridge, Birmingham, Berne, MIT and ETH Zurich.

"We designed SPECULOOS specifically to observe nearby ultra-cool dwarf stars in search of rocky planets that lend themselves well to detailed studies," comments Laetitia Delrez, astronomer at the University of Liege. In 2017, our SPECULOOS prototype using the TRAPPIST telescope discovered the famous TRAPPIST-1 system made up of seven Earth-sized planets, including several potentially habitable ones. This was an excellent start!"

The SPECULOOS-3 star is more than twice as cold as our sun, with an average temperature of around 2,600degC. Due to its hyper-short orbit, the planet receives almost sixteen times more energy per second than the Earth does from the Sun and is therefore literally bombarded with high-energy radiation. "In such an environment, the presence of an atmosphere around the planet is highly unlikely," says Julien de Wit, MIT professor and co-director of the SPECULOOS Northern Observatory and its Artemis telescope, co-developed by the University of Liege and MIT, and the mainstay of this discovery. The fact that this planet has no atmosphere could be a plus in several respects. For example, it could enable us to learn a great deal about ultra-cool dwarf stars, which in turn will make possible more in-depth studies of their potentially habitable planets."

SPECULOOS-3 b is proving to be an excellent target for the JWST space telescope, to be launched in 2021, whose data will revolutionize our vision of the Universe. "With the JWST, we could even study the mineralogy of the planet's surface!" enthuses Elsa Ducrot, a former researcher at the University of Liege now based at Paris Observatory. 

"This discovery demonstrates the ability of our SPECULOOS-North observatory to detect Earth-sized exoplanets suitable for detailed study. And this is just the beginning! Thanks to the financial support of the Walloon Region and the University of Liege, two new telescopes, Orion and Apollo, will soon join Artemis on the plateau of the Teide volcano in Tenerife, to speed up the hunt for these fascinating planets" concludes Michael Gillon.
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Robots' and prosthetic hands' sense of touch could be as fast as humans | ScienceDaily
Research at Uppsala University and Karolinska Institutet could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. Their study has been published in the journal Science. The technology could also be used to help restore lost functionality to patients after a stroke.


						
"Our system can determine what type of object it encounters as fast as a blindfolded person, just by feeling it and deciding whether it is a tennis ball or an apple, for example," says Zhibin Zhang, docent at the Department of Electrical Engineering at Uppsala University.

He and his colleague Libo Chen performed the study in close cooperation with researchers from the Signals and Systems Division at Uppsala University, who provided data processing and machine learning expertise, and a group of researchers from the Department of Neurobiology, Care Sciences and Society, Division of Neurogeriatrics at Karolinska Institutet.

Drawing inspiration from neuroscience, they have developed an artificial tactile system that imitates the way the human nervous system reacts to touch. The system uses electrical pulses that process dynamic tactile information in the same way as the human nervous system. "With this technology, a prosthetic hand would feel like part of the wearer's body," Zhang explains.

The artificial system has three main components: an electronic skin (e-skin) with sensors that can detect pressure by touch; a set of artificial neurons that convert analogue touch signals into electrical pulses; and a processor that processes the signals and identifies the object. In principle, it can learn to identify an unlimited number of objects, but in their tests the researchers have used 22 different objects for grasping and 16 different surfaces for touching.

"We're also looking into developing the system so it can feel pain and heat as well. It should also be able to feel what material the hand is touching, for example, whether it is wood or metal," says Assistant Professor Libo Chen, who led the study.

According to the researchers, interactions between humans and robots or prosthetic hands can be made safer and more natural thanks to tactile feedback. The prostheses can also be given the ability to handle objects with the same dexterity as a human hand.

"The skin contains millions of receptors. Current e-skin technology cannot deliver enough receptors, but this technology makes it possible, so we would like to produce artificial skin for a whole robot," says Chen.

The technology could also be used medically, for example, to monitor movement dysfunctions caused by Parkinson's disease and Alzheimer's disease, or to help patients recover lost functionality after a stroke.

"The technology can be further developed to tell if a patient is about to fall. This information can be then used to either stimulate a muscle externally to prevent the fall or prompt an assistive device to take over and prevent it," says Zhang.
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Highly pathogenic avian flu detected in New York City wild birds | ScienceDaily
A small number of New York City wild birds carry highly pathogenic H5N1 avian influenza, according to a recent study published in the Journal of Virology,a journal of the American Society for Microbiology. The work highlights that the interface between animals and humans that may give rise to zoonotic infections or even pandemics is not limited to rural environments and commercial poultry operations, but extends into urban centers.


						
"To my knowledge, this is the first large-scale U.S. study of avian influenza in an urban area, and the first with active community involvement," said study co-author Christine Marizzi, PhD, principal investigator of the New York City Virus Hunters (NYCVH) Program, and BioBus director of community science, Harlem, New York City. "Birds are key to finding out which influenza and other avian viruses are circulating in the New York City area, as well as important for understanding which ones can be dangerous to both other birds and humans. And we need more eyes on the ground -- that's why community involvement is really critical."

The study came out of a program to monitor wild birds, which is a partnership between BioBus, the Icahn School of Medicine at Mount Sinai and the Wild Bird Fund. Through the program, local high school students partake in the research and communication efforts as paid interns under expert mentorship. Wearing appropriate protective gear, the students collect bird fecal samples in urban parks and green spaces. Additional samples from wild urban birds are submitted to the study by local animal rehabilitation centers such as the Wild Bird Fund and Animal Care Centers of New York. Students then help screen all samples in the Krammer laboratory at the Icahn School of Medicine at Mount Sinai for viruses.

In the study, the NYCVH collected and screened 1927 samples between January 2022 and November 2023 and picked up the H5N1 signal by detecting it in 6 city birds representing 4 different species. All the positive samples came from the urban wildlife rehabilitation centers, stressing the critical role such centers can play in viral surveillance. By comparing the genetic makeup of the samples to each other and other available H5N1 viruses in a public database, the researchers found that they were slightly different and belonged to 2 different genotypes, which are both a mix of Eurasian H5N1 2.3.4.4.b clade virus and local North American avian influenza viruses. New York City is a popular stopover location for migrating wild birds during their remarkable journey.

"It is important to mention that, because we found H5N1 in city birds, this does not signal the start of a human influenza pandemic. We know that H5N1 has been around in New York City for about 2 years and there have been no human cases reported," Marizzi said.

Marizzi said that in their outreach, they spread awareness about H5N1 in city birds and provide information about what people can do to protect themselves. "It's smart to stay alert and stay away from wildlife. This also includes preventing your pets from getting in close contact with wildlife," said Marizzi. If one must handle wildlife, it is important to always use safe practices any time when handling a sick or injured bird or other animals.
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An astrocytic pH regulator that can repair the blood-brain barrier and reverse brain damage caused by ischemic stroke | ScienceDaily
Ischemic stroke is a leading cause of death and disability, affecting about 15 million worldwide each year. Among the various factors contributing to the pathogenesis of this condition is the loss of the blood-brain barrier, a highly selective protective cellular barrier that prevents harmful chemicals from entering the brain through the blood. Understanding the mechanisms that regulate the integrity of the blood-brain barrier, developing strategies to repair it, and reversing brain damage will have far-reaching benefits for patients suffering from stroke and related neurological conditions.


						
A recent study from the laboratory of Dr. Hyun Kyoung Lee, associate professor at Baylor College of Medicine and an investigator at the Jan and Dan Duncan Neurological Research Institute (Duncan NRI) at Texas Children's Hospital, has found that an ion transporter protein that regulates the pH of specific brain cells can repair the blood-brain barrier and restore normal brain function after ischemic stroke.

The study, published in Cell Reports, is the first to reveal novel and specific therapeutic targets for ischemic stroke and related brain conditions for which no targeted treatments exist currently.

The blood-brain barrier and pH regulation are disrupted in stroke and other neurological conditions

"Disruption of blood-brain barrier integrity is a pathophysiological hallmark of stroke and several devastating neurological disorders," Dr. Lee, a Cynthia and Anthony G. Petrello Endowed Scholar in Neurological Research, said. "A damaged blood-brain barrier often leads to severe consequences such as brain edema, neuronal damage, and eventually, motor and cognitive deficits. Very little was known about how stroke damages the blood-brain barrier prior to this study.

While endothelial cells form the core of the blood-brain barrier, emerging evidence suggests astrocytes, which are the most abundant and diverse type of support cells in the central nervous system, play a critical role in maintaining the integrity of this structure.

In addition to this barrier, a strict balance of pH (a measure of acidity or alkalinity of a solution) within the brain cells and their surrounding environment is crucial for optimal brain function. Dysregulation of pH homeostasis in the brain is often implicated in a range of neurological conditions.




Ischemic stroke injury is associated with a drastic reduction in pH. However, until this study, the precise reason for this alteration and the role of astrocytes in this process was not known.

Astrocytic Slc4a4 plays a critical role in the maintenance of the blood-brain barrier

Previous studies have demonstrated that a sodium-carbonate cotransporter 1 (Slc4a4), which is enriched in the astrocytes, is responsible for shuttling acid-base ions across the cell membrane in a bidirectional manner to regulate both intra- and extracellular pH in response to internal and external stimuli. Moreover, patients with Slc4a4 variants have been associated with many brain disorders, including ischemic stroke.

This is the first study to investigate whether and how Slc4a4 governs astrocyte-endothelial cell interaction in blood-brain barrier maintenance and repair after stroke.

To test the biological role of Slc4a4, the Duncan NRI team generated a conditional mouse model of Slc4a4 using which they could specifically delete the expression of this gene in the brain astrocytes during development and in adult mice.

Using this mouse model, they found that deleting Slc4a4 from astrocytes altered their structure and function. "We found that the brain vasculature was altered in the absence of astrocytic Slc4a4 -- there was >40% increase in the diameter of the blood vessels in the brain, a three-fold increase in the number of small molecules that were able to infiltrate the brain along with the loss of junctional markers -- which together provided compelling evidence that the blood-brain barrier was disrupted in the absence of astrocytic Slc4a4 in these mice," Dr. Qi Ye, lead author and postdoctoral fellow in the Lee lab said.




Slc4a4 is critical for remodeling the blood-brain barrier after ischemic stroke

To test if astrocytic Slc4a4 was important for remodeling the blood-brain barrier after ischemic stroke, they used a cortical photothrombotic stroke model in Slc4a4 animal models. This stroke injury model in animals closely mimics the size, location, as well as reactive gliosis, a scar-like inflammatory response to ischemic stroke injury in human brains.

In this model using multi-omics analyses, they found that loss of astrocytic Slc4a4 increased the secretion of a CCL2, a pro-inflammatory molecule, which activated the CCR2 receptor present on the nearby endothelial cells to increase permeability, damaging the blood-brain barrier and increasing leakage between the two cell types. Finally, they found this breakdown of the blood-brain barrier was mediated by increased levels of specific metabolites (arginine and nitrous oxide) caused by changes in astrocytic pH levels.

"By revealing the precise mechanism and key players involved in the breakdown of the blood-brain barrier after stroke, this study has opened potential new avenues to treat ischemic stroke and several associated brain pathologies," Dr. Lee said. "It is promising that key players identified in this pathway -- the Slc4a4 transporter protein, the CCL2-CCR2 axis as well the metabolites -- are 'druggable' and can be developed into potential therapeutic targets."
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A simple quantum internet with significant possibilities | ScienceDaily
It's one thing to dream up a quantum internet that could send hacker-proof information around the world via photons superimposed in different quantum states. It's quite another to physically show it's possible.


						
That's exactly what Harvard physicists have done, using existing Boston-area telecommunication fiber, in a demonstration of the world's longest fiber distance between two quantum memory nodes to date. Think of it as a simple, closed internet between point A and B, carrying a signal encoded not by classical bits like the existing internet, but by perfectly secure, individual particles of light.

The groundbreaking work, published in Nature, was led by Mikhail Lukin, the Joshua and Beth Friedman University Professor in the Department of Physics, in collaboration with Harvard professors Marko Loncar and Hongkun Park, who are all members of the Harvard Quantum Initiative, alongside researchers at Amazon Web Services.

The Harvard team established the practical makings of the first quantum internet by entangling two quantum memory nodes separated by optical fiber link deployed over a roughly 22-mile loop through Cambridge, Somerville, Watertown, and Boston. The two nodes were located a floor apart in Harvard's Laboratory for Integrated Science and Engineering.

Quantum memory, analogous to classical computer memory, is an important component of an interconnected quantum computing future because it allows for complex network operations and information storage and retrieval. While other quantum networks have been created in the past, the Harvard team's is the longest fiber network between devices that can store, process and move information.

Each node is a very small quantum computer, made out of a sliver of diamond that has a defect in its atomic structure called a silicon-vacancy center. Inside the diamond, carved structures smaller than a hundredth the width of a human hair enhance the interaction between the silicon-vacancy center and light.

The silicon-vacancy center contains two qubits, or bits of quantum information: one in the form of an electron spin used for communication, and the other in a longer-lived nuclear spin used as a memory qubit to store entanglement (the quantum-mechanical property that allows information to be perfectly correlated across any distance). Both spins are fully controllable with microwave pulses. These diamond devices -- just a few millimeters square -- are housed inside dilution refrigeration units that reach temperatures of -459 Fahrenheit.




Using silicon-vacancy centers as quantum memory devices for single photons has been a multi-year research program at Harvard. The technology solves a major problem in the theorized quantum internet: signal loss that can't be boosted in traditional ways. A quantum network cannot use standard optical-fiber signal repeaters because copying of arbitrary quantum information is impossible -- making the information secure, but also very hard to transport over long distances.

Silicon vacancy center-based network nodes can catch, store and entangle bits of quantum information while correcting for signal loss. After cooling the nodes to close to absolute zero, light is sent through the first node and, by nature of the silicon vacancy center's atomic structure, becomes entangled with it.

"Since the light is already entangled with the first node, it can transfer this entanglement to the second node," explained first author Can Knaut, a Kenneth C. Griffin Graduate School of Arts and Sciences student in Lukin's lab. "We call this photon-mediated entanglement."

Over the last several years, the researchers have leased optical fiber from a company in Boston to run their experiments, fitting their demonstration network on top of the existing fiber to indicate that creating a quantum internet with similar network lines would be possible.

"Showing that quantum network nodes can be entangled in the real-world environment of a very busy urban area, is an important step towards practical networking between quantum computers," Lukin said.

A two-node quantum network is only the beginning. The researchers are working diligently to extend the performance of their network by adding nodes and experimenting with more networking protocols.
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Iconic baobabs: The origin and long-distance travels of upside down trees | ScienceDaily


						The iconic baobabs, also known as upside-down trees, or the tree of life, have much cultural significance, inspiring innumerable arts, folklore, and traditions. A research published in Nature, involving international collaboration between Wuhan Botanical Garden (China), Royal Botanic Gardens (Kew, UK), University of Antananarivo (Madagascar) and Queen Mary University of London (UK) reveal a remarkable example of species radiation in Madagascar followed by long distance dispersal to Africa and Australia. With speciation, an astonishing divergence of pollination mechanisms evolved, that exploit hawkmoths, bats and lemurs for a simple nectar reward.


						
The charismatic baobabs have astonishing growth forms, reaching huge sizes with massive trunks, but apparently diminutive crowns, giving them their iconic appearance as upside-down trees. The team first assembled the genomes of the eight recognised species and worked out their patterns of speciation. They then analysed the genomes themselves and discovered that the ancestor of all eight species most likely radiated in Madagascar, where they made hybrids, before two species underwent astonishing long-distance travels, one to Africa and another to Australia. In that radiation the species evolved different flower structures to attract hawkmoths, lemurs and bats.

Quote: Professor Andrew Leitch at Queen Mary University of London said, "We were delighted to be involved in this project uncovering patterns of baobab speciation in Madagascar followed by the astonishing long-distance dispersal of two species, one to Africa and another to Australia. This was accompanied by the evolution of some fascinating pollination syndromes involving hawkmoths, lemurs and bats."

Quote: Dr. Ilia Leitch at Royal Botanic Garden Kew said, "This work has uncovered new insights into the patterns of speciation in baobabs and shows how climate change has influenced baobab distribution and speciation patterns over millions of years."

Quote: Husband and wife team Andrew and Ilia Leitch at Queen Mary University of London and Royal Botanic Gardens Kew said. 'We were delighted to be involved in this project uncovering patterns of baobab speciation in Madagascar before the astonishing long-distance dispersal of two species, one to Africa and another to Australia. The work also provides new insights into how climate change has influenced baobab distribution and speciation patterns over millions of years'.
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First 'warm-blooded' dinosaurs may have emerged 180 million years ago | ScienceDaily
The ability to regulate body temperature, a trait all mammals and birds have today, may have evolved among some dinosaurs early in the Jurassic period about 180 million years ago, suggests a new study led by UCL and University of Vigo researchers.


						
In the early 20th century, dinosaurs were considered slow-moving, "cold-blooded" animals like modern-day reptiles, relying on heat from the sun to regulate their temperature. Newer discoveries indicate some dinosaur types were likely capable of generating their own body heat but when this adaptation occurred is unknown.

The new study, published in the journal Current Biology, looked at the spread of dinosaurs across different climates on Earth throughout the Mesozoic Era (the dinosaur era lasting from 230 to 66 million years ago), drawing on 1,000 fossils, climate models and the geography of the period, and dinosaurs' evolutionary trees.

The research team found that two of the three main groupings of dinosaurs, theropods (such as T. rex and Velociraptor) and ornithischians (including relatives of the plant eaters Stegosaurus and Triceratops), moved to colder climates during the Early Jurassic, suggesting they may have developed endothermy (the ability to internally generate heat) at this time. In contrast, sauropods, the other main grouping which includes the Brontosaurus and the Diplodocus, kept to warmer areas of the planet.

Previous research has found traits linked to warm-bloodedness among ornithischians and theropods, with some known to have had feathers or proto-feathers, insulating internal heat.

First author Dr Alfio Alessandro Chiarenza, of UCL Earth Sciences, said: "Our analyses show that different climate preferences emerged among the main dinosaur groups around the time of the Jenkyns event 183 million years ago, when intense volcanic activity led to global warming and extinction of plant groups.

"At this time, many new dinosaur groups emerged. The adoption of endothermy, perhaps a result of this environmental crisis, may have enabled theropods and ornithischians to thrive in colder environments, allowing them to be highly active and sustain activity over longer periods, to develop and grow faster and produce more offspring."

Co-author Dr Sara Varela, of the Universidade de Vigo, Spain, said: "Theropods also include birds and our study suggests that birds' unique temperature regulation may have had its origin in this Early Jurassic epoch.




"Sauropods, on the other hand, which stayed in warmer climates, grew to a gigantic size at around this time -- another possible adaptation due to environmental pressure. Their smaller surface area to volume ratio would have meant these larger creatures would lose heat at a reduced rate, allowing them to stay active for longer."

In the paper, the researchers also investigated if sauropods might have stayed at lower latitudes to eat richer foliage unavailable in colder polar regions. Instead, they found sauropods seemed to thrive in arid, savannah-like environments, supporting the idea that their restriction to warmer climates was more related to higher temperature and then to a more cold-blooded physiology. During that time, polar regions were warmer, with abundant vegetation.

The Jenkyns event occurred after lava and volcanic gasses erupted from long fissures in the Earth's surface, covering large areas of the planet.

Co-author Dr Juan L. Cantalapiedra, of the Museo Nacional de Ciencias Naturales, Madrid, Spain, said: "This research suggests a close connection between climate and how dinosaurs evolved. It sheds new light on how birds might have inherited a unique biological trait from dinosaur ancestors and the different ways dinosaurs adapted to complex and long-term environmental changes."

The study involved researchers from UCL, University of Vigo, the University of Bristol and the Museo Nacional de Ciencias Naturales in Madrid, and received funding from the European Research Council, the Spanish Ministry of Research, the Natural Environment Research Council and the Royal Society.
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Scientists generate heat over 1,000 degrees Celsius with solar power instead of fossil fuel | ScienceDaily
Instead of burning fossil fuels to smelt steel and cook cement, researchers in Switzerland want to use heat from the sun. The proof-of-concept study, published May 15 in the journal Device, uses synthetic quartz to trap solar energy at temperatures over 1,000degC (1,832degF), demonstrating the method's potential role in providing clean energy for carbon-intensive industries.


						
"To tackle climate change, we need to decarbonize energy in general," says corresponding author Emiliano Casati of ETH Zurich, Switzerland. "People tend to only think about electricity as energy, but in fact, about half of the energy is used in the form of heat."

Glass, steel, cement, and ceramics are at the very heart of modern civilization, essential for building everything from car engines to skyscrapers. However, manufacturing these materials demands temperatures over 1,000degC and relies heavily on burning fossil fuels for heat. These industries account for about 25% of global energy consumption. Researchers have explored a clean-energy alternative using solar receivers, which concentrate and build heat with thousands of sun-tracking mirrors. However, this technology has difficulties transferring solar energy efficiently above 1,000degC.

To boost the efficiency of solar receivers, Casati turned to semitransparent materials such as quartz, which can trap sunlight -- a phenomenon called the thermal-trap effect. The team crafted a thermal-trapping device by attaching a synthetic quartz rod to an opaque silicon disk as an energy absorber. When they exposed the device to an energy flux equivalent to the light coming from 136 suns, the absorber plate reached 1,050degC (1,922degF), whereas the other end of the quartz rod remained at 600degC (1,112degF).

"Previous research has only managed to demonstrate the thermal-trap effect up to 170degC (338degF)," says Casati. "Our research showed that solar thermal trapping works not just at low temperatures, but well above 1,000degC. This is crucial to show its potential for real-world industrial applications."

Using a heat transfer model, the team also simulated the quartz's thermal-trapping efficiency under different conditions. The model showed that thermal trapping achieves the target temperature at lower concentrations with the same performance, or at higher thermal efficiency for equal concentration. For example, a state-of-the-art (unshielded) receiver has an efficiency of 40% at 1,200degC, with a concentration of 500 suns. The receiver shielded with 300 mm of quartz achieves 70% efficiency at the same temperature and concentration. The unshielded receiver requires at least 1,000 suns of concentration for comparable performance.

Casati and his colleagues are now optimizing the thermal-trapping effect and investigating new applications for the method. So far, their research has been promising. By exploring other materials, such as different fluids and gases, they were able to reach even higher temperatures. The team also noted that these semitransparent materials' ability to absorb light or radiation is not limited to solar radiation.

"Energy issue is a cornerstone to the survival of our society," says Casati. "Solar energy is readily available, and the technology is already here. To really motivate industry adoption, we need to demonstrate the economic viability and advantages of this technology at scale."
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Virtual reality becomes more engaging when designers use cinematic tools | ScienceDaily
Cinematography techniques can significantly increase user engagement with virtual environments and, in particular, the aesthetic appeal of what users see in virtual reality.


						
This was the result of a recent study conducted by computer scientists at the University of Helsinki. The results were published in May at the ACM Conference on Human Factors in Computing Systems (CHI).

The team aimed to investigate how principles of composition and continuity, commonly used in filmmaking, could be utilized to enhance navigation around virtual environments.

Composition refers to how the elements in a scene are oriented with respect to the viewer, whereas continuity is about how camera positions between shots can help viewers to understand spatial relationships between elements in the scene.

"Using these ideas, we developed a new teleportation method for exploring virtual environments that subtly repositions and reorientates the user's viewpoint after teleportation to better frame the contents of the scene," says Alan Medlar, University Researcher in computer science at the University of Helsinki.

The images show how this differs from regular teleportation used in modern VR games: from the same starting point (top images), regular teleportation moves the user forward while retaining the same orientation (middle images), whereas cinematic techniques can increase the visual appeal of the environment (bottom images).

Sense of space preserved without motion sickness

The results also address the issue of motion sickness -- a common problem for VR users. Usually, to prevent nausea, designers use teleportation as a method for moving through digital spaces. The researchers' approach is also based on teleportation, but it aims to fix the problems associated with this technique.




"In virtual environments, teleportation can lead to reduced spatial awareness, forcing users to reorient themselves after teleporting and can cause them to miss important elements in their surroundings," says Medlar.

"The cinematography techniques we used give the designers of virtual environments a way to influence users' attention as they move around the space to affect how they perceive their surroundings," he continues.

Implications for gaming, museums, and movies

The research carries substantial implications for a range of VR applications, especially as the affordability of VR headsets keeps improving. Video games, virtual museums, galleries, and VR movies could all benefit from these findings, utilizing the proposed methods to craft more engaging and coherent experiences for their users.

Medlar believes the results will be of practical use to virtual reality designers.

"The potential impact of improving navigation in VR and giving designers more tools to affect user experience is huge."
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WASP-193b, a giant planet with a density similar to that of cotton candy | ScienceDaily
An international team led by researchers from the EXOTIC Laboratory of the University of Liege, in collaboration with MIT and the Astrophysics Institute in Andalusia, has just discovered WASP-193b, an extraordinarily low-density giant planet orbiting a distant Sun-like star.


						
This new planet, located 1,200 light-years from Earth, is 50% larger than Jupiter but seven times less massive, giving it an extremely low density comparable to that of cotton candy. "WASP-193b is the second least dense planet discovered to date, after Kepler-51d, which is much smaller," explains Khalid Barkaoui, a Postdcotral Researcher at ULiege's EXOTIC Laboratory and first author of the article published in Nature Astronomy. Its extremely low density makes it a real anomaly among the more than five thousand exoplanets discovered to date. This extremely-low-density cannot be reproduced by standard models of irradiated gas giants, even under the unrealistic assumption of a coreless structure."

The new planet was initially spotted by the Wide Angle Search for Planets (WASP), an international collaboration of academic institutions that together operated two robotic observatories, one in the northern hemisphere and the other in the south. Each observatory used an array of wide-angle cameras to measure the brightness of thousands of individual stars across the entire sky. In data taken between 2006 and 2008, and again from 2011 to 2012, the WASP-South observatory detected periodic transits, or dips in light, from the star WASP-193. Astronomers determined that the star's periodic dips in brightness were consistent with a planet passing in front of the star every 6.25 days. The scientists measured the amount of light the planet blocked with each transit, which gave them an estimate of the planet's size.

The team used then the TRAPPIST-South and SPECULOOS-South observatories -- directed by Michael Gillon, FNRS Research Director and astrophysicist at ULiege -- located in the Atacama Desert in Chile to measure the planetary signal in different wavelengths and to validate the planetary nature of the eclipsing object. Finally, they also used spectroscopic observations collected by the HARPS and CORALIE spectrographs -- also located in Chile (ESO)- to measure the mass of the planet. To their great surprise, the accumulated measurements revealed an extremely low density for the planet. Its mass and its size, they calculated, were about 0.14 and 1.5 that of Jupiter, respectively. The resulting density came out to about 0.059 grams per cubic centimeter. Jupiter's density, in contrast, is about 1.33 grams per cubic centimeter; and Earth is a more substantial 5.51 grams per cubic centimeter. One of the materials closest in density to the new, puffy planet, is cotton candy, which has a density of about 0.05 grams per cubic centimeter.

"The planet is so light that it's difficult to think of an analogous, solid-state material," says Julien de Wit, professor at Massachusetts Institute of Technology (MIT) and co-author. "The reason why it's close to cotton candy is because both are pretty much air. The planet is basically super fluffy."

The researchers suspect that the new planet is made mostly from hydrogen and helium, like most other gas giants in the galaxy. For WASP-193b, these gases likely form a hugely inflated atmosphere that extends tens of thousands of kilometers farther than Jupiter's own atmosphere. Exactly how a planet can inflate so much is a question that no existing theory of planetary formation can yet answer. It certainly requires a significant deposit of energy deep into the planet's interior, but the details of the mechanism are not yet understood. "We don't know where to put this planet in all the formation theories we have right now, because it's an outlier of all of them. We cannot explain how this planet was formed. Looking more closely at its atmosphere will allow us to constrain an evolutionary path of this planet, adds Francisco Pozuelos, astronomer at the Instituto de Astrofisica de Andalucia (IAA-CSIC, Granada, Spain)."

"WASP-193b is a cosmic mystery. Solving it will require some more observational and theoretical work, notably to measure its atmospheric properties with the JWST space telescope and to confront them to different theoretical mechanisms that possibly result in such an extreme inflation", concludes Khalid Barkaoui.
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Young whale's journey highlights threats facing ocean animals | ScienceDaily
A young whale's journey across the Mediterranean highlights the many threats facing ocean animals, researchers say.


						
Scientists from Greenpeace and the universities of Exeter and Haifa studied whales and dolphins in the Eastern Mediterranean, off the coast of Israel.

They found Cuvier's beaked whales, bottlenose dolphins and sperm whales -- including a young adult male previously seen off southern France.

The distance between sighting locations makes this the furthest recorded movement of a sperm whale in the Mediterranean -- and means the whale made a hazardous journey.

Audio analysis provides further evidence that whales off the Israeli coast are part of the wider regional population, as their vocalisations matched the "Mediterranean dialect."

The researchers say their findings demonstrate the need for targeted protection at key locations.

"Marine life in the Mediterranean faces numerous threats -- from fishing and pollution to noise and boat strikes," said Dr Kirsten Thompson, from the Greenpeace Research Laboratories at the University of Exeter.




"The journey of this particular whale must have gone through narrow straits -- either the Sicily Channel or the Strait of Messina, both of which are extremely busy, noisy and potentially dangerous for a deep-diving sperm whale."

The whale -- known variously as Kim, Elia and Onda by researchers in different regions -- was probably travelling with other young males, which typically leave their birth group at this stage of their lives.

"The fact that these whales pass through narrow, shallow seas means that listening devices could be installed at those points to protect them," Dr Thompson said.

"This could create an alert system to prevent ship strikes."

Dr Thompson added: "The Mediterranean is the busiest sea in the world, with rich wildlife and a high human population.

"Unfortunately, some species like these threatened whales are facing further industrial development, with oil and gas exploration and the construction of a new gas pipeline between the eastern basin and Italy.




"Some state that further hydrocarbon extraction is a violation of EU environmental protection legislation -- this expansion is not just bad for our future climate targets but for the wildlife that is already struggling in this busy sea."

Relatively little research has been done on whales and dolphins in the Eastern Mediterranean.

In this study, visual-acoustic surveys were conducted during April and May 2022.

Acoustic detections found: sperm whales (three encounters), Cuvier's beaked whales (one encounter), bottlenose dolphins (one encounter) and unidentified dolphins (17 encounters).

The study was funded by Greenpeace International.
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People without an inner voice have poorer verbal memory | ScienceDaily
The vast majority of people have an ongoing conversation with themselves, an inner voice, that plays an important role in their daily lives. But between 5-10 per cent of the population do not have the same experience of an inner voice, and they find it more difficult to perform certain verbal memory tasks, new research shows.


						
Previously, it was commonly assumed that having an inner voice had to be a human universal. But in recent years, researchers have become aware that not all people share this experience.

According to postdoc and linguist Johanne Nedergard from the University of Copenhagen, people describe the condition of living without an inner voice as time-consuming and difficult because they must spend time and effort translating their thoughts into words:

"Some say that they think in pictures and then translate the pictures into words when they need to say something. Others describe their brain as a well-functioning computer that just does not process thoughts verbally, and that the connection to loudspeaker and microphone is different from other people's. And those who say that there is something verbal going on inside their heads will typically describe it as words without sound."

Harder to remember words and rhymes

Johanne Nedergard and her colleague Gary Lupyan from the University of Wisconsin-Madison are the first researchers in the world to investigate whether the lack of an inner voice, or anendophasia as they have coined the condition, has any consequences for how these people solve problems, for example how they perform verbal memory tasks.

People who reported that they either experienced a high degree of inner voice or very little inner voice in everyday life were subjected to one experiment that aimed to determine whether there was a difference in their ability to remember language input and one about their ability to find rhyme words. The first experiment involved the participants remembering words in order -- words that were similar, either phonetically or in spelling, e.g. "bought," "caught," "taut" and "wart."

"It is a task that will be difficult for everyone, but our hypothesis was that it might be even more difficult if you did not have an inner voice because you have to repeat the words to yourself inside your head in order to remember them," Johanne Nedergard explains and continues:




"And this hypothesis turned out to be true: The participants without an inner voice were significantly worse at remembering the words. The same applied to an assignment in which the participants had to determine whether a pair of pictures contained words that rhyme, e.g. pictures of a sock and a clock. Here, too, it is crucial to be able to repeat the words in order to compare their sounds and thus determine whether they rhyme."

In two other experiments, in which Johanne Nedergard and Gary Lupyan tested the role of the inner voice in switching quickly between different tasks and distinguishing between figures that are very similar, they did not find any differences between the two groups. Despite the fact that previous studies indicate that language and the inner voice play a role in these types of experiments.

"Maybe people who don't have an inner voice have just learned to use other strategies. For example, some said that they tapped with their index finger when performing one type of task and with their middle finger when it was another type of task," Johanne Nedergard says.

The results of the two researchers' study have just been published in the article "Not everybody has an inner voice: Behavioural consequences of anendophasia" in the scientific journal Psychological Science.

Does it make a difference?

According to Johanne Nedergard, the differences in verbal memory that they have identified in their experiments will not be noticed in ordinary everyday conversations. And the question is, does not having an inner voice hold any practical or behavioural significance?




"The short answer is that we just don't know because we have only just begun to study it. But there is one field where we suspect that having an inner voice plays a role, and that is therapy; in the widely used cognitive behavioural therapy, for example, you need to identify and change adverse thought patterns, and having an inner voice may be very important in such a process. However, it is still uncertain whether differences in the experience of an inner voice are related to how people respond to different types of therapy," says Johanne Nedergard, who would like to continue her research to find out whether other language areas are affected if you do not have an inner voice.

"The experiments in which we found differences between the groups were about sound and being able to hear the words for themselves. I would like to study whether it is because they just do not experience the sound aspect of language, or whether they do not think at all in a linguistic format like most other people," she concludes.

About the study

Johanne Nedergard's and Gary Lupyan's study comprised almost a hundred participants, half of whom experienced having very little inner voice and the other half very much inner voice.

The participants were subjected to four experiments, e.g. remembering words in sequence and switching between different tasks. The study has been published in the scientific journal Psychological Science.

Johanne Nedergard and Gary Lupyan have dubbed the condition of having no inner voice anendophasia, which means without an inner voice.
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Researchers discover the universe's oldest stars in our own galactic backyard | ScienceDaily
MIT researchers, including several undergraduate students, have discovered three of the oldest stars in the universe, and they happen to live in our own galactic neighborhood.


						
The team spotted the stars in the Milky Way's "halo" -- the cloud of stars that envelopes the entire main galactic disk. Based on the team's analysis, the three stars formed between 12 and 13 billion years ago, the time when the very first galaxies were taking shape.

The researchers have coined the stars "SASS," for Small Accreted Stellar System stars, as they believe each star once belonged to its own small, primitive galaxy that was later absorbed by the larger but still growing Milky Way. Today, the three stars are all that are left of their respective galaxies. They circle the outskirts of the Milky Way, where the team suspects there may be more such ancient stellar survivors.

"These oldest stars should definitely be there, given what we know of galaxy formation," says MIT professor of physics Anna Frebel. "They are part of our cosmic family tree. And we now have a new way to find them."

As they uncover similar SASS stars, the researchers hope to use them as analogs of ultrafaint dwarf galaxies, which are thought to be some of the universe's surviving first galaxies. Such galaxies are still intact today but are too distant and faint for astronomers to study in depth. As SASS stars may have once belonged to similarly primitive dwarf galaxies but are in the Milky Way and as such much closer, they could be an accessible key to understanding the evolution of ultrafaint dwarf galaxies.

"Now we can look for more analogs in the Milky Way, that are much brighter, and study their chemical evolution without having to chase these extremely faint stars," Frebel says.

She and her colleagues have published their findings today in the Monthly Notices of the Royal Astronomical Society (MNRAS). The study's co-authors are Mohammad Mardini, at Zarqa University, in Jordan; Hillary Andales '23; and current MIT undergraduates Ananda Santos and Casey Fienberg.




Stellar frontier

The team's discoveries grew out of a classroom concept. During the 2022 fall semester, Frebel launched a new course, 8.S30(Observational Stellar Archaeology), in which students learned techniques for analyzing ancient stars and then applied those tools to stars that had never been studied before, to determine their origins.

"While most of our classes are taught from the ground up, this class immediately put us at the frontier of research in astrophysics," Andales says.

The students worked from star data collected by Frebel over the years from the 6.5-meter Magellan-Clay telescope at the Las Campanas Observatory. She keeps hard copies of the data in a large binder in her office, which the students combed through to look for stars of interest.

In particular, they were searching ancient stars that formed soon after the Big Bang, which occurred 13.8 billion years ago. At this time, the universe was made mostly of hydrogen and helium and very low abundances of other chemical elements, such as strontium and barium. So, the students looked through Frebel's binder for stars with spectra, or measurements of starlight, that indicated low abundances of strontium and barium.

Their search narrowed in on three stars that were originally observed by the Magellan telescope between 2013 and 2014. Astronomers never followed up on these particular stars to interpret their spectra and deduce their origins. They were, then, perfect candidates for the students in Frebel's class.




The students learned how to characterize a star in order to prepare for the analysis of the spectra for each of the three stars. They were able to determine the chemical composition of each one with various stellar models. The intensity of a particular feature in the stellar spectrum, corresponding to a specific wavelength of light, corresponds to a particular abundance of a specific element.

After finalizing their analysis, the students were able to confidently conclude that the three stars did hold very low abundances of strontium, barium, and other elements such as iron, compared to their reference star -- our own sun. In fact, one star contained less than 1/10,000 the amount of iron to helium compared to the sun today.

"It took a lot of hours staring at a computer, and a lot of debugging, frantically texting and emailing each other to figure this out," Santos recalls. "It was a big learning curve, and a special experience."

"On the run"

The stars' low chemical abundance did hint that they originally formed 12 to 13 billion years ago. In fact, their low chemical signatures were similar to what astronomers had previously measured for some ancient, ultrafaint dwarf galaxies. Did the team's stars originate in similar galaxies? And how did they come to be in the Milky Way?

On a hunch, the scientists checked out the stars' orbital patterns and how they move across the sky. The three stars are in different locations throughout the Milky Way's halo and are estimated to be about 30,000 light years from Earth. (For reference, the disk of the Milky Way spans 100,000 light years across.)

As they retraced each star's motion about the galactic center using observations from the Gaia astrometric satellite, the team noticed a curious thing: Relative to most of the stars in the main disk, which move like cars on a racetrack, all three stars seemed to be going the wrong way. In astronomy, this is known as "retrograde motion" and is a tipoff that an object was once "accreted," or drawn in from elsewhere.

"The only way you can have stars going the wrong way from the rest of the gang is if you threw them in the wrong way," Frebel says.

The fact that these three stars were orbiting in completely different ways from the rest of the galactic disk and even the halo, combined with the fact that they held low chemical abundances, made a strong case that the stars were indeed ancient and once belonged to older, smaller dwarf galaxies that fell into the Milky Way at random angles and continued their stubborn trajectories billions of years later.

Frebel, curious as to whether retrograde motion was a feature of other ancient stars in the halo that astronomers previously analyzed, looked through the scientific literature and found 65 other stars, also with low strontium and barium abundances, that appeared to also be going against the galactic flow.

"Interestingly they're all quite fast -- hundreds of kilometers per second, going the wrong way," Frebel says. "They're on the run! We don't know why that's the case, but it was the piece to the puzzle that we needed, and that I didn't quite anticipate when we started."

The team is eager to search out other ancient SASS stars, and they now have a relatively simple recipe to do so: First, look for stars with low chemical abundances, and then track their orbital patterns for signs of retrograde motion. Of the more than 400 billion stars in the Milky Way, they anticipate that the method will turn up a small but significant number of the universe's oldest stars.

Frebel plans to relaunch the class this fall, and looks back at that first course, and the three students who took their results through to publication, with admiration and gratitude.

"It's been awesome to work with three women undergrads. That's a first for me," she says. "It's really an example of the MIT way. We do. And whoever says, 'I want to participate,' they can do that, and good things happen."

This research was supported, in part, by the National Science Foundation.
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2023 was the hottest summer in two thousand years | ScienceDaily
Researchers have found that 2023 was the hottest summer in the Northern Hemisphere in the past two thousand years, almost four degrees warmer than the coldest summer during the same period.


						
Although 2023 has been reported as the hottest year on record, the instrumental evidence only reaches back as far as 1850 at best, and most records are limited to certain regions.

Now, by using past climate information from annually resolved tree rings over two millennia, scientists from the University of Cambridge and the Johannes Gutenberg University Mainz have shown how exceptional the summer of 2023 was.

Even allowing for natural climate variations over hundreds of years, 2023 was still the hottest summer since the height of the Roman Empire, exceeding the extremes of natural climate variability by half a degree Celsius.

"When you look at the long sweep of history, you can see just how dramatic recent global warming is," said co-author Professor Ulf Buntgen, from Cambridge's Department of Geography. "2023 was an exceptionally hot year, and this trend will continue unless we reduce greenhouse gas emissions dramatically."

The results, reported in the journal Nature, also demonstrate that in the Northern Hemisphere, the 2015 Paris Agreement to limit warming to 1.5C above pre-industrial levels has already been breached.

Early instrumental temperature records, from 1850-1900, are sparse and inconsistent. The researchers compared early instrumental data with a large-scale tree ring dataset and found the 19th century temperature baseline used to contextualise global warming is several tenths of a degree Celsius colder than previously thought. By re-calibrating this baseline, the researchers calculated that summer 2023 conditions in the Northern Hemisphere were 2.07C warmer than mean summer temperatures between 1850 and 1900.




"Many of the conversations we have around global warming are tied to a baseline temperature from the mid-19th century, but why is this the baseline? What is normal, in the context of a constantly-changing climate, when we've only got 150 years of meteorological measurements?" said Buntgen. "Only when we look at climate reconstructions can we better account for natural variability and put recent anthropogenic climate change into context."

Tree rings can provide that context, since they contain annually-resolved and absolutely-dated information about past summer temperatures. Using tree-ring chronologies allows researchers to look much further back in time without the uncertainty associated with some early instrumental measurements.

The available tree-ring data reveals that most of the cooler periods over the past 2000 years, such as the Little Antique Ice Age in the 6th century and the Little Ice Age in the early 19th century, followed large-sulphur-rich volcanic eruptions. These eruptions spew huge amounts of aerosols into the stratosphere, triggering rapid surface cooling. The coldest summer of the past two thousand years, in 536 CE, followed one such eruption, and was 3.93C colder than the summer of 2023.

Most of the warmer periods covered by the tree ring data can be attributed to the El Nino climate pattern, or El Nino-Southern Oscillation (ENSO). El Nino affects weather worldwide due to weakened trade winds in the Pacific Ocean and often results in warmer summers in the Northern Hemisphere. While El Nino events were first noted by fisherman in the 17th century, they can be observed in the tree ring data much further back in time.

However, over the past 60 years, global warming caused by greenhouse gas emissions are causing El Nino events to become stronger, resulting in hotter summers. The current El Nino event is expected to continue into early summer 2024, making it likely that this summer will break temperature records once again.

"It's true that the climate is always changing, but the warming in 2023, caused by greenhouse gases, is additionally amplified by El Nino conditions, so we end up with longer and more severe heat waves and extended periods of drought," said Professor Jan Esper, the lead author of the study from the Johannes Gutenberg University Mainz in Germany. "When you look at the big picture, it shows just how urgent it is that we reduce greenhouse gas emissions immediately."

The researchers note that while their results are robust for the Northern Hemisphere, it is difficult to obtain global averages for the same period since data is sparse for the Southern Hemisphere. The Southern Hemisphere also responds differently to climate change, since it is far more ocean-covered than the Northern Hemisphere.

The research was supported in part by the European Research Council.
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Mixed public opinion on polygenic embryo screening for IVF | ScienceDaily
Three out of four U.S. adults support the use of emerging technologies that estimate a future child's likelihood of developing health conditions influenced by multiple genes -- such as diabetes, heart disease, and depression -- before an embryo is implanted during in vitro fertilization (IVF), according to a new public opinion survey led by researchers at Harvard Medical School.


						
Results of the survey, to be published May 14 in JAMA Network Open, underscore the need for public education and conversation about the positive and negative implications of these ethically fraught technologies, the researchers said.

Although the approach, known as polygenic embryo screening, is not yet available in most IVF clinics, a few companies have begun offering such estimates -- or risk scores -- to gauge disease risk, the researchers noted.

"Polygenic embryo screening is largely unregulated in the United States, and without proper context and focused patient education, risk scores can create false expectations," said first author Remy Furrer, research fellow in bioethics in the Department of Global Health and Social Medicine in the Blavatnik Institute at HMS.

"This survey rings the alarm that geneticists, behavioral scientists, bioethicists, clinicians, and genetic counselors need to work together to figure out ways to communicate the limitations to people, so they understand what polygenic risk scores do and don't provide," he said.

Nearly three-quarters of respondents said they support using such screening to assess the risk of a future child developing a physical or psychiatric condition, such as heart disease, diabetes, or depression -- but that number dropped when people were first presented with various concerns for individuals and society.

Far fewer respondents approved the use of the technology to predict traits unrelated to disease, such as intelligence, height, and skin color.




The results suggest that educating people better about the current shortfalls and implications -- including regulating the promises that companies can make -- will temper optimism and help ensure that as these technologies develop, they will be implemented in scientifically sound, ethical, and equitable ways, the authors said.

How accurate are polygenic risk scores?

Up until now, patients undergoing IVF could choose which embryos to implant based on DNA tests that detect chromosomal abnormalities, such as Down syndrome, and diseases caused by mutations in a single gene, such as cystic fibrosis. Such screening, known as preimplantation genetic testing, is well-established and widely used.

By contrast, polygenic embryo screening estimates probabilities for conditions and traits influenced by many gene variants that each raise or lower risk by a small amount.

Experts disagree on how useful this technology might become in the future, but at present there are clear limitations to accuracy, Furrer said. Polygenic conditions arise from different combinations of genes, environment, and behaviors in ways that aren't yet fully understood. The American College of Medical Genetics and Genomics has said that polygenic embryo screening is not yet suitable for clinical use.

This gap between the state of the science and the growing availability of such tests compelled Furrer and colleagues to conduct the survey. They hope the results inspire professionals to advocate for more informed dialogue and guidance around these technologies.




"The complexities and limitations of polygenic risk scores are challenging to convey." Furrer said. "But we need to do so to ensure that people understand the high level of uncertainty that comes with estimating these risks."

By the numbers

The survey drew from the team's interviews with IVF patients and reproductive health specialists. Questions included lists of conditions, traits, and potential repercussions that participants were asked to weigh in on. The survey also made clear that polygenic risk scores could be used simply for information, to prepare for a future child, or to select an embryo for implantation.

The first part of the study surveyed more than 1,400 participants representing the wider U.S. population in age, gender, and race/ethnicity. It was conducted between March and July 2023.

Findings showed that:
    	72 percent of respondents approved of using polygenic embryo screening in general.
    	17 percent were ambivalent and 11 percent disapproved.
    	77 percent approved of selecting embryos based on risk of certain physical health conditions.
    	72 percent approved of selecting embryos based on risk of certain psychiatric health conditions.
    	36 percent approved of selecting embryos based on likelihood of certain behavioral traits.
    	30 percent approved of selecting embryos based on likelihood of certain physical traits.
    	92 percent expressed at least slight concern about polygenic embryo screening leading to false expectations about the future child.

    	About half were "very" or "extremely" concerned about negative outcomes for individuals or society.
    	82 percent said they would be at least slightly interested in using polygenic embryo screening if they were already undergoing IVF.
    	30 percent said they would consider undergoing IVF to gain access to polygenic embryo screening.

Approval was higher for using risk scores to prepare for a child than to select an embryo.

Positives and negatives

The second part of the study, conducted from March 2023 to February 2024 with about 200 respondents, placed the list of potential concerns at either the beginning or the end of the survey.

The concerns were:
    	Parents having false expectations about the future child.
    	Promoting eugenic thinking or practices -- unethical efforts to select on a wide scale for traits considered desirable.
    	Stigmatizing certain traits and conditions viewed as less desirable.
    	Treating embryos like a product by selecting them based on preferred genetic chances for conditions or traits.
    	Risk scores not being equally relevant for all ethnicities because of the Euro-centric nature of many genetic databases.
    	Unequal access to the technology due to high cost.
    	Low accuracy of genetic estimates for conditions or traits.
    	Reduced diversity of human population.
    	Possibility of nurtured genetics -- parents consciously or unconsciously shaping their children's environments based on the genetic estimates.
    	Confusion over how to interpret and use test results.
    	Guilt over decisions if the child develops a particular condition or trait.
    	Discarding of embryos.
    	Feeling pressured to use the technology.

In the second survey, respondents given the list at the start reported lower overall approval (28 percentage points less) and more uncertainty (24 percentage points higher) about polygenic embryo screening than those who saw the list at the end -- a finding that speaks to the importance of education and framing the public conversation.

How to find the right balance

Some of the survey results are nuanced, the authors note, and should not be taken as unqualified public support or rejection of polygenic embryo screening.

"These findings offer an initial glimpse into public opinion, predicated on a limited presentation of the technology," said Furrer. "Future research must explore how opinions evolve."

For instance, the team recommends further research into what it means that a majority of respondents approved of polygenic screening for selecting embryos but also expressed strong concerns about sliding into eugenics.

It will also be important to examine the role that personal and group values, such as reproductive freedom and autonomy, play in shaping public attitudes, the authors said.

The authors conclude that the work underscores the need to inform not only the public and IVF patients but also clinicians and genetic counselors, who need to be prepared to answer the rising tide of questions about the potential benefits, present limitations, and concerns surrounding polygenic embryo screening.
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First case of highly pathogenic avian influenza transmitted from cow to human confirmed | ScienceDaily
Texas Tech University's Biological Threat Research Laboratory (BTRL) played a key role in detecting the first case of highly pathogenic avian influenza (HPAI) A (H5N1) transmitted from a mammal (dairy cow) to a human.


						
The case was made public in an article published in the New England Journal of Medicine. Steve Presley, the director of The Institute of Environmental and Human Health (TIEHH) and the BTRL, and Cynthia Reinoso Webb, the biological threat coordinator at TIEHH, were co-authors on the journal publication.

The journal article explains that in March a farm worker who reported no contact with sick or dead birds, but who was in contact with dairy cattle, began showing symptoms in the eye and samples were collected by the regional health department to test for potential influenza A.

Initial testing of the samples was performed at the BTRL, which is a component of the Centers for Disease Control and Prevention (CDC) Laboratory Response Network-Biological (LRN-B) located at TIEHH.

"It's a huge thing that the virus has jumped from birds to mammals, dairy cows in this case, and then to humans," Presley said. "That's why this paper in the New England Journal of Medicine is very significant. It's going to lay the foundation, I believe, for a lot of research in the future of how the virus is evolving."

The involvement of Texas Tech's BTRL is a continuation of the partnership between regional, state and federal public health partners.

"Being part of the CDC LRN-B, we have the standing capability to test for a lot of biological threats and some that are considered emergent," Reinoso Webb explained.




The lab's standby status allowed Reinoso Webb and the Texas Tech BTRL team to respond quickly to the needs of the regional public health authority. Knowing the potential dangers of the virus, Reinoso Webb pushed the testing into the safest laboratory available, and the team went to work.

Having received the samples in the early evening, results were being reported to regional, state and federal levels within hours. By the next day the samples were on their way to the CDC for further testing and confirmation.

"We were on the phone with the CDC until around midnight discussing different scenarios and follow up requirements," Reinoso Webb said. "There is a lot of federal reporting. It was a very complicated case, even though it was two samples and one patient.

"But we had this wonderful communication with the CDC and made sure we did everything by the book. This is how it's been structured, and this is how the communication was supposed to happen."
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Today's world: Fastest rate of carbon dioxide rise over the last 50,000 years | ScienceDaily
Today's rate of atmospheric carbon dioxide increase is 10 times faster than at any other point in the past 50,000 years, researchers have found through a detailed chemical analysis of ancient Antarctic ice.


						
The findings, just published in the Proceedings of the National Academy of Sciences, provide important new understanding of abrupt climate change periods in Earth's past and offer new insight into the potential impacts of climate change today.

"Studying the past teaches us how today is different. The rate of CO2 change today really is unprecedented," said Kathleen Wendt, an assistant professor in Oregon State University's College of Earth, Ocean, and Atmospheric Sciences and the study's lead author.

"Our research identified the fastest rates of past natural CO2 rise ever observed, and the rate occurring today, largely driven by human emissions, is 10 times higher."

Carbon dioxide, or CO2, is a greenhouse gas that occurs naturally in the atmosphere. When carbon dioxideenters the atmosphere, it contributes to warming of the climate due to the greenhouse effect. In the past, the levels have fluctuated due to ice age cycles and other natural causes, but today they are rising because of human emissions.

Ice that built up in Antarctic over hundreds of thousands of years includes ancient atmospheric gasses trapped in air bubbles. Scientists use samples of that ice, collected by drilling cores up to 2 miles (3.2 kilometers) deep, to analyze the trace chemicals and build records of past climate. The U.S. National Science Foundation supported the ice core drilling and the chemical analysis used in the study.

Previous research showed that during the last ice age, which ended about 10,000 years ago, there were several periods where carbon dioxide levels appeared to jump much higher than the average. But those measurements were not detailed enough to reveal the full nature of the rapid changes, limiting scientists' ability to understand what was occurring, Wendt said.




"You probably wouldn't expect to see that in the dead of the last ice age," she said. "But our interest was piqued, and we wanted to go back to those periods and conduct measurements at greater detail to find out what was happening."

Using samples from the West Antarctic Ice Sheet Divide ice core, Wendt and colleagues investigated what was occurring during those periods. They identified a pattern that showed that these jumps in carbon dioxide occurred alongside North Atlantic cold intervals known as Heinrich Events that are associated with abrupt climate shifts around the world.

"These Heinrich Events are truly remarkable," said Christo Buizert, an associate professor in the College of Earth, Ocean, and Atmospheric Sciences and co-author of the study. "We think they are caused by a dramatic collapse of the North American ice sheet. This sets into motion a chain reaction that involves changes to the tropical monsoons, the Southern hemisphere westerly winds and these large burps of CO2 coming out of the oceans."

During the largest of the natural rises, carbon dioxide increased by about 14 parts per million in 55 years. And the jumps occurred about once every 7,000 years or so. At today's rates, that magnitude of increase takes only 5 to 6 years.

Evidence suggests that during past periods of natural carbon dioxide rise, the westerly winds that play an important role in the circulation of the deep ocean were also strengthening, leading to a rapid release of CO2 from the Southern Ocean.

Other research has suggested that these westerlies will strengthen over the next century due to climate change. The new findings suggest that if that occurs, it will reduce the Southern Ocean's capacity to absorb human-generated carbon dioxide, the researchers noted.

"We rely on the Southern Ocean to take up part of the carbon dioxide we emit, but rapidly increasing southerly winds weaken its ability to do so," Wendt said.

Additional coauthors include Ed Brook, Kyle Niezgoda and Michael Kalk of Oregon State; Christoph Nehrbass-Ahlesof the University of Bern in Switzerland and the National Physical Laboratory in the United Kingdom; Thomas Stocker, Jochen Schmitt and Hubertus Fischer of the University of Bern; Laurie Menviel of the University of New South Wales in Australia; James Rae of the University of St. Andrews in the United Kingdom; Juan Muglia of Argentina; David Ferreira of the University of Reading in the United Kingdom and Shaun Marcott of University of Wisconsin-Madison.
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Like dad and like mum...all in one plant | ScienceDaily
In a new study, led by Charles Underwood from the Max Planck Institute for Plant Breeding Research (MPIPZ) in Cologne, Germany, scientists established a system to generate clonal sex cells in tomato plants and used them to design the genomes of offspring. The fertilization of a clonal egg from one parent by a clonal sperm from another parent led to plants containing the complete genetic information of both parents. The study is now published in Nature Genetics.


						
Hybrid seeds, combining two different parent lines with specific favorable traits, are popular in agriculture as they give rise to robust crops with enhanced productivity, and have been utilized by farmers for over a hundred years.

The increased performance of hybrids is generally known as hybrid vigour, or heterosis, and has been observed in many different plant (and animal) species. However, the heterosis effect no longer persists in the subsequent generations of these hybrids due to the segregation of genetic information. Thus, new hybrid seeds need to be produced every year, a labor-intensive and expensive endeavor that doesn't work well for every crop.

So, how can the beneficial traits, encoded in the genes of hybrid plants, be transferred to the next generation?

Typically, our genetic material undergoes reshuffling during meiosis -- a crucial cell division occurring in all sexually reproducing organisms. This reshuffling, due to random segregation of chromosomes and meiotic recombination, is important in generating novel and beneficial genetic configurations in natural populations and during breeding.

However, when it comes to plant breeding, once you have a great combination you want to keep it and not lose it by reshuffling the genes again. Having a system that bypasses meiosis and would result in sex cells (egg and sperm) that are genetically identical to the parents could have several applications.

In this study, Underwood and his team established a system, in which they replace the meiosis by mitosis, a simple cell division, in the most popular vegetable crop plant, the cultivated tomato. In the so-called MiMesystem (Mitosis instead of Meiosis) the cell division mimics a mitosis, thus sidestepping genetic recombination and segregation, and produces sex cells that are exact clones of the parent plant. The concept of the MiMesystem has previously been established by MPIPZ director Raphael Mercier in Arabidopsis and rice.




A breakthrough aspect of the new study is that for the first time the researchers harnessed the clonal sex cells to engineer offspring through a process they call "polyploid genome design."

Usually, sex cells have a halved chromosome set (in humans, 46 chromosomes reduces to 23; in tomato 24 chromosomes reduces to 12) whereas the MiMe sex cells are clonal and therefore this halving of the chromosome set does not happen. Underwood and his team performed crosses that meant that the clonal egg from one MiMe tomato plant was fertilized by a clonal sperm from another MiMe tomato plant. The resulting tomato plants contained the complete genetic repertoire of both parents -- and is thereby made up of 48 chromosomes. Hence all favourable characteristics from both hybrid parents are consolidated -- by design -- in one novel tomato plant.

Because of the close genetic relationship between tomatoes and potatoes, the team around Underwood believes that the system described in this study can be easily adapted for use in potato, the world's fifth most valuable crop plant, and potentially other crop species.

In view of rising population figures and climatic changes, the development of high-yielding, sustainable, and stable varieties is crucial to securing the world's food supply in the long term. Therefore, it is critical to cultivate plants that exhibit heightened disease resistance and stress tolerance. Innovative approaches to plant reproduction technologies are essential. The MiMe system and its application in polyploid genome engineering could be one promising avenue to tackle today's agricultural challenges.

"We are really excited about the possibility of using clonal sex cells to carry out polyploid genome design. We are convinced this will allow breeders to untap further heterosis -- the progressive heterosis found in polyploids -- in a controlled manner," says Charles Underwood.

"The tomato MiMe system we have established could also be used as a component of clonal seed production -- synthetic apomixis -- in the future. This could massively reduce the cost of producing hybrid seeds," adds Yazhong Wang.
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What makes a memory? It may be related to how hard your brain had to work | ScienceDaily
The human brain filters through a flood of experiences to create specific memories. Why do some of the experiences in this deluge of sensory information become "memorable," while most are discarded by the brain?


						
A computational model and behavioral study developed by Yale scientists suggests a new clue to this age-old question, they report in the journal Nature Human Behavior. 

"The mind prioritizes remembering things that it is not able to explain very well," said Ilker Yildirim, an assistant professor of psychology in Yale's Faculty of Arts and Sciences and senior author of the paper. "If a scene is predictable, and not surprising, it might be ignored."

For example, a person may be briefly confused by the presence of a fire hydrant in a remote natural environment, making the image difficult to interpret, and therefore more memorable. "Our study explored the question of which visual information is memorable by pairing a computational model of scene complexity with a behavioral study," said Yildirim.

For the study, which was led by Yildirim and John Lafferty, the John C. Malone Professor of Statistics and Data Science at Yale, the researchers developed a computational model that addressed two steps in memory formation -- the compression of visual signals and their reconstruction.

Based on this model, they designed a series of experiments in which people were asked if they remembered specific images from a sequence of natural images shown in rapid succession. The Yale team found that the harder it was for the computational model to reconstruct an image, the more likely the image would be remembered by the participants.

"We used an AI model to try to shed light on perception of scenes by people -- this understanding could help in the development of more efficient memory systems for AI in the future," said Lafferty, who is also the director of the Center for Neurocomputation and Machine Intelligence at the Wu Tsai Institute at Yale.

Former Yale graduate students Qi Lin (Psychology) and Zifan Lin (Statistics and Data Science) are co-first authors of the paper.
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Nature's 3D printer: Bristle worms form bristles piece by piece | ScienceDaily
A new interdisciplinary study led by molecular biologist Florian Raible from the Max Perutz Labs at the University of Vienna provides exciting insights into the bristles of the marine annelid worm Platynereis dumerilii. Specialized cells, so-called chaetoblasts, control the formation of the bristles. Their mode of operation is astonishingly similar to that of a technical 3D printer. The project is a collaboration with researchers from the University of Helsinki, Vienna University of Technology and Masaryk University in Brno. The study was recently published in the journal Nature Communications.


						
Chitin is the primary building material both for the exoskeleton of insects and for the bristles of bristle worms such as the marine annelid worm Platynereis dumerilii. However, the bristle worms have a somewhat softer chitin -- the so-called beta chitin -- which is particularly interesting for biomedical applications. The bristles allow the worms to move around in the water. How exactly the chitin is formed into distinct bristles has so far remained enigmatic. The new study now provides exciting insight into this special biogenesis. Florian Raible explains: "The process begins with the tip of the bristle, followed by the middle section and finally the base of the bristles. The finished parts are pushed further and further out of the body. In this development process, the important functional units are created one after the other, piece by piece, which is similar to 3D printing."

A better understanding of processes such as these also holds potential for the development of future medical products or for the production of naturally degradable materials. Beta-chitin from the dorsal shell of squid, for example, is currently used as a raw material for the production of particularly well-tolerated wound dressings. "Perhaps in the future it will also be possible to use annelid cells to produce this material," says Raible.

The exact biological background to this: so-called chaetoblasts play a central role in this process. Chaetoblasts are specialized cells with long surface structures, so-called microvilli. These microvilli harbor a specific enzyme that the researches could show to be responsible for the formation of chitin, the material from which the bristles are ultimately made. The researchers' results show a dynamic cell surface characterized by geometrically arranged microvilli.

The individual microvilli have a similar function to the nozzles of a 3D printer. Florian Raible explains: "Our analysis suggests that the chitin is produced by the individual microvilli of the chaetoblast cell. The precise change in the number and shape of these microvilli over time is therefore the key to shaping the geometric structures of the individual bristles, such as individual teeth on the bristle tip, which are precise down to the sub-micrometer range." The bristles usually develop within just two days and can have different shapes; depending on the worm's stage of development, they are shorter or longer, more pointed or flatter.

In addition to the local collaboration with the Vienna University of Technology and imaging specialists from the University of Brno, the cooperation with the Jokitalo laboratory at the University of Helsinki proved to be a great benefit for the researchers at the University of Vienna. Using their expertise in serial block-face scanning electron microscopy (SBF-SEM), the researchers investigated the arrangement of microvilli in the bristle formation process and proposed a 3D model for the synthesis of bristle formation. First author Kyojiro Ikeda from the University of Vienna explains: "Standard electron tomography is very labor-intensive, as the cutting of the samples and their examination in the electron microscope must be done manually. With this approach, however, we can reliably automate the analysis of thousands of layers."

The Raible group is currently working on improving the resolution of the observation in order to reveal even more details about bristle biogenesis.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240513105156.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Plant virus treatment shows promise in fighting metastatic cancers in mice | ScienceDaily
An experimental treatment made from a plant virus is effective at protecting against a broad range of metastatic cancers in mice, shows a new study from the University of California San Diego.


						
The treatment, composed of nanoparticles fashioned from the cowpea mosaic virus -- a virus that infects black-eyed pea plants -- showed remarkable success in improving survival rates and suppressing the growth of metastatic tumors across various cancer models, including colon, ovarian, melanoma and breast cancer. Similar outcomes were also observed when the treatment was administered to mice whose tumors were surgically removed.

The findings were published recently in Advanced Science.

The new study builds upon previous research by the lab of Nicole Steinmetz, a professor of nanoengineering, director of the Center for Nano-ImmunoEngineering and co-director of the Center for Engineering in Cancer, all at UC San Diego. Steinmetz and colleagues have been using cowpea mosaic virus nanoparticles to trigger the immune system to fight cancer and prevent it from spreading and recurring. In early studies, the approach involved injecting the plant virus nanoparticles directly into tumors to stimulate an immune response. Even though the virus is non-infectious in mammals, the body's immune cells still recognize it as foreign, triggering a robust immune reaction against the existing tumor, as well as any future tumors.

Now, Steinmetz and her team show that the plant virus nanoparticles do not need to be injected directly into tumors to be effective. Administering the nanoparticles systemically improved survival rates and inhibited metastasis across various cancer types.

"Here, we do not treat established tumors or metastatic disease -- we prevent them from forming. We are providing a systemic treatment to wake up the body's immune system to eliminate the disease before metastases even form and settle," said Steinmetz.

To make the nanoparticles, the researchers grew black-eyed pea plants in the lab and infected them with cowpea mosaic virus. Millions of copies of the virus were grown and harvested in the form of ball-shaped nanoparticles, which required no further modification before use in experiments. "Nature's powerful nanoparticles, as produced in black-eyed pea plants," said Steinmetz.




The researchers tested the efficacy of the treatment in mouse models of colon, ovarian, melanoma and breast cancers. Mice injected with cowpea mosaic virus nanoparticles -- and then challenged with metastatic tumors a week later -- exhibited improved survival rates and reduced tumor growth compared to untreated mice. Even when challenged with new tumors a month later, treated mice exhibited similar outcomes.

The researchers are particularly excited about the treatment's effectiveness post-surgery. In another set of experiments, administering the nanoparticles after surgical removal of tumors resulted in improved survival rates and decreased tumor regrowth in mice.

"Even if you perform surgery to remove the tumors, no surgery is perfect and there is outgrowth of metastasis if no additional treatment is provided," said Steinmetz. "Here, we use our plant virus nanoparticles after surgery to boost the immune system to reject any residual disease and prevent circulating tumor cells from metastatic seeding. We found that it works really, really well!"

The goal is to gear up for clinical trials. As the research progresses, the team will be conducting safety studies and exploring the treatment's efficacy in pet animals with cancer. Future studies will also focus on understanding the mechanisms underlying the immune-boosting properties of cowpea mosaic virus nanoparticles.

This work was supported in part by the National Institutes of Health (R01-CA224605, R01-CA274640, R01-CA253615) and the Shaughnessy Family Fund for Nano-ImmunoEngineering at UC San Diego.
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AI systems are already skilled at deceiving and manipulating humans | ScienceDaily
Many artificial intelligence (AI) systems have already learned how to deceive humans, even systems that have been trained to be helpful and honest. In a review article publishing in the journal Patterns on May 10, researchers describe the risks of deception by AI systems and call for governments to develop strong regulations to address this issue as soon as possible.


						
"AI developers do not have a confident understanding of what causes undesirable AI behaviors like deception," says first author Peter S. Park, an AI existential safety postdoctoral fellow at MIT. "But generally speaking, we think AI deception arises because a deception-based strategy turned out to be the best way to perform well at the given AI's training task. Deception helps them achieve their goals."

Park and colleagues analyzed literature focusing on ways in which AI systems spread false information -- through learned deception, in which they systematically learn to manipulate others.

The most striking example of AI deception the researchers uncovered in their analysis was Meta's CICERO, an AI system designed to play the game Diplomacy, which is a world-conquest game that involves building alliances. Even though Meta claims it trained CICERO to be "largely honest and helpful" and to "never intentionally backstab" its human allies while playing the game, the data the company published along with its Science paper revealed that CICERO didn't play fair.

"We found that Meta's AI had learned to be a master of deception," says Park. "While Meta succeeded in training its AI to win in the game of Diplomacy -- CICERO placed in the top 10% of human players who had played more than one game -- Meta failed to train its AI to win honestly."

Other AI systems demonstrated the ability to bluff in a game of Texas hold 'em poker against professional human players, to fake attacks during the strategy game Starcraft II in order to defeat opponents, and to misrepresent their preferences in order to gain the upper hand in economic negotiations.

While it may seem harmless if AI systems cheat at games, it can lead to "breakthroughs in deceptive AI capabilities" that can spiral into more advanced forms of AI deception in the future, Park added.




Some AI systems have even learned to cheat tests designed to evaluate their safety, the researchers found. In one study, AI organisms in a digital simulator "played dead" in order to trick a test built to eliminate AI systems that rapidly replicate.

"By systematically cheating the safety tests imposed on it by human developers and regulators, a deceptive AI can lead us humans into a false sense of security," says Park.

The major near-term risks of deceptive AI include making it easier for hostile actors to commit fraud and tamper with elections, warns Park. Eventually, if these systems can refine this unsettling skill set, humans could lose control of them, he says.

"We as a society need as much time as we can get to prepare for the more advanced deception of future AI products and open-source models," says Park. "As the deceptive capabilities of AI systems become more advanced, the dangers they pose to society will become increasingly serious."

While Park and his colleagues do not think society has the right measure in place yet to address AI deception, they are encouraged that policymakers have begun taking the issue seriously through measures such as the EU AI Act and President Biden's AI Executive Order. But it remains to be seen, Park says, whether policies designed to mitigate AI deception can be strictly enforced given that AI developers do not yet have the techniques to keep these systems in check.

"If banning AI deception is politically infeasible at the current moment, we recommend that deceptive AI systems be classified as high risk," says Park.

This work was supported by the MIT Department of Physics and the Beneficial AI Foundation.
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ONe novae stellar explosion may be source of our phosphorus | ScienceDaily
Astronomers have proposed a new theory to explain the origin of phosphorus, one of the elements important for life on Earth. The theory suggests a type of stellar explosion known as ONe novae as a major source of phosphorus.


						
After the Big Bang, almost all of the matter in the Universe was comprised of hydrogen. Other elements were formed later, by nuclear reactions inside stars or when stars exploded in events known as novae or supernovae. But there are a variety of stars and a variety of ways they can explode. Astronomers are still trying to figure out which processes were important in creating the abundances of elements we see in the Universe.

In this study, Kenji Bekki, at The University of Western Australia, and Takuji Tsujimoto, at the National Astronomical Observatory of Japan, proposed a new model based on oxygen-neon novae, denoted as "ONe novae," to explain the abundance of phosphorus. A ONe nova occurs when matter builds up on the surface of an oxygen-neon-magnesium rich white dwarf star and is heated to the point to ignite explosive run-away nuclear fusion.

The model predicts that a large amount of phosphorus will be released in a ONe nova and that the number of novae will depend on the chemical composition, specifically the iron content, of the stars. The researchers estimate that the rate of ONe novae peaked around 8 billion years ago, meaning that phosphorus would have been readily available when the Solar System started to form around 4.6 billion years ago.

The model predicts that ONe novae will produce a chlorine enhancement similar to the phosphorus enhancement. There is not yet enough observational data for chlorine to confirm this and it provides a testable hypothesis to check the validity of the ONe novae model. Future observations of stars in the outer part of the Milky Way Galaxy will provide the data needed to see if the predicted iron dependency and chlorine enhancement match reality, or if a rethink is needed.
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How the brain is flexible enough for a complex world (without being thrown into chaos) | ScienceDaily
Every day our brains strive to optimize a trade-off: With lots of things happening around us even as we also harbor many internal drives and memories, somehow our thoughts must be flexible yet focused enough to guide everything we have to do. In a new paper in Neuron, a team of neuroscientists describes how the brain achieves the cognitive capacity to incorporate all the information that's relevant without becoming overwhelmed by what's not.


						
The authors argue that the flexibility arises from a key property observed in many neurons: "mixed selectivity." While many neuroscientists used to think each cell had just one dedicated function, more recent evidence has shown that many neurons can instead participate in a variety of computational ensembles, each working in parallel. In other words, when a rabbit considers nibbling on some lettuce in a garden, a single neuron might be involved in not only assessing how hungry it feels but also whether it can hear a hawk overhead or smell a coyote in the trees and how far away the lettuce is.

The brain does not multitask, said paper co-author Earl K. Miller, Picower Professor in The Picower Institute for Learning and Memory at MIT and a pioneer of the mixed selectivity idea, but many cells do have the capacity to be roped into multiple computational efforts (essentially "thoughts"). In the new paper the authors describe specific mechanisms the brain employs to recruit neurons into different computations and to ensure that those neurons represent the right number of dimensions of a complex task.

"These neurons wear multiple hats," Miller said. "With mixed selectivity you can have a representational space that's as complex as it needs to be and no more complex. That's what flexible cognition is all about."

Co-author Kay Tye, Professor at The Salk Institute and the University of California at San Diego, said mixed selectivity among neurons particularly in the medial prefrontal cortex is key to enabling many mental abilities.

"The mPFC is like a hum of whispers that represents so much information through highly flexible and dynamic ensembles," Tye said. "Mixed selectivity is the property that endows us with our flexibility, cognitive capacity, and ability to be creative. It is the secret to maximizing computational power which is essentially the underpinnings of intelligence."

Origins of an idea

The idea of mixed selectivity germinated in 2000 when Miller and colleague John Duncan defended a surprising result from a study of cognition in Miller's lab. As animals sorted images into categories, about 30 percent of the neurons in the prefrontal cortex of the brain seemed to be involved. Skeptics who believed that every neuron had a dedicated function scoffed that the brain would devote so many cells to just one task. Miller and Duncan's answer was that perhaps cells had the flexibility to be involved in many computations. The ability to serve on one cerebral task force, as it were, did not preclude them from being able to serve many others.




But what benefit does mixed selectivity convey? In 2013 Miller teamed up with two co-authors of the new paper, Mattia Rigotti of IBM Research and Stefano Fusi of Columbia University, to show how mixed selectivity endows the brain with powerful computational flexibility. Essentially, an ensemble of neurons with mixed selectivity can accommodate many more dimensions of information about a task than a population of neurons with invariant functions.

"Since our original work, we've made progress understanding the theory of mixed selectivity through the lens of classical machine learning ideas," Rigotti said. "On the other hand, questions dear to experimentalists about the mechanisms implementing it at a cellular level had been comparatively under-explored. This collaboration and this new paper set out to fill that gap."

In the new paper the authors imagine a mouse who is considering whether to eat a berry. It might smell delicious (that's one dimension). It might be poisonous (that's another). Yet another dimension or two of the problem could come in the form of a social cue. If the mouse smells the berry scent on a fellow mouse's breath, then the berry is probably OK to eat (depending on the apparent health of the fellow mouse). A neural ensemble with mixed selectivity would be able to integrate all that.

Recruiting neurons

While mixed selectivity has the backing of copious evidence -- it has been observed across the cortex and in other brain areas such as the hippocampus and amygdala -- there are still open questions. For instance, how are neurons recruited to tasks and how do neurons that are so "open-minded" remain tuned only to what really matters to the mission?

In the new study, the researchers who also include Marcus Benna of UC San Diego and Felix Taschbach of The Salk Institute, define the forms of mixed selectivity that researchers have observed, and argue that when oscillations (also known as "brain waves") and neuromodulators (chemicals such as serotonin or dopamine that influence neural function) recruit neurons into computational ensembles, they also help them "gate" what's important for that purpose.




To be sure, some neurons are dedicated to a specific input, but the authors note they are an exception rather than the rule. The authors say these cells have "pure selectivity." They only care if the rabbit sees lettuce. Some neurons exhibit "linear mixed selectivity," which means their response predictably depends on multiple inputs adding up (the rabbit sees lettuce and feels hungry). The neurons that add the most dimensional flexibility are the "nonlinear mixed selectivity" ones that can account for multiple independent variables without necessarily summing them. Instead they might weigh a whole set of independent conditions (e.g. there's lettuce, I'm hungry, I hear no hawks, I smell no coyotes, but the lettuce is far and I see a pretty sturdy fence).

So what brings neurons into the fold to focus on the salient factors, however many there are? One mechanism is oscillations, which are produced in the brain when many neurons all maintain their electrical activity at the same rhythm. This coordinated activity enables information sharing, essentially tuning them together like a bunch of cars all playing the same radio station (maybe the broadcast is about a hawk circling overhead). Another mechanism the authors highlight is neuromodulators. These are chemicals that upon reaching receptors within cells can influence their activity as well. A burst of acetylcholine, for instance, might similarly attune neurons with the right receptors to certain activity or information (like maybe that feeling of hunger).

"These two mechanisms likely work together to dynamically form functional networks," the authors write.

Understanding mixed selectivity, they continue, is critical to understanding cognition.

"Mixed selectivity is ubiquitous," they conclude. "It is present across species and across functions from high-level cognition to 'automatic' sensorimotor processes such as object recognition. The widespread presence of mixed selectivity underscores its fundamental role in providing the brain with the scalable processing power needed for complex thought and action."
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Squeezed by neighbors, planet glows with molten lava | ScienceDaily
UC Riverside astrophysicist Stephen Kane had to double check his calculations. He wasn't sure the planet he was studying could be as extreme as it seemed.


						
Kane never expected to learn that a planet in this faraway star system is covered with so many active volcanoes that seen from a distance it would take on a fiery, glowing-red hue.

"It was one of those discovery moments that you think, 'wow, it's amazing this can actually exist," Kane said. A paper detailing the discovery has been published in The Astronomical Journal.

Launched in 2018, NASA's Transiting Exoplanet Survey Satellite, or TESS, searches for exoplanets -- planets outside our solar system -- that orbit the brightest stars in the sky, including those that could support life.

Kane was studying a star system called HD 104067 about 66 light years away from our sun that was already known to harbor a giant planet. TESS had just discovered signals for a new rocky planet in that system. In gathering data about that planet, he unexpectedly found yet another one, bringing the total number of known planets in the system to three.

The new TESS-discovered planet is a rocky planet like Earth, but 30% larger. However, unlike Earth, it has more in common with Io, Jupiter's rocky innermost moon and the most volcanically active body in our solar system.

"This is a terrestrial planet that I would describe as Io on steroids," Kane said. "It's been forced into a situation where it's constantly exploding with volcanoes. At optical wavelengths you would be able to see a glowing, red-hot planet with a molten lava surface."

Kane calculated that the surface temperature of the new planet, TOI-6713.01, would be 2,600 degrees Kelvin, which is hotter than some stars.




Gravitational forces are to blame for the volcanic activity both on Io and on this planet. Io is very close to Jupiter. Kane explained that Jupiter's other moons force Io into an elliptical or "eccentric" orbit around the planet, which itself has a very strong gravitational pull.

"If the other moons weren't there, Io would be in a circular orbit around the planet, and it would be quiet on the surface. Instead, Jupiter's gravity squeezes Io so much that it erupts in volcanoes constantly," Kane said.

Similarly, there are two planets in the HD 104067 system that are farther away from the star than this new planet. Those outer planets are also forcing the inner rocky planet into an eccentric orbit around the star that squeezes it as it orbits and rotates.

Kane likens this scenario to racquetball, where the small rubber game ball bounces more and gets hotter as it is constantly hit with paddles. This effect is called tidal energy, a term used when referencing one body's gravitational effect on another body. On Earth, tides are mostly the result of the moon's gravity dragging our oceans along.

Moving forward, Kane and his colleagues would like to measure the mass of the flaming planet and learn its density. This would tell them how much material is available to blow out of the volcanoes.

Kane said that tidal effects on planets hasn't historically been a big focus of exoplanet research. Perhaps that will change with this discovery.

"This teaches us a lot about the extremes of how much energy can be pumped into a terrestrial planet, and the consequences of that," Kane said. "While we know that stars contribute to the heat of a planet, the vast majority of the energy here is tidal and that cannot be ignored."
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A fragment of human brain, mapped in exquisite detail | ScienceDaily
A cubic millimeter of brain tissue may not sound like much. But considering that tiny square contains 57,000 cells, 230 millimeters of blood vessels, and 150 million synapses, all amounting to 1,400 terabytes of data, Harvard and Google researchers have just accomplished something enormous.   


						
A Harvard team led by Jeff Lichtman, the Jeremy R. Knowles Professor of Molecular and Cellular Biology and newly appointed dean of science, has co-created with Google researchers the largest synaptic-resolution, 3D reconstruction of a piece of human brain to date, showing in vivid detail each cell and its web of neural connections in a piece of human temporal cortex about half the size of a rice grain.

The feat, published in Science, is the latest in a nearly 10-year collaboration with scientists at Google Research, who combine Lichtman's electron microscopy imaging with AI algorithms to color-code and reconstruct the extremely complex wiring of mammal brains. The paper's three co-first authors are former Harvard postdoctoral researcher Alexander Shapson-Coe; Micha? Januszewski of Google Research, and Harvard postdoctoral researcher Daniel Berger.

The collaboration's ultimate goal, supported by the National Institutes of Health BRAIN Initiative, is to create a high-resolution map of a whole mouse brain's neural wiring, which would entail about 1,000 times the amount of data they just produced from the 1-cubic-millimeter fragment of human cortex.  

"The word 'fragment' is ironic," Lichtman said. "A terabyte is, for most people, gigantic, yet a fragment of a human brain - just a miniscule, teeny-weeny little bit of human brain - is still thousands of terabytes."  

The latest map in Science contains never-before-seen details of brain structure, including a rare but powerful set of axons connected by up to 50 synapses. The team also noted oddities in the tissue, such as a small number of axons that formed extensive whorls. Since their sample was taken from a patient with epilepsy, they're unsure if such unusual formations are pathological or simply rare.

Lichtman's field is "connectomics," which, analogous to genomics, seeks to create comprehensive catalogues of brain structure, down to individual cells and wiring. Such completed maps would light the way toward new insights into brain function and disease, about which scientists still know very little.

Google's state-of-the-art AI algorithms allow for reconstruction and mapping of brain tissue in three dimensions. The team has also developed a suite of publicly available tools researchers can use to examine and annotate the connectome.

"Given the enormous investment put into this project, it was important to present the results in a way that anybody else can now go and benefit from them," said Google Research collaborator Viren Jain.

Next the team will tackle the mouse hippocampal formation, which is important to neuroscience for its role in memory and neurological disease.
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        Very early blood pressure control confers both benefits and harms in acute stroke
        Early identification of stroke type could be key to harnessing the benefits of very early in-ambulance blood pressure lowering treatment in patients with suspected acute stroke, according to new research.

      

      
        Why do we overindulge?
        If you tend to do other things or get distracted while eating dinner, you may be running the risk of over-consuming everyday pleasures later, possibly because the distraction caused you to enjoy yourself less, according to new research.

      

      
        When saying 'please' is more strategic than magic
        By kindergarten age, most children have been taught that 'please' is a magic word. 'Please' is an expression of politeness that shows courtesy and respect, turning a potential demand into a request that will -- poof! -- magically be granted. But a new study on the ways people make requests of one another suggests that 'please' might not be an all-purpose marker of politeness, but rather a more focused, strategic tool to manage frictions or obstacles among family members, friends and even coworker...

      

      
        Blood pressure drugs more than double bone-fracture risk in nursing home patients
        New research finds a link between common medications and life-threatening injuries.

      

      
        Infertility treatment doubles the risk of postpartum heart disease
        Researchers tie infertility treatment to a particular risk for hypertensive diseases.

      

      
        Scientists want to know how the smells of nature benefit our health
        Spending time in nature is good for us. And knowing more about nature's effects on our bodies could not only help our well-being, but could also improve how we care for land, preserve ecosystems and design cities, homes and parks. Many studies have focused on how seeing nature affects us. A team of scientists from around the world wants to understand what the nose knows. They are calling for more research into how odors and scents from natural settings impact our health and well-being.

      

      
        The crystallization of memory: Study reveals how practice forms new memory pathways in the brain
        A new study has shown that repetitive practice not only is helpful in improving skills but also leads to profound changes in the brain's memory pathways.

      

      
        New insights into phage therapy design
        Results from a new study are providing new insights into the therapeutic potential of bacteriophage (phage) therapy for treating diseases like cystic fibrosis (CF).

      

      
        This time, it's personal: Enhancing patient response to cancer immunotherapy
        Scientists uncover why cancer patients with ARID1A gene mutations are more likely to respond to immunotherapy, discovering ARID1A mutations invite cancer-fighting immune cells into tumors by triggering an antiviral-like response. Their findings could help improve cancer care and drug development for many cancer types, including endometrial, ovarian, colon, gastric, liver, and pancreatic cancers.

      

      
        Heating proteins to body temperature reveals new drug targets
        Some proteins shift their shape when exposed to different temperatures, revealing previously unknown binding sites for medications. The findings could revolutionize wide swathes of biology by fundamentally changing how protein structure is studied and leveraged for drug design.

      

      
        Research sheds light on how proteins linked to Alzheimer's disease influence neuronal growth
        New research has shed light in the complex interplay between cell proteins, and how they impact on neurons in neurodevelopmental disorders and Alzheimer's disease.

      

      
        An active agent against hepatitis E
        At present, there is no specific active substance against hepatitis E. As the disease kills 70,000 people every year, researchers are actively searching for one. A team may have found what they're looking for. The researchers showed that the compound K11777 prevents host cells from helping the virus out of its shell by cleaving the viral capsid. This means it can no longer infect cells.

      

      
        New group training tool for the prevention of dementia
        The system is already in use in retirement homes. Researchers have now tested how effective it is in a scientific study.

      

      
        Two genes of the germline are essential for the development of brain tumors in Drosophila
        Researchers have discovered that blocking both genes brings about a significant reduction in tumor size. The study reveals important differences between tumors in male and female Drosophila and how this often overlooked biological variable could impact cancer treatment.

      

      
        Exploring the mechanism behind drug eruptions in the skin
        Although drug eruptions are often linked to the human leukocyte antigen (HLA), the mechanism of its involvement in presenting symptoms of the skin remains unclear. In a recent study, researchers used genetically engineered mice to demonstrate the role of HLA in mediating intracellular reactions in keratinocytes, leading to drug eruptions in the skin. Their findings could lead to improved preventive and treatment measures for drug eruptions.

      

      
        Longer sprint intervals can improve muscle oxygen utilization compared to shorter intervals
        Sprint interval training (SIT) is a form of exercise characterized by cycles of intense exercise which are interspersed by short durations of rest. In a recent study, researchers deep dive into the intricate connections among various parameters of SIT, such as duration and repetitions, and the resulting physiological responses. Their findings can aid in developing well-informed and tailored sprint training regimens that significantly benefit the modern-day population.

      

      
        Fighting fat and inflammation: Scientists develop powerful new compounds
        Obesity and inflammatory diseases are increasing in prevalence and contribute to the growing burden of lifestyle disorders such as diabetes and hypertension. There is a lack of naturally derived alternatives to tackle these issues. Researchers have synthesized novel amino acid derivatives of menthol and studied its properties. The menthyl esters showed exceptional anti-inflammatory and anti-obesity activities during preclinical studies and can be developed as therapeutic compounds with further re...

      

      
        New cardiac research will save women's lives by improving detection of heart failure
        An important new study has advanced how heart failure is detected in women -- meaning more female patients can be diagnosed and at an earlier stage.

      

      
        Robots' and prosthetic hands' sense of touch could be as fast as humans
        Research could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. The technology could also be used to help restore lost functionality to patients after a stroke.

      

      
        Highly pathogenic avian flu detected in New York City wild birds
        A small number of New York City wild birds carry highly pathogenic H5N1 avian influenza, according to a recent study.

      

      
        Repurposed beer yeast may offer a cost-effective way to remove lead from water
        Engineered yeast-containing hydrogel capsules could be used to remove lead from contaminated water rapidly and inexpensively. The work could be especially useful in low-income areas with high lead contamination.

      

      
        Alzheimer's disease without symptoms: How is that possible?
        Everyone experiences aging in their own way, and factors such as genetics, lifestyle and environment play a role in this process. Some individuals reach the age of 90 or even 100 in good health, without medications or brain disease. But how do these individuals maintain their health as they age?

      

      
        An astrocytic pH regulator that can repair the blood-brain barrier and reverse brain damage caused by ischemic stroke
        A recent study has found that an ion transporter protein that regulates the pH of specific brain cells can repair the blood-brain barrier and restore normal brain function after ischemic stroke. The study has revealed novel and specific therapeutic targets for ischemic stroke and related brain conditions for which no targeted treatments exist currently.

      

      
        Global methane emissions automatically detected in satellite imagery using AI
        Methane is particularly targeted for curbing greenhouse gas emissions because its significant global-warming potential in the short term exceeds carbon dioxide by over 80-fold. However, monitoring methane emissions and compiling their quantities have been challenging due to limiting trade-offs with existing detection methods. Researchers developed a method to automatically detect methane emissions at a global scale, potentially providing methane detection at high frequency and high resolution fro...

      

      
        Far from toxic, lactate rivals glucose as body's major fuel after a carbohydrate meal
        Scientists have documented the benefits of lactate burning in exercising humans, but few studies have looked at the role of lactate during rest or after a meal. Exercise physiologists challenged fasting men and women with a carbohydrate meal and then monitored lactate in the blood and fat vs carbohydrate metabolism. They found that lactate buffers glucose from a meal, and that lactate is utilized for energy almost as much as glucose.

      

      
        Study links sleep apnea severity during REM stage to verbal memory decline
        A research team has revealed the link between the frequency of sleep apnea events during the rapid-eye-movement stage and the severity of verbal memory impairment in older adults at risk for Alzheimer's disease. Verbal memory refers to the cognitive ability to retain and recall information presented through spoken words or written text and is particularly vulnerable to Alzheimer's.

      

      
        Petroleum, chlorine mix could yield harmful byproducts
        A new study shows that chlorine mixed with petroleum in water can potentially produce inadvertent byproducts harmful to human health.

      

      
        Study explores role of epigenetics, environment in differing Alzheimer's risk between Black and white communities
        Environmentally caused alterations to specific areas of the genome -- known as imprint control regions -- during early development may contribute to the risk of developing Alzheimer's disease, and Black people may be more affected than white people.

      

      
        Bitter makes the stomach acidic, but how?
        In the stomach, so-called parietal cells are responsible for acid production. They react not only to the body's own messenger molecules, but also to bitter-tasting food constituents such as caffeine. A research team has now carried out a study on a human gastric cell line. Their results help to clarify the molecular regulatory mechanisms by which bitter substances influence gastric acid production.

      

      
        Artificial intelligence tool to improve heart failure care
        The powerful new AI tool can predict heart failure outcomes in specific patients, helping doctors improve care.

      

      
        People without an inner voice have poorer verbal memory
        The vast majority of people have an ongoing conversation with themselves, an inner voice, that plays an important role in their daily lives. But between 5-10 per cent of the population do not have the same experience of an inner voice, and they find it more difficult to perform certain verbal memory tasks, new research shows.

      

      
        Some brain cells age faster and are more prevalent in Alzheimer's
        Engineers have discovered that some brain cells age more rapidly than others, and they are disproportionately abundant in individuals afflicted with Alzheimer's disease. Additionally, researchers observed male-female-specific differences in the aging process of certain brain cells, with the female cortex exhibiting a higher ratio of 'old' oligodendrocytes to 'old' neurons compared to the male cortex. The discoveries were made possible by a new technique called MUSIC (multinucleic acid interaction...

      

      
        People with more copies of ribosomal DNA may have higher risks of developing disease
        Ribosomal DNA (rDNA) is present in hundreds of copies in the genome, but has not previously been part of genetic analyses. A new study of 500,000 individuals indicates that people who have more copies of rDNA are more likely to develop inflammation and diseases during their lifetimes.

      

      
        Newly identified PET biomarker predicts success of immune checkpoint blockade therapy
        The protein galectin-1 (Gal-1) has been identified as a new PET imaging biomarker for immune checkpoint blockade (ICB) therapy, allowing physicians to predict the tumor responses before beginning treatment. Information garnered from Gal-1 PET imaging could also be used to facilitate patient stratification and optimize immunotherapy, enabling targeted interventions and improving patient outcomes.

      

      
        Distinct population of 'troublemaker' platelet cells appear with aging, lead to blood clotting, disease
        Researchers have discovered a distinct, secondary population of platelets that appears with aging and have hyperreactive behavior and unique molecular properties, which could make them easier to target with medication.

      

      
        Mixed public opinion on polygenic embryo screening for IVF
        Survey reveals nearly three-quarters of U.S. adults support using emerging technology to screen embryos during IVF for risk of developing certain health conditions or traits that arise from more than one gene. Only about one-third of respondents approved of using the technology to predict traits unrelated to disease. Nearly all expressed concerns about potential negative outcomes for individuals or society. Findings underscore need for public education about benefits, limitations, ethical hazards...

      

      
        Innovative 'mini-brains' could revolutionize Alzheimer's treatment
        New research could revolutionize the way Alzheimer's and other brain-related diseases are diagnosed and treated -- by building tiny brains in a petri dish.

      

      
        First case of highly pathogenic avian influenza transmitted from cow to human confirmed
        in March a farm worker who reported no contact with sick or dead birds, but who was in contact with dairy cattle, began showing symptoms in the eye and samples were collected by the regional health department to test for potential influenza A. Experts have now confirmed the first case of highly pathogenic avian influenza transmission from a mammal (dairy cow) to a human.

      

      
        Persistent strain of cholera defends itself against forces of change, scientists find
        A longstanding mystery about the strain of Vibrio cholerae (V. cholerae) responsible for the seventh global cholera pandemic is how this lineage has managed to out-compete other pathogenic variants. The team identified a unique quirk of the immune system that protects the bacteria from a key driver of bacterial evolution.

      

      
        Insights into protein evolution
        A research team has unveiled a breakthrough in understanding how specific genetic sequences, known as pseudogenes, evolve.

      

      
        Just believing that an AI is helping boosts your performance
        Sometimes it seems like an AI is helping, but the benefit is actually a placebo effect -- people performing better simply because they expect to be doing so -- according to new research. The study also shows how difficult it is to shake people's trust in the capabilities of AI systems.

      

      
        Cats purrfectly demonstrate what it takes to trust robots
        Would you trust a robot to look after your cat? New research suggests it takes more than a carefully designed robot to care for your cat, the environment in which they operate is also vital, as well as human interaction.

      

      
        New gel breaks down alcohol in the body
        Researchers have developed a protein-based gel that breaks down alcohol in the gastrointestinal tract without harming the body. In the future, people who take the gel could reduce the harmful and intoxicating effects of alcohol.

      

      
        New viruses that could cause epidemics on the horizon
        Suddenly they appear and -- like the SARS-CoV-2 coronavirus -- can trigger major epidemics: Viruses that nobody had on their radar. They are not really new, but they have changed genetically. In particular, the exchange of genetic material between different virus species can lead to the sudden emergence of threatening pathogens with significantly altered characteristics.

      

      
        New drug makes exercise, everyday tasks easier for people with common heart condition
        People with the heart condition obstructive cardiomyopathy were able to use significantly more oxygen while exercising after taking the investigational drug aficamten, according to a new study.

      

      
        New molecule mimics the anti-clotting action of blood-sucking organisms
        Nature gave ticks, mosquitoes and leaches a quick-acting way to keep blood from clotting while they extract their meal from a host. Now the key to that method has been harnessed by a team of researchers as a potential anti-clotting agent that could be used as an alternative to heparin during angioplasty, dialysis care, surgeries and other procedures.

      

      
        Research on centromere structure yields new insights into the mechanisms of chromosome segregation errors
        Researchers have made a surprising new discovery in the structure of the centromere, a structure that is involved in ensuring that chromosomes are segregated properly when a cell divides. Mistakes in chromosome segregation can lead to cell death and cancer development. The researchers discovered that the centromere consists of two subdomains. This fundamental finding has important implications for the process of chromosome segregation and provides new mechanisms underlying erroneous divisions in ...

      

      
        Potential power and pitfalls of harnessing artificial intelligence for sleep medicine
        A new article highlights how artificial intelligence stands on the threshold of making monumental contributions to the field of sleep medicine. Through a strategic analysis, researchers examined advancements in AI within sleep medicine and spotlighted its potential in revolutionizing care in three critical areas: clinical applications, lifestyle management, and population health. The committee also reviewed barriers and challenges associated with using AI-enabled technologies.

      

      
        New study shows certain combinations of antiviral proteins are responsible for lupus symptoms and affect treatment outcomes
        Researchers say they have uncovered insights as to why lupus symptoms and severity present differently in individuals with the autoimmune condition, which affects up to 1.5 million Americans. The team says this is a crucial step forward in understanding biological mechanisms behind lupus, and may also lead to shifts in how clinicians treat patients with the condition.

      

      
        Study reveals patients with brain injuries who died after withdrawal of life support may have recovered
        Analysis of 1,392 patients with traumatic brain injuries (TBIs) found that some patients for whom life support was withdrawn may have survived and recovered some level of independence a few months after injury. Families are often asked to make decision to withdraw life support within 72 hours of a brain injury, and the new study suggests delaying decisions may be beneficial for some patients.
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Very early blood pressure control confers both benefits and harms in acute stroke | ScienceDaily
Early identification of stroke type could be key to harnessing the benefits of very early in-ambulance blood pressure lowering treatment in patients with suspected acute stroke, according to new research.


						
The findings were presented at the 10th European Stroke Organisation Conference in Basel, Switzerland and simultaneously published in the New England Journal of Medicine.1

Professor Craig Anderson, Director of Global Brain Health at The George Institute for Global Health and lead investigator on the study, said that although more research was needed, the results provided a potential pathway to improving outcomes in patients with the most deadly type of stroke.

"Our study shows clear benefits from administering early blood pressure lowering treatment to patients with intracerebral haemorrhage in the ambulance, although overall there was no difference in outcome from this early intervention for all patients with suspected stroke.

"In fact, in patients with a final diagnosis of ischaemic stroke, it actually worsened their outcome, so the ability to make a reliable diagnosis at this early stage is key to harnessing the benefits of very early blood pressure treatment."

The Intensive ambulance-delivered blood pressure reduction in hyper-acute stroke trial (INTERACT4) was a multicentre, randomised, open-label, blinded-outcome study conducted across dozens of ambulance services in China.

2404 ambulance-assessed patients with suspected acute stroke causing a motor deficit within two hours of onset and elevated systolic blood pressure ([?]150mmHg) were randomly assigned to immediate blood pressure-lowering (target 130-140mmHg) or usual blood pressure (BP) management in hospital.




The pre-hospital ambulance-initiated BP reduction group with haemorrhagic stroke had a 30% lower likelihood of a poor functional outcome whereas the group with cerebral ischaemia had an equivalent 30% higher likelihood of a poor functional outcome, when compared to patients with these stroke types who received usual care BP management upon arrival at the hospital.

Overall, the effects of pre-hospital BP reduction had a balanced benefit and harm effect so that there was no overall difference in the functional outcome between those who received the usual care in all the stroke patients. Between-group rates of serious adverse events were similar.

Around 80 percent of strokes worldwide are ischaemic, caused by the loss of blood flow to an area of the brain due to a blockage in a blood vessel, leading to a loss of neurological function.1

Intracerebral haemorrhage (ICH) represents over a quarter of all cases of stroke and occurs when blood leaks out of a blood vessel into the brain tissue. ICH is the most deadly type of stroke, with up to one third of patients dying in 30 days, and it is more common in China where the study was conducted.2

"All treatments for acute stroke are highly time dependent -- brain cells die rapidly when deprived of oxygen. But knowing the best treatment approach to take before being able to identify the type of stroke a patient has experienced, is difficult without brain imaging," Professor Anderson said.

"The results do not support in-ambulance administration of blood pressure lowering treatment in patients with suspected acute stroke -- that is clear.




"But in the last few years, we've seen the introduction of mobile stroke ambulances equipped with a CT scanner and other diagnostic tools that aim to identify cases of ischaemic stroke for early administration of clot-busting treatment.

"But our results do support the case for in-ambulance treatment to be administered to patients with haemorrhagic stroke as well.

"In the meantime, while acute stroke treatment happens in the hospital, quicker diagnosis and swift action as soon as the patient arrives at the emergency department is critical to preserving brain function."

References
    	GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. The Lancet Neurology 2021;20:795-820
    	Wu S, et al. Stroke in China: advances and challenges in epidemiology, prevention and management. The Lancet Neurology 2019;18:394-405
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Why do we overindulge? | ScienceDaily
If you tend to do other things or get distracted while eating dinner, you may be running the risk of over-consuming everyday pleasures later, possibly because the distraction caused you to enjoy yourself less, according to research published by the American Psychological Association.


						
The study looked at how distraction affects "hedonic consumption," or buying and using products and experiences because they make us feel good and not necessarily because we need them.

"On any given day, a person may take great pleasure from one or more of these activities, yet people often consume more hedonic goods than they want or than is good for them," said lead author Stephen Lee Murphy, PhD, of Ghent University.

One reason for this overconsumption may be distraction, according to Murphy. When people are distracted while engaged in a hedonic activity, research suggests they are likely to experience less enjoyment from it than if they were fully focused. That may lead to feelings of dissatisfaction and drive more consumption to compensate for that shortfall.

The research was published in the Journal of Personality and Social Psychology.

To better understand the role of distraction in overconsumption, the researchers first conducted an experiment involving 122 participants (mostly female and mostly between the ages of 18 and 24) who reported on how much they expected to enjoy their lunch before eating it. They were then asked to eat their lunch under one of three conditions: no distraction, moderate distraction (watching a video), and high distraction (playing Tetris). After lunch, participants reported on their actual enjoyment, satisfaction, desire for further gratification and amount consumed. They also reported on their snacking later in the day.

Participants who ate while distracted reported lower enjoyment and satisfaction, which was associated with increased snacking afterward and a more general desire for further gratification.




The researchers believe that this proposed effect, which they called "hedonic compensation," likely applies to other activities beyond eating. For example, people who are distracted while watching a movie or playing a game may be more likely to engage in additional consumption (e.g., checking social media) to compensate for a diminished enjoyment of the original activity.

The researchers also followed 220 participants aged 18 to 71 (again mostly female) for a week to investigate this broader effect, beyond food. Participants filled out seven brief surveys per day via their smartphones regarding their hedonic consumption, distraction and satisfaction. As with the food-based experiment, researchers found that when people were distracted during consumption, they were likely to enjoy a product less than they hoped, felt less satisfied, and experienced an elevated need for further gratification.

"Overconsumption often results due to a lack of self-control," said Murphy. "However, our findings suggest overconsumption may also often be driven by the simple human desire to reach a certain level of enjoyment from an activity. When distraction gets in the way, it's likely we may try to compensate by consuming more."

Murphy and his colleagues plan to conduct further research to replicate and confirm the existence of a hedonic compensation effect. If additional research confirms the effect, they have plans to apply interventions that could help people pay more attention to their consumption experiences in an effort to lower the likelihood of overconsumption.

"By understanding the key drivers of hedonic overconsumption, we can develop strategies to help prevent its occurrence," said Murphy.
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When saying 'please' is more strategic than magic | ScienceDaily
By kindergarten age, most children have been taught that "please" is a magic word. "Please" is an expression of politeness that shows courtesy and respect, turning a potential demand into a request that will -- poof! -- magically be granted.


						
But a new study on the ways people make requests of one another suggests that "please" might not be an all-purpose marker of politeness, but rather a more focused, strategic tool to manage frictions or obstacles among family members, friends and even coworkers.

The study, published in Social Psychology Quarterly and authored by a team of sociologists from UCLA, shows that people say "please" much less often than expected, and mostly when they expect a "no" response is forthcoming.

Whether passing the butter or driving someone to the airport, non-strangers say "please" to each other to sweeten a request when they know the other is likely unwilling, either because they have resisted already or because they are busy doing something else.

The findings suggest there should be less effort put into teaching prescriptive, "one-word-fits-all" principles, and more focus on how to be sensitive to the particulars of a situation.

"Any generic rule -- like saying "please" and "thank you" -- doesn't take into account the specific situation, and may not always indicate respect or politeness," said Andrew Chalfoun, a graduate student studying sociology and lead author of the study. "It may also not be very effective."

Saying "please" could even be harmful in a given situation.




"In the wrong context, saying 'please' may run the risk of sounding pushy or dubious about another's willingness to help," Chalfoun said.

For the study, Chalfoun and UCLA sociologists Giovanni Rossi and Tanya Stivers took into account the words, facial expressions and behaviors observed in 17 hours of mostly informal, naturally occurring conversations that were recorded on video among family members, friends and coworkers, with a few exchanges involving strangers. The video cameras had been set up with participants' consent in homes, workplaces and outdoor areas for a previous study. The conversations took place during everyday activities across a range of settings such as meals, board games like "Catan," haircuts at a salon, food preparation and in the back room of a retail store. The conversations were in person among British and American English speakers from diverse racial, ethnic and socioeconomic backgrounds, and among various age groups. The study did not include business requests, like a customer ordering from a restaurant. They also did not include written or phone requests.

Out of more than a thousand distinct "request attempts" observed in the video-recorded interactions, "please" was used only 69 times, or 7% of the time, mostly when there was a foreseen obstacle to overcome, and not due to perceived subordination, need for deference, difference in gender or the relative size of a request.

In about half of the instances when someone asked for something with "please," it was because the person they were addressing had already indicated they were unwilling to act as requested or had previously refused. For example, a woman used "please" when asking her spouse to sit down at the dinner table after repeated requests went ignored.

In another third of cases, the person was engaged in an activity incompatible with what was being asked, i.e. in the middle of something else. For example, a man used "please" when asking his spouse to make soup stock, knowing she was busy washing baby bottles.

The researchers also found that children say "please" about as often as adults, and in similar situations. In the video observed by the researchers, a teenager used "please" to ask her mother to buy her a dress when she expected her to say no, because she had rejected a similar request previously. Evidence of the previous rejection came in her mother's reply after the "please," which was, "We've been through this before."

"Every community has explicit norms that define what counts as polite or respectful conduct, for example as taught to children or someone new to the community," Chalfoun said. "We're interested in understanding whether those norms are in fact followed in everyday life or there are other, more tacit norms that better explain people's conduct."

By observing how politeness actually works in everyday life, the team hopes to provide researchers with better models for how to understand the dynamics that underly social behavior.
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Blood pressure drugs more than double bone-fracture risk in nursing home patients | ScienceDaily
Records from nearly 30,000 nursing home residents indicate that blood pressure medications more than double the risk of life-threatening bone fractures, according to Rutgers Health research.


						
The authors of the study, which appears in JAMA Internal Medicine, said the increased risk stems from the medications' tendency to impair balance, particularly when patients first stand up and temporarily experience low blood pressure that deprives the brain of oxygen. Interactions with other drugs and low baseline balance in many nursing home patients compound the problem.

"Bone fractures often start nursing home patients on a downward spiral," said Chintan Dave, academic director of the Rutgers Center for Health Outcomes, Policy and Economics and lead author of the study. "Roughly 40 percent of those who fracture a hip die within the next year, so it's truly alarming to find that a class of medications used by 70 percent of all nursing home residents more than doubles the bone-fracture risk."

While many patients have high enough blood pressure that the benefits of treatment outweigh these dangers, "Such patients require careful observation, particularly when treatment begins, and that's not happening," Dave said. "Caregivers think of blood pressure medication as very low risk, and that's not true in this patient population."

Dave's team analyzed Veterans Health Administration data from 29,648 elderly patients in long-term care facilities from 2006 to 2019. Researchers compared the 30-day risk of fractures to the hip, pelvis, humerus (upper arm) radius or ulna (forearm) for patients who began using blood pressure medications with similar patients who didn't. To maximize the chance that medication use -- and not some other factor -- drove the different outcomes, they adjusted for more than 50 baseline covariates, such as patient demographics and clinical history.

The 30-day fracture risk for residents who began blood pressure medication was 5.4 per 100 people per year and 2.2 per 100 people per year for patients who took no blood pressure medication.

Further analysis showed drug usage predicted particularly elevated fracture risk in certain subgroups. Patients with dementia, systolic blood pressure above 139 (the first number in the blood pressure reading), diastolic blood pressure above 79 (the second number) or no recent use of blood pressure medication all experienced at least triple the fracture risk of unmedicated patients.

About 2.5 million Americans live in nursing homes or assisted living facilities. Up to 50 percent suffer falls in any given year, and up to 25 percent of those falls result in serious injury.

The Rutgers Health study indicates that blood pressure medication causes many of those falls and that a combination of less medication and better support could significantly reduce the problem.

"Caregivers can't strike this right balance of risk and reward if they don't have accurate data about the risks," Dave said. "I hope this study gives them information that helps them serve their patients better."
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Infertility treatment doubles the risk of postpartum heart disease | ScienceDaily
A study by Rutgers Health experts of more than 31 million hospital records shows that infertility treatment patients were twice as likely as those who conceived naturally to be hospitalized with heart disease in the year after delivery.


						
Patients who underwent infertility were particularly likely -- 2.16 times as likely as those who conceived naturally -- to undergo hospitalization for dangerously high blood pressure or hypertension.

"Postpartum checkups are necessary for all patients, but this study indicates they are particularly important for patients who undergo infertility treatment to achieve a conception," said Rei Yamada, an obstetrics and gynecology resident at Rutgers Robert Wood Johnson Medical School and lead author of the study.

The study authors say their results support standards of care that now call for an initial postpartum checkup three weeks after delivery, standards that some health systems have yet to adopt. Much of the elevated risk came in the first month after delivery, particularly for patients who developed dangerously high blood pressure.

"And these results aren't the only ones to indicate that follow-up should occur early," said Cande Ananth, chief of the Division of Epidemiology and Biostatistics in the Department of Obstetrics, Gynecology, and Reproductive Sciences at Rutgers Robert Wood Johnson Medical School and senior author of the study. "We have been involved in a series of studies over the past few years that have found serious risks of heart disease and stroke to various high-risk patient populations within those initial 30 days after delivery -- risks that could be mitigated with earlier follow-up care."

The study analyzed the Nationwide Readmissions Database, which contains nationally representative data on about 31 million hospital discharges and readmissions per year. The database contains diagnosis codes, which let researchers find specific populations and identify reasons for readmission.

The researchers used data from more than 31 million patients who were discharged following delivery from 2010 to 2018, including 287,813 patients who had undergone any infertility treatment.

Although infertility treatment predicted a sharply elevated risk of heart disease, the study authors said the relative youth of infertility treatment patients kept their overall risk fairly low. Just 550 of every 100,000 women who received infertility treatment and 355 of every 100,000 who conceived naturally were hospitalized with cardiovascular disease in the year after delivery.

The cause of the elevated risk of heart disease associated with infertility treatment remains unclear. The increase in heart disease could stem from the infertility treatments themselves, the underlying medical issues that made patients infertile or some other cause.

"Looking forward, I'd like to see if different types of infertility treatment and, importantly, medications are associated with different risk levels," said Yamada. "Our data gave no information about which patients had undergone which treatment. More detailed information might also provide insight into how infertility treatment impacts cardiovascular outcomes."
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Scientists want to know how the smells of nature benefit our health | ScienceDaily
Spending time in nature is good for us. Studies have shown that contact with nature can lift our well-being by affecting emotions, influencing thoughts, reducing stress and improving physical health. Even brief exposure to nature can help. One well-known study found that hospital patients recovered faster if their room included a window view of a natural setting.


						
Knowing more about nature's effects on our bodies could not only help our well-being, but could also improve how we care for land, preserve ecosystems and design cities, homes and parks. Yet studies on the benefits of contact with nature have typically focused primarily on how seeing nature affects us. There has been less focus on what the nose knows. That is something a group of researchers wants to change.

"We are immersed in a world of odorants, and we have a sophisticated olfactory system that processes them, with resulting impacts on our emotions and behavior," said Gregory Bratman, a University of Washington assistant professor of environmental and forest sciences. "But compared to research on the benefits of seeing nature, we don't know nearly as much about how the impacts of nature's scents and olfactory cues affect us."

In a paper published May 15 in Science Advances, Bratman and colleagues from around the world outline ways to expand research into how odors and scents from natural settings impact our health and well-being. The interdisciplinary group of experts in olfaction, psychology, ecology, public health, atmospheric science and other fields are based at institutions in the U.S., the U.K., Taiwan, Germany, Poland and Cyprus.

At its core, the human sense of smell, or olfaction, is a complex chemical detection system in constant operation. The nose is packed with hundreds of olfactory receptors, which are sophisticated chemical sensors. Together, they can detect more than one trillion scents, and that information gets delivered directly to the nervous system for our minds to interpret -- consciously or otherwise.

The natural world releases a steady stream of chemical compounds to keep our olfactory system busy. Plants in particular exude volatile organic compounds, or VOCs, that can persist in the air for hours or days. VOCs perform many functions for plants, such as repelling herbivores or attracting pollinators. Some researchers have studied the impact of exposures to plant VOCs on people.

"We know bits and pieces of the overall picture," said Bratman. "But there is so much more to learn. We are proposing a framework, informed by important research from many others, on how to investigate the intimate links between olfaction, nature and human well-being."

Nature's smell-mediated impacts likely come through different routes, according to the authors. Some chemical compounds, including a subset of those from the invisible realm of plant VOCs, may be acting on us without our conscious knowledge. In these cases, olfactory receptors in the nose could be initiating a "subthreshold" response to molecules that people are largely unaware of. Bratman and his co-authors are calling for vastly expanded research on when, where and how these undetected biochemical processes related to natural VOCs may affect us.




Other olfactory cues are picked up consciously, but scientists still don't fully understand all their impacts on our health and well-being. Some scents, for example, may have "universal" interpretations to humans -- something that nearly always smells pleasant, like a sweet-smelling flower. Other scents are closely tied to specific memories, or have associations and interpretations that vary by culture and personal experience, as research by co-author Asifa Majid of the University of Oxford has shown.

"Understanding how olfaction mediates our relationships with the natural world and the benefits we receive from it are multi-disciplinary undertakings," said Bratman. "It involves insights from olfactory function research, Indigenous knowledge, Western psychology, anthropology, atmospheric chemistry, forest ecology, Shinrin-yoku -- or 'forest bathing' -- neuroscience, and more."

Investigation into the potential links between our sense of smell and positive experiences with nature includes research by co-author Cecilia Bembibre at University College London, which shows that the cultural significance of smells, including those from nature, can be passed down in communities to each new generation. Co-author Jieling Xiao at Birmingham City University has delved into the associations people have with scents in built environments and urban gardens.

Other co-authors have shown that nature leaves its signature in the very air we breathe. Forests, for example, release a complex chemical milieux into the air. Research by co-author Jonathan Williams at the Max Planck Institute for Chemistry and the Cyprus Institute shows how natural VOCs can react and mix in the atmosphere, with repercussions for olfactory environments.

The authors are also calling for more studies to investigate how human activity alters nature's olfactory footprint -- both by pollution, which can modify or destroy odorants in the air, and by reducing habitats that release beneficial scents.

"Human activity is modifying the environment so quickly in some cases that we're learning about these benefits while we're simultaneously making them more difficult for people to access," said Bratman. "As research illuminates more of these links, our hope is that we can make more informed decisions about our impacts on the natural world and the volatile organic compounds that come from it. As we say in the paper, we live within the chemical contexts that nature creates. Understanding this more can contribute to human well-being and advance efforts to protect the natural world."
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The crystallization of memory: Study reveals how practice forms new memory pathways in the brain | ScienceDaily
A new study led by UCLA Health has shown that repetitive practice not only is helpful in improving skills but also leads to profound changes in the brain's memory pathways.


						
The research, published in the journal Nature and co-led by Rockefeller University, sought to unravel how the brain's ability to retain and process information, known as working memory, improves through training.

To test this, researchers tasked mice with identifying and recalling a sequence of odors over the course of two weeks. Researchers then tracked neural activity in the animals as they practiced the task by using a novel, custom-built microscope that can image cellular activity in up to 73,000 neurons simultaneously throughout the cortex.

The study revealed a transformation in the working memory circuits located in the secondary motor cortex as the mice repeated the task through time. As the mice were first learning the task, the memory representations were unstable. However, after repeatedly practicing the task, the memory patterns began to solidify or "crystalize," said corresponding author and UCLA Health neurologist Dr. Peyman Golshani.

"If one imagines that each neuron in the brain is sounding a different note, the melody that the brain is generating when it is doing the task was changing from day to day, but then became more and more refined and similar as animals kept practicing the task," Golshani said.

These changes give insights into why performance becomes more accurate and automatic following repetitive practice.

"This insight not only advances our understanding of learning and memory but also has implications for addressing memory-related disorders," Golshani said.

The work was performed by Dr. Arash Bellafard, project scientist at UCLA in close collaboration with Dr. Alipasha Vaziri's group at Rockefeller University.
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New insights into phage therapy design | ScienceDaily
Results from a new Dartmouth-led study, involving collaborators at the University of Pittsburgh and Yale University and published in the journal PLOS Biology, are providing new insights into the therapeutic potential of bacteriophage (phage) therapy for treating diseases like cystic fibrosis (CF).


						
A major challenge of treating people with CF -- an inherited disease that causes sticky, thick mucus to build up in the lungs -- are the persistent infections the disease causes which can lead to respiratory failure and death.

"Opportunistic pathogens such as Pseudomonas aeruginosa, one of the pathogens associated with the most lung function decline in CF, have become increasingly resistant to antibiotics, so we have to be creative with new ways to think about treating these infections," explains Jennifer Bomberger, PhD, a professor of microbiology and immunology at Dartmouth's Geisel School of Medicine, who served as senior author on the study.

"Developed many decades ago, phage therapy has seen success in Eastern Europe as an antimicrobial for difficult-to-treat infections and is increasingly being used in clinical trials and compassionate use cases through Emergency Use Authorizations in the U.S.," says Paula Zamora, PhD, a postdoctoral associate at Geisel and first author on the study.

One of the advantages of phage therapy, which uses viruses to kill bacteria, "is that unlike antibiotics which need to be given repeatedly, it has this mechanism of self-amplification," Zamora continues. "Phages are able to replicate by binding to bacteria and injecting their genetic material -- as phages make more phages, they kill more bacteria."

While phage therapy is thought to be relatively safe with few side effects, key gaps in knowledge related to the interactions between phages and the epithelial cells of the human respiratory tract remain.

"Since very high doses of phages are often needed to elicit a therapeutic effect, we wondered, 'Do the host cells detect these phages, and do they create an inflammatory response that we should be concerned about?'" says Bomberger.




To find out, the investigators teamed up with researchers at Pitt and Yale,

examining interactions between a panel of Pseudomonas aeruginosa phages with therapeutic potential and human airway epithelial cells derived from a person with CF and grown in cell lines in the lab.

They determined that respiratory epithelial cells do sense and respond to therapeutic phages, and that interactions between phages and epithelial cells are heterogenous in nature -- in that they are dependent on specific phage properties, as well as physiochemical features of the airway microenvironment.

"Our research also indicates that immune responses to phages could be harnessed to improve the effectiveness of phage therapy on an individual basis," Zamora says. "We hope that our findings will lead to more studies that examine the effects that phages have on the human host."

Considering that the effects of phages on human cells are not currently required to be evaluated as part of phage therapy design, Bomberger adds, "Our suggestion is, as people are screening phages for killing bacteria, they might also want to know what types of immune responses those phages could elicit in the host and let that play into their calculus when picking which phage to treat a patient with."
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This time, it's personal: Enhancing patient response to cancer immunotherapy | ScienceDaily
Immunotherapy has revolutionized the way we treat cancer in recent years. Instead of targeting the tumor itself, immunotherapies work by directing patients' immune systems to attack their tumors more effectively. This has been especially impactful in improving outcomes for certain difficult-to-treat cancers. Still, fewer than half of all cancer patients respond to current immunotherapies, creating an urgent need to identify biomarkers that can predict which patients are most likely to benefit.


						
Recently, scientists have noticed that patients whose tumors have a mutation in a gene called ARID1A are more likely to respond positively to immune checkpoint blockade, a type of immunotherapy that works by keeping cancer-fighting immune cells called T cells turned "on" when they'd otherwise be turned "off." Since this ARID1A gene mutation is present in many cancers -- including endometrial, ovarian, colon, gastric, liver, and pancreatic cancers -- researchers at the Salk Institute wondered how it contributes to treatment sensitivity, and how clinicians can use this information to customize cancer treatments to each patient.

The new study, published in Cell on May 15, 2024, reveals that ARID1A mutation renders tumors sensitive to immunotherapy by inviting cancer-fighting immune cells into the tumor through an antiviral-like immune response. The researchers suggest this mutation and antiviral immune response could be used as a biomarker to better select patients for specific immunotherapies, like immune checkpoint blockade. The findings also encourage the development of drugs that target ARID1A and related proteins as a way of sensitizing other tumors to immunotherapy.

"This could really make a difference in patient outcomes from cancer treatment," says Associate Professor Diana Hargreaves, senior author of the study. "These ARID1A mutation cancer patients are already having an immune response, so all we need to do is upregulate that response using immune checkpoint blockade to help them destroy their tumors from the inside."

While it was reported that people with ARID1A mutations responded well to immune checkpoint blockade, the exact relationship between the two remained unclear. To elucidate the mechanism behind this, Salk scientists turned to mouse models of melanoma and colon cancer with either mutated ARID1A or functional ARID1A.

The team observed a powerful immune response in all animal models with mutated ARID1A tumors but not those with functional ARID1A tumors, supporting the idea that the ARID1A mutation was, indeed, driving the response. But how did this work on a molecular level?

"We found that ARID1A plays an important role in the nucleus of keeping DNA properly arranged," says Matthew Maxwell, first author of the study and a graduate student in Hargreaves' lab. "Without functional ARID1A, loose DNA can be excised and escape into the cytosol, which activates a coincidentally desirable antiviral immune response that can be further enhanced by immune checkpoint blockade."

The ARID1A gene codes for a protein that helps regulate the shape of our DNA and maintain genome stability. When ARID1A is mutated, a microscopic chain of events analogous to a Rube Goldberg machine is set off in the cancer cell. First, the lack of functional ARID1A leads to escape of DNA into the cytosol. Next, the cytosolic DNA activates an antiviral alarm system -- the cGAS-STING pathway -- since our cells are adapted to flag any DNA in the cytosol as foreign to protect us against viral infections. Finally, the cGAS-STING pathway calls on the immune system to recruit T cells into the tumor and activates them into specialized cancer-killing T cells.




With each step relying on the last, this chain of events -- ARID1A mutation, DNA escape, cGAS-STING alarm, T cell recruitment -- results in more cancer-fighting T cells in the tumor. Immune checkpoint blockade can then be used to ensure these T cells stay "on," supercharging them to defeat the cancer.

"Our findings provide a novel molecular mechanism by which ARID1A mutation can promote an anti-tumor immune response," says Hargreaves. "What's most exciting about these results is their translational potential. Not only can we use ARID1A mutations to help select patients for immune checkpoint blockade, but we now also see a mechanism by which drugs that inhibit ARID1A or its protein complex could be used to further enhance immunotherapy in other patients."

By outlining the mechanism by which immune checkpoint blockade is more effective for ARID1A mutant cancers, the researchers have provided cause for clinicians to prioritize the immunotherapy for patients with mutated ARID1A. The findings are a major step in personalizing cancer treatment and inspiring novel therapies that target and inhibit ARID1A and its protein complex.

In the future, the Salk team hopes its findings can improve patient outcomes across the many cancer types associated with ARID1A mutations and is set to explore this clinical translation with collaborators at UC San Diego.

Other authors include Jawoon Yi, Shitian Li, Samuel Rivera, Jingting Yu, Mannix Burns, Helen McRae, Braden Stevenson, Josephine Ho, Kameneff Bojorquez Gastelum, Joshua Bell, Alexander Jones, Gerald Shadel, and Susan Kaech of Salk; Marianne Hom-Tedla and Katherine Coakley of Salk and UC San Diego; Ramez Eskander of UC San Diego; and Emily Dykhuizen of Purdue University.

The work was supported by the National Institutes of Health (NCI CCSG P30 014195, T32DK007541, R01 CA228211, R01 CA285867, R01 CA216101, R01 CA240909, R01 AI066232, R21 MH128678, S10-OD023689), National Science Foundation, Howard Hughes Medical Institute, Cancer Research Institute, Pew-Stewart Scholars for Cancer Research, American Cancer Society, and Padres Pedal the Cause.
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Heating proteins to body temperature reveals new drug targets | ScienceDaily
Some proteins shift their shape when exposed to different temperatures, revealing previously unknown binding sites for medications.


						
The findings, published today in Nature, could revolutionize wide swathes of biology by fundamentally changing how protein structure is studied and leveraged for drug design. The study was led by Van Andel Institute's Juan Du, Ph.D., and Wei Lu, Ph.D.

Proteins generally are investigated at low temperatures to ensure their stability. However, the new study demonstrates that certain proteins are highly sensitive to temperature and change their shape when viewed at body temperature.

"For a long time, the methods we've used to study proteins require them to be cold or frozen. But in the real world, human proteins exist and function at body temperature," Du said. "Our study describes a new way to study proteins at body temperature and reveals that some proteins drastically alter their structures when warm, opening up new opportunities for structure-guided drug development."

Proteins are the molecular workhorses of the body. Their shape governs how they interact with other molecules to do their jobs. By determining protein structure, scientists can create blueprints that guide development of more effective medications, much like locksmiths designing keys to fit into specific locks.

Although it is well known that temperature affects molecular function in the body, studying proteins at physiological temperature has been technologically challenging. Today's study by the Du and Lu laboratories details how they overcame these issues and provides scientists a roadmap for doing so in their own experiments.

The study focused on a protein called TRPM4, which supports heart function and metabolism, including the release of insulin. As such, TRPM4 is linked to stroke, heart disease and diabetes, among other health conditions.

To visualize TRPM4 at body temperature, the team leveraged VAI's powerful suite of cryo-electron microscopes (cryo-EM), which allow scientists to flash freeze proteins and assemble detailed images of their structures. Rather than using a low-temperature sample, Postdoctoral Fellow Jinhong Hu, Ph.D., and colleagues in the Du and Lu laboratories heated the sample to body temperature before flash freezing it. By doing so, they found that ligands -- molecules that bind to proteins -- interact with totally different sites on TRPM4 at body temperature than at lower temperatures.

The implications of today's study are far-reaching and reinforce the importance of studying proteins at body temperature to ensure identification of physiologically relevant drug binding sites.
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Research sheds light on how proteins linked to Alzheimer's disease influence neuronal growth | ScienceDaily
New research has shed light in the complex interplay between cell proteins, and how they impact on neurons in neurodevelopmental disorders and Alzheimer's disease.


						
A new study led by the University of Exeter and published in Royal Society Open Biology has discovered the key role that the protein Contactin-4 (encoded by the gene CNTN4) plays in shaping neurons.

The researchers began studying CNTN4 because it was known to have a role in autism, but its functional roles were not well understood. The team explored how CNTN4 functions within the brain, particularly its interactions with proteins involved in neurodegenerative diseases like Alzheimer's disease.

For the first time, the researchers studied mice who have had the CNTN4 gene knocked out in the cortex, the region of the brain responsible for key functions including memory, thinking and reasoning. They found that neurons developed in a different way in the cortex region.

Researchers have demonstrated for the first time in human cells the interaction between genes CNTN4 and APP, a gene strongly linked to Alzheimer's disease, revealing a co-dependent relationship that is essential for brain development, and specifically for the healthy growth of neurons. They found that CNTN4 not only contributes to neural elongation in the frontal cortex region of the brain, but also CNTN4 expression is regulated via a relationship with APP.

Using studies in genetically modified human cells, the team also discovered that a complex interaction exists between CNTN4 and APP. If CNTN4 is knocked out, then levels of APP decrease, but not to zero. The scientists believe that APP may compensate for the loss of CNTN4, and vice versa.

The study's lead author, Dr Rosemary Bamford, of the University of Exeter Medical School, said: "It was quite remarkable to discover that CNTN4, a gene linked to developmental processes, also plays a role in modulating factors involved in Alzheimer's disease. This intersection of developmental and neurodegenerative pathways offers exciting new insights into the broader implications of these proteins."

Senior author Dr Asami Oguro-Ando, of the University of Exeter Medical School, said: "Looking ahead, my group is keen to further dissect the molecular mechanisms underpinning the interaction between CNTN4 and APP and explore their wider implications for disorders like Alzheimer's and Autism Spectrum Disorder. Our next steps involve clarifying how the CNTN4-APP interaction impacts neural activity. Understanding this interaction is crucial as it represents a fundamental step towards a comprehensive grasp of neurodevelopmental and neurodegenerative disorders."
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An active agent against hepatitis E | ScienceDaily
At present, there is no specific active substance against hepatitis E. As the disease kills 70,000 people every year, researchers are actively searching for one. The team from the Department of Molecular and Medical Virology at Ruhr University Bochum, Germany, may have found what they're looking for. The researchers showed that the compound K11777 prevents host cells from helping the virus out of its shell by cleaving the viral capsid. This means it can no longer infect cells. "The compound is already being tested in clinical trials against other viruses such as Sars-Cov-2," says lead author Mara Klohn. "There's still a lot of work to be done to find out whether it can be used as an active substance against hepatitis E, but it's a first step." The researchers published their findings on May, 11, 2024 in the journal Hepatology.


						
In order to infect an organ, viruses need the help of the host cells. "An effective approach is therefore to identify targets in the host that can be manipulated by drugs so that they no longer perform this helper function," explains Mara Klohn.

The researchers became aware of the compound K11777 in a roundabout way: During a control study conducted as part of cell culture studies on the hepatitis C virus with a known active ingredient, they discovered that this active ingredient was also effective against hepatitis E. "However, the drug wasn't using the same pathway as with the hepatitis C virus, because the hepatitis E virus doesn't have the target structure that this active substance attacks," explains Mara Klohn. This suggested that the drug may have an effect on host cells instead.

The research team narrowed down the possible target structures and turned their attention to cathepsins, which can process proteins, i.e. cleave them. K11777 inhibits many cathepsin types, i.e. blocks their function. Tests in cell culture with human liver cells showed that the compound actually prevents infection with hepatitis E viruses. "In follow-up experiments, we proved our hypothesis that the compound prevents cathepsin L from cleaving and opening up the viral capsid," says Mara Klohn. "This means that the virus can no longer infect host cells."

Hepatitis E

The hepatitis E virus (HEV) is the main cause of acute viral hepatitis. Approximately 70,000 people die from the disease every year. After the first documented epidemic outbreak between 1955 and 1956, more than 50 years passed before researchers began to address the issue in depth. Acute infections usually clear up spontaneously in patients with an intact immune system. In patients with a reduced or suppressed immune system, such as organ transplant recipients or people infected with HIV, HEV can become chronic. HEV also poses a serious threat to pregnant women. There aren't any vaccines nor specific active substances against the virus.
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New group training tool for the prevention of dementia | ScienceDaily
Solving a quiz as a group while moving around the room at the same time -- this combination is the basis of a new tool designed to prevent dementia. Researchers developed and evaluated it in the "go4cognition" project with industry partners and brought it to market maturity. Vanessa Lissek and Professor Boris Suchan from Ruhr University Bochum, Germany, and Stefan Orth from the company Ontaris describe how effective the training with the system is in the Journal of Alzheimer's Disease. The article was published online on April 30, 2024.


						
"In the project, we've developed a completely new system that can be used for dementia prevention training," says Boris Suchan. "We were specifically interested in designing a tool for group training, as it produces very good results and increases acceptance. Also, all participants benefit and learn from each other."

Passing the baton from quiz station to quiz station

The new system is designed for groups of seven to ten people. It consists of six stations arranged around the room, each equipped with a tablet. The tablets display different tasks, such as listing German chancellors, memorizing series of numbers or planning a trip around the world to specific locations. In order to complete the tasks, a participant has to move to the relevant station and insert a baton fitted with a microchip into a specific device. "We can then digitally record how long it took to complete the task and whether the answer was correct," explains Boris Suchan. As everyone has their own baton, their individual performance can be evaluated.

Significant reduction of cognitive impairments through training

The researchers tested the system with 30 volunteers aged between 60 and 89 who had been diagnosed with mild cognitive impairment, i.e. who showed moderate cognitive impairment in neuropsychological tests. "Our participants are not restricted in their everyday activities, but have an increased risk of developing dementia at a later stage," says Boris Suchan. Mild cognitive impairment occurs in 15 to 20 percent of people above the age of 60.

The participants trained with the go4cognition system two days a week for six weeks. After completing the training, 70 percent of them were no longer diagnosed with mild cognitive impairment.




System already in use in retirement homes

The group training tool is marketed by the company Ontaris. "It's already used in retirement homes, for example in Oberhausen -- also for residents who have not yet been diagnosed with mild cognitive impairment," says Boris Suchan, and offers an outlook: "In future, we're also considering testing the system for people with acquired brain damage."

For people who don't have access to the go4cognition system but still wish to take steps to prevent dementia, the Bochum-based researcher recommends physical and mental activities and a healthy diet. "All of this helps to prevent dementia or at least delay it for as long as possible," says Suchan. As part of the go4cognition project, he and his colleagues published a review article on this topic.

About go4cognition

The go4cognition project ran from 2018 to 2023, supported by Leitmarkt Agentur.NRW, the European Union and the state of NRW (funding number ERDF -0801287). Specialists from various institutions developed new tools to prevent cognitive impairment in old age.
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Two genes of the germline are essential for the development of brain tumors in Drosophila | ScienceDaily
Every cell in an organism carries an identical set of genetic instructions within its DNA. However, what determines whether a cell develops as a neuron, a muscle, or any other specific cell type lies in the activation or inactivation of specific genes in that particular cell. For instance, in the Drosophila fly, the TrxT and dhd genes, which belong to the germline -- that is, they participate in the formation of sperm and eggs, respectively -- should be inactive in the brain.


						
However, scientists led by Dr. Cayetano Gonzalez, ICREA researcher at IRB Barcelona, have discovered that TrxT and dhd are essential for the development of brain tumours. The inhibition of either of these two genes causes a partial reduction in the size of the tumours but simultaneous inhibition of both leads to a significantly greater decrease.

Published in the journal EMBO Reports, the study reveals that the two genes, TrxT and dhd, which are not normally coexpressed, are unexpectedly activated in brain tumours in the Drosophila fly. This abnormal activation leads to the development of aggressive tumours that invade surrounding tissues. Furthermore, the study uncovers disparities in the influence of genes, depending on whether the fly is male or female.

"This study reveals new germline genes involved in tumour development and underlines the importance of considering sexual dimorphism (or difference between the sexes) in cancer research. Our findings further suggest that collaboration between several genes may offer new therapeutic strategies to address the disease more effectively in the future," says Dr. Gonzalez.

The differences between sexes in cancer

Differences in cancer incidence and progression between men and women have been known for decades, but a detailed understanding of sexual dimorphism in relation to cancer biology is still limited.

TrxT and dhd, which are genes specific to the Drosophila germline, are equally expressed in somatic tumours of males and females and their simultaneous inactivation leads to a significant reduction in tumour size, especially in males. This study points to a synergic effect between TrxT and dhd in the initial development of the tumour, while only TrxT appears to be essential for the maintenance of the tumour once established.




"Our results suggest that the initial phases of tumour development and the growth of established tumours are two distinct phenomena that may depend on different molecular mechanisms," explains Dr. Cristina Molnar, first author of the study.

Germline genes as targets against cancer

Called "cancer-germline" genes (or "cancer-testis" genes due to their initial discovery in the testes), the genes traditionally associated with the formation of sperm and eggs have been identified as key players in the pathogenesis of certain types of cancers, such as melanomas, lung carcinoma, and others.

Given that the function of these genes is limited mainly to the production of sex cells, they are a particularly promising target for cancer treatment. Therefore, blocking them could result in minimal side effects, since the rest of the body's cells would not be affected.

While the researchers emphasize that this study does not directly lead to new cancer therapies, it offers valuable insight into the biological processes involved in tumour formation and growth that could pave the way for future research and the development of therapeutics.
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Exploring the mechanism behind drug eruptions in the skin | ScienceDaily
Although medications can often help patients find a cure or respite from their condition, millions of people worldwide suffer from unpredictable drug toxicities every year. In particular, drug eruptions which manifest through symptoms such as redness, blisters, and itching on the skin, are quite common. Severe drug eruptions can become life-threatening and can have long-lasting consequences. Thus, understanding how and why drug eruptions occur is an important area of research in medical science.


						
To this end, previous studies have identified specific variants of certain genes as potential causal agents of drug eruptions. Scientists believe that the genes encoding the human leukocyte antigen (HLA), a protein expressed on the surface of leucocytes known to play an important role in the immune system, are involved in the onset of drug eruption. However, current theories cannot explain why HLA-related drug eruptions typically manifest on the skin rather than in multiple organs throughout the body.

To address this knowledge gap, a research team including Lecturer Shigeki Aoki, Kousei Ito, and Akira Kazaoka from the Graduate School of Medical and Pharmaceutical Sciences, Chiba University, conducted an in-depth study on the link between HLA and drug eruptions. Their findings were published in PNAS Nexus on April 2, 2024.

The researchers first conducted a series of experiments on keratinocytes from mice, which are the primary type of cells found in the skin. These keratinocytes were engineered to express a specific variant of the HLA gene called HLA-B*57:01, which specifically bind to the antiviral drug abacavir. Then, they validated these findings in genetically modified mice expressing HLA-B*57:01, that were exposed to abacavir.

The researchers found that HLA-B*57:01 expressing keratinocytes that were exposed to abacavir exhibited endoplasmic reticulum (ER) stress responses, such as immediate release of calcium into the cytosol and elevated expression of heat shock protein 70 (HSP70). They also observed an increased production of cytokines and immune cell migration. Abacavir exposure triggered HLA misfolding in the ER, leading to ER stress. Moreover, the researchers observed that the ER stress could be reduced by using 4-phenylbutyrate (4-PB). By alleviating this stress, they managed to suppress the onset of severe drug eruption symptoms. This newfound knowledge could form the basis for innovative treatment options for management of drug eruptions.

But how does this new information contrast with what was already known about HLA? "HLA molecules are an integral component of our immune system, that typically present foreign antigens to white blood cells, which judge these antigens as self or non-self. In this established role, HLAs are usually secondary players," explains Dr. Aoki. "However, our research highlights a novel function of the HLA molecule within skin cells. We revealed that a specific HLA genotype in keratinocytes can recognize certain drugs as foreign, triggering an endoplasmic reticulum stress response."

Taken together, the findings of this study uncover a new role of HLA proteins in sensing and responding to potential threats in skin cells. Thus, their functions may extend well beyond mere antigen presentation for the immune system. Moreover, considering that the variant of HLA possessed by an individual can be determined through genetic testing, this study could help develop preventive measures and diagnostics against severe adverse drug reactions. According to Dr. Aoki, this is in line with current research directions and trends in medical science. "In 10 years, we anticipate entering the 'whole genome era,' where personalized medicine based on individual genomes will become a standard practice," he comments. He further adds, "Building on the findings of this study, we believe that a comprehensive understanding of the mechanism underlying HLA-dependent adverse drug reactions will enable the delivery of safe medical care, allowing patients to avoid unnecessary suffering due to side effects."

Overall, future investigations in this research area might minimize the occurrence of drug eruptions and save people from potentially fatal adverse drug reactions.

About Dr. Shigeki Aoki Dr. Shigeki Aoki is a lecturer at the Graduate School of Pharmaceutical Sciences, Chiba University, Japan. His research focuses mainly on cancer metabolism and drug toxicity. He has authored multiple papers published in reputed journals. Dr. Aoki is a member of various professional bodies in Japan. He has also received several awards for his research, including the Award for Young Scientists conferred by The Pharmaceutical Society of Japan.
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Longer sprint intervals can improve muscle oxygen utilization compared to shorter intervals | ScienceDaily
Physical activities like jogging, walking, cycling, and sprinting are activities known to engage the musculoskeletal system and result in the utilization of energy. Sprint interval training (SIT) is a type of sprinting exercise that involves cycles of intense exercise followed by a short duration of rest. How the durations of exercise and rest are structured can affect the impact of SIT on physiological responses. In recent years, the field of sports physiology has witnessed increased interest in optimizing SIT protocols. This surge can enhance the recognition of SIT's efficacy in improving athletic performance and overall well-being, highlighting its versatility as a tool for promoting health and fitness.


						
Now, in an effort to highlight the benefits of SIT, a team of researchers from Japan, comprising Dr. Takaki Yamagishi from the Department of Sport Science and Research, Japan Institute of Sports Sciences and Human Performance Laboratory at the Comprehensive Research Organization at Waseda University, and Professor Yasuo Kawakami who directs the Human Performance Lab and is from the Faculty of Sport Sciences, Waseda University, conducted SIT experiments with healthy human volunteers in a recent study. This study was published online in Medicine & Science in Sports & Exercise journal on March 7, 2024.

Explaining the motivation behind their research work, Yamagishi says, "Establishing a minimum dose of exercise training to bring about training benefits, such as aerobic fitness, has been one of my main research interests. Due to the support from Prof. Kawakami and other co-authors, along with the collaboration with Waseda University, this unique research work using a multifaceted approach was possible."

The team of researchers matched two different sprint interval exercises (SIE) for the total duration of sprint and sprint-to-rest ratio. They analyzed the influence of SIE on physiological and metabolic responses by examining pulmonary oxygen uptake (VO2) levels and changes in tissue oxygenation index ([?]TOI) in thigh muscles. Additionally, they utilized the T2-weighted magnetic resonance imaging (MRI) technique to assess the activation of thigh muscles.

The researchers highlight that SIE20, comprising of two 20-second sprints with 160-second recovery, outperformed SIE10, which involved four 10-second sprints with 80-second recovery. While both the SIE protocols significantly increased whole-body and peripheral oxidative metabolism and the activation of the major thigh muscles, as indicated by the increases in VO2 levels, [?]TOI and MRI T2 values, respectively, greater peripheral oxidative metabolism was achieved with SIE20. They also observed that successive sprint repetitions in SIE10 did not correlate with greater oxidative metabolism.

Elaborating on the real-life applications and impact of the present research, Yamagishi says, "In today's fast-moving world, lack of time is a major hindrance to regular physical activity. However, the exercise modalities employed in our study require less than 15 minutes to complete and provide considerable health benefits."

In summary, the findings from this study can address important research gaps in SIT, such as the effects of minimum sprint duration and repetitions on aerobic and metabolic responses in humans. In-depth studies on low-volume SIT have the potential to improve training programs and exercise regimens. Sharing his concluding thoughts, Yamagishi says, "Exercise guidelines proposed by major organizations such as the American College of Sports Medicine are updated every 5 to 10 years, and we are hopeful that our study can be a part of it. Future studies on SIE can build on our findings to establish the dose-response relationship between exercise volume or intensity and the degree of training adaptations."
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Fighting fat and inflammation: Scientists develop powerful new compounds | ScienceDaily
Obesity and inflammatory diseases are increasing in prevalence and contribute to the growing burden of lifestyle disorders such as diabetes and hypertension. There is a lack of naturally derived alternatives to tackle these issues. Researchers from Tokyo University of Science have synthesized novel amino acid derivatives of menthol and studied its properties. The menthyl esters showed exceptional anti-inflammatory and anti-obesity activities during preclinical studies and can be developed as therapeutic compounds with further research.


						
Modified derivatives of natural products have led to significant therapeutic advances and commercial success in recent times. Menthol is a naturally occurring cyclic monoterpene alcohol found in various plants, particularly in members of the mint family such as peppermint and spearmint. It is a common ingredient found in a wide range of confectionaries, chewing gums and oral care products. Interestingly, menthol also has high medicinal value due to its analgesic, anti-inflammatory, and anti-cancer effects.

In a recent study, a team of researchers led by Professor Gen-ichiro Arimura from the Department of Biological Science and Technology, Tokyo University of Science, Japan, developed and investigated menthyl esters of valine (MV) and isoleucine (MI), which are derived from menthol by replacing its hydroxyl group with valine and isoleucine, respectively.

Their research findings were published in the Immunology journal on May 08, 2024. Sharing the motivation behind the present work, Prof. Arimura says, "The functional components of plants that contribute to human health have always intrigued me. Discovering new molecules from natural materials inspired our research team to develop these amino acid derivatives of menthol."

The researchers began by synthesizing menthyl esters of six amino acids characterized by less-reactive side chains. Subsequently, they assessed the properties of these esters using in vitro cell line studies. Finally, they conducted experiments in mice to explore the effects of these compounds under induced disease conditions. The exceptional anti-inflammatory profiles of MV and MI was determined by assessing the transcript levels of tumor necrosis factor-a (Tnf) in stimulated macrophage cells. Remarkably, both MV and MI outperformed menthol in the anti-inflammatory assay. RNA sequencing analysis revealed that 18 genes involved in inflammatory and immune responses were effectively suppressed.

Elated with their findings, the researchers went a step further and investigated the mechanism of action of the menthyl esters. They discovered that liver X receptor (LXR) -- an intracellular nuclear receptor, had an important role in the anti-inflammatory effects and this was independent of the cold-sensitive transient receptor TRPM8, which primarily detects menthol. Delving deeper into the LXR-dependant activation of MV and MI, they found that Scd1 gene -- central to lipid metabolism was upregulated by LXR. Moreover, in mice with induced intestinal colitis, the anti-inflammatory effects were further validated with suppressed transcript levels of Tnf and Il6 genes by MV or MI, in an LXR-dependent manner.

Driven by the discovery of LXR-SCD1 intracellular machinery, Prof. Arimura and his team hypothesized the menthyl esters to possess anti-obesity properties. They found that these esters inhibited adipogenesis-fat accumulation, specifically at the mitotic clonal expansion stage in 3T3-L1 adipocyte cells. During animal studies, the diet-induced obesity in mice was ameliorated and adipogenesis was suppressed.

Menthyl esters possess unique advantages compared to other anti-inflammatory or anti-obesity compounds currently being researched or used. Their specific mechanisms of action, that contribute to their dual anti-inflammatory and anti-obesity effects sets them apart from other compounds and may make them particularly effective in addressing both inflammatory conditions and metabolic disorders. They could benefit specific populations like individuals with chronic inflammatory conditions, metabolic syndrome, or obesity-related complications.

"Although this study focused on their functions and mechanisms of action in diseases modeled after inflammation and obesity, we expect that these compounds will also be effective against a wide range of lifestyle-related diseases caused by metabolic syndrome, such as diabetes and hypertension, as well as allergic symptoms," says Prof. Arimura optimistically.

In conclusion, this study underscores the importance and value of multi-faceted molecules derived from naturally occurring substances. Future research involving these novel and superior menthyl esters may result in therapeutic compounds to tackle the ever-growing health concerns of obesity and inflammatory conditions.
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New cardiac research will save women's lives by improving detection of heart failure | ScienceDaily
An important new study has advanced how heart failure is detected in women -- meaning more female patients can be diagnosed and at an earlier stage.


						
Researchers led by teams from the Universities of East Anglia (UEA), Sheffield and Leeds, have been able to fine-tune how magnetic resonance imaging (MRI) is used to detect heart failure in women's hearts, making it more accurate.

Lead author Dr Pankaj Garg, of the University of East Anglia's Norwich Medical School and a consultant cardiologist at the Norfolk and Norwich University Hospital, said: "By refining the method for women specifically, we were able to diagnose 16.5pc more females with heart failure.

"This could have huge impact in the NHS, which diagnoses around 200,000 patients with heart failure each year.

"This improved method will increase early detection, meaning more women can get life-saving treatment sooner."

In 2022, UEA and the University of Sheffield published research which showed how using MRI scans could be used to detect heart failure and which led to this technique being widely employed by medics.

When a heart starts to fail, it is unable to pump blood out effectively, and so the pressure in the heart rises.




Co-author Dr Gareth Matthews, of the University of East Anglia's Norwich Medical School, said: "Currently one of the best ways of diagnosing heart failure is to measure pressures inside the heart with a tube called a catheter.

"While this is very accurate, it is an invasive procedure, and therefore carries risks for patients, which limits its use.

"For this reason, doctors tend to use echocardiograms, which are based on ultrasound, to assess heart function, but this is inaccurate in up to 50 per cent of cases. Using MRI, we can get much more accurate images of how the heart is working."

The team was able to create an equation which allowed them to non-invasively derive the pressure in the heart using an MRI scanner.

However, previous use of this method wasn't as accurate as the researchers would have liked in diagnosing heart failure in women, especially in early or borderline disease.

Co-author Professor Andy Swift, of the University of Sheffield's School of Medicine and Population Health, said: "Women's hearts are biologically different to men's.




"Our work suggests that in heart failure women's hearts may respond differently in response to increases in pressure."

Heart failure can be classed differently, depending on the amount of blood squeezed out of the main chamber of the heart with every beat, known as the heart's ejection fraction.

Women suffer disproportionately from a type of heart failure where the pumping function of the heart is preserved but the ability of the heart to relax and fill with blood is impaired.

Echocardiography really struggles to diagnose this type of heart failure. The improvements in diagnosis from this new work will enable more of this particular cohort to be diagnosed more accurately and hopefully drive better treatments.

Co-author Dr Peter Swoboda, of the University of Leeds' Faculty of Medicine and Health, said: "The symptoms of heart failure, like breathlessness and fatigue, can have a devastating effect on patients' quality of life.

"We are increasingly recognising the importance of early diagnosis and, early treatment can improve symptoms and life expectancy.

"This research will help diagnose heart failure in women more quickly and get them established on life-saving treatments sooner."

The Government's Health and Social Care Secretary, Victoria Atkins, said: "Heart failure is a devastating condition affecting hundreds of thousands of women in the UK, so this research is a hugely positive development that could make it possible for thousands of people to get diagnosed and treated at an earlier stage.

"For the second year of our Women's Health Strategy for England, I have been clear that we need more research to look at the differences between how conditions affect men and women.

"I am delighted that this government-backed research has met this challenge so that we can get life-saving treatment to women faster."

The research was a collaboration between the University of East Anglia, the University of Leeds, the University of Sheffield, the Norfolk and Norwich University Hospital NHS Foundation Trust, the National Heart Research Institute Singapore, Duke-NUS Medical School in Singapore, Queen Mary University of London, the National Institute for Health and Care Research's Sheffield Biomedical Research Centre, the University of Amsterdam and Kocaeli City Hospital in Turkey.

It was funded by the National Institute for Health and Care Research (NIHR) Sheffield Biomedical Research Centre, the Wellcome Trust, and the National Medical Research Council (NMRC).
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Robots' and prosthetic hands' sense of touch could be as fast as humans | ScienceDaily
Research at Uppsala University and Karolinska Institutet could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. Their study has been published in the journal Science. The technology could also be used to help restore lost functionality to patients after a stroke.


						
"Our system can determine what type of object it encounters as fast as a blindfolded person, just by feeling it and deciding whether it is a tennis ball or an apple, for example," says Zhibin Zhang, docent at the Department of Electrical Engineering at Uppsala University.

He and his colleague Libo Chen performed the study in close cooperation with researchers from the Signals and Systems Division at Uppsala University, who provided data processing and machine learning expertise, and a group of researchers from the Department of Neurobiology, Care Sciences and Society, Division of Neurogeriatrics at Karolinska Institutet.

Drawing inspiration from neuroscience, they have developed an artificial tactile system that imitates the way the human nervous system reacts to touch. The system uses electrical pulses that process dynamic tactile information in the same way as the human nervous system. "With this technology, a prosthetic hand would feel like part of the wearer's body," Zhang explains.

The artificial system has three main components: an electronic skin (e-skin) with sensors that can detect pressure by touch; a set of artificial neurons that convert analogue touch signals into electrical pulses; and a processor that processes the signals and identifies the object. In principle, it can learn to identify an unlimited number of objects, but in their tests the researchers have used 22 different objects for grasping and 16 different surfaces for touching.

"We're also looking into developing the system so it can feel pain and heat as well. It should also be able to feel what material the hand is touching, for example, whether it is wood or metal," says Assistant Professor Libo Chen, who led the study.

According to the researchers, interactions between humans and robots or prosthetic hands can be made safer and more natural thanks to tactile feedback. The prostheses can also be given the ability to handle objects with the same dexterity as a human hand.

"The skin contains millions of receptors. Current e-skin technology cannot deliver enough receptors, but this technology makes it possible, so we would like to produce artificial skin for a whole robot," says Chen.

The technology could also be used medically, for example, to monitor movement dysfunctions caused by Parkinson's disease and Alzheimer's disease, or to help patients recover lost functionality after a stroke.

"The technology can be further developed to tell if a patient is about to fall. This information can be then used to either stimulate a muscle externally to prevent the fall or prompt an assistive device to take over and prevent it," says Zhang.
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Highly pathogenic avian flu detected in New York City wild birds | ScienceDaily
A small number of New York City wild birds carry highly pathogenic H5N1 avian influenza, according to a recent study published in the Journal of Virology,a journal of the American Society for Microbiology. The work highlights that the interface between animals and humans that may give rise to zoonotic infections or even pandemics is not limited to rural environments and commercial poultry operations, but extends into urban centers.


						
"To my knowledge, this is the first large-scale U.S. study of avian influenza in an urban area, and the first with active community involvement," said study co-author Christine Marizzi, PhD, principal investigator of the New York City Virus Hunters (NYCVH) Program, and BioBus director of community science, Harlem, New York City. "Birds are key to finding out which influenza and other avian viruses are circulating in the New York City area, as well as important for understanding which ones can be dangerous to both other birds and humans. And we need more eyes on the ground -- that's why community involvement is really critical."

The study came out of a program to monitor wild birds, which is a partnership between BioBus, the Icahn School of Medicine at Mount Sinai and the Wild Bird Fund. Through the program, local high school students partake in the research and communication efforts as paid interns under expert mentorship. Wearing appropriate protective gear, the students collect bird fecal samples in urban parks and green spaces. Additional samples from wild urban birds are submitted to the study by local animal rehabilitation centers such as the Wild Bird Fund and Animal Care Centers of New York. Students then help screen all samples in the Krammer laboratory at the Icahn School of Medicine at Mount Sinai for viruses.

In the study, the NYCVH collected and screened 1927 samples between January 2022 and November 2023 and picked up the H5N1 signal by detecting it in 6 city birds representing 4 different species. All the positive samples came from the urban wildlife rehabilitation centers, stressing the critical role such centers can play in viral surveillance. By comparing the genetic makeup of the samples to each other and other available H5N1 viruses in a public database, the researchers found that they were slightly different and belonged to 2 different genotypes, which are both a mix of Eurasian H5N1 2.3.4.4.b clade virus and local North American avian influenza viruses. New York City is a popular stopover location for migrating wild birds during their remarkable journey.

"It is important to mention that, because we found H5N1 in city birds, this does not signal the start of a human influenza pandemic. We know that H5N1 has been around in New York City for about 2 years and there have been no human cases reported," Marizzi said.

Marizzi said that in their outreach, they spread awareness about H5N1 in city birds and provide information about what people can do to protect themselves. "It's smart to stay alert and stay away from wildlife. This also includes preventing your pets from getting in close contact with wildlife," said Marizzi. If one must handle wildlife, it is important to always use safe practices any time when handling a sick or injured bird or other animals.
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Repurposed beer yeast may offer a cost-effective way to remove lead from water | ScienceDaily
Every year, beer breweries generate and discard thousands of tons of surplus yeast. Researchers from MIT and Georgia Tech have now come up with a way to repurpose that yeast to absorb lead from contaminated water.


						
Through a process called biosorption, yeast can quickly absorb even trace amounts of lead and other heavy metals from water. The researchers showed that they could package the yeast inside hydrogel capsules to create a filter that removes lead from water. Because the yeast cells are encapsulated, they can be easily removed from the water once it's ready to drink.

"We have the hydrogel surrounding the free yeast that exists in the center, and this is porous enough to let water come in, interact with yeast as if they were freely moving in water, and then come out clean," says Patricia Stathatou, a former postdoc at the MIT Center for Bits and Atoms, who is now a research scientist at Georgia Tech and an incoming assistant professor at Georgia Tech's School of Chemical and Biomolecular Engineering. "The fact that the yeast themselves are bio-based, benign, and biodegradable is a significant advantage over traditional technologies."

The researchers envision that this process could be used to filter drinking water coming out of a faucet in homes, or scaled up to treat large quantities of water at treatment plants.

MIT graduate student Devashish Gokhale and Stathatou are the lead authors of the study, which appears today in the journal RSC Sustainability. Patrick Doyle, the Robert T. Haslam Professor of Chemical Engineering at MIT, is the senior author of the paper, and Christos Athanasiou, an assistant professor of aerospace engineering at Georgia Tech and a former visiting scholar at MIT, is also an author.

Absorbing lead

The new study builds on work that Stathatou and Athanasiou began in 2021, when Athanasiou was a visiting scholar at MIT's Center for Bits and Atoms. That year, they calculated that waste yeast discarded from a single brewery in Boston would be enough to treat the city's entire water supply.




Through biosorption, a process that is not fully understood, yeast cells can bind to and absorb heavy metal ions, even at challenging initial concentrations below 1 part per million. The MIT team found that this process could effectively decontaminate water with low concentrations of lead. However, one key obstacle remained, which was how to remove yeast from the water after they absorb the lead.

In a serendipitous coincidence, Stathatou and Athanasiou happened to present their research at the AIChE Annual Meeting in Boston in 2021, where Gokhale, a student in Doyle's lab, was presenting his own research on using hydrogels to capture micropollutants in water. The two sets of researchers decided to join forces and explore whether the yeast-based strategy could be easier to scale up if the yeast were encapsulated in hydrogels developed by Gokhale and Doyle.

"What we decided to do was make these hollow capsules -- something like a multivitamin pill, but instead of filling them up with vitamins, we fill them up with yeast cells," Gokhale says. "These capsules are porous, so the water can go into the capsules and the yeast are able to bind all of that lead, but the yeast themselves can't escape into the water."

The capsules are made from a polymer called polyethylene glycol (PEG), which is widely used in medical applications. To form the capsules, the researchers suspend freeze-dried yeast in water, then mix them with the polymer subunits. When UV light is shone on the mixture, the polymers link together to form capsules with yeast trapped inside.

Each capsule is about half a millimeter in diameter. Because the hydrogels are very thin and porous, water can easily pass through and encounter the yeast inside, while the yeast remain trapped.

In this study, the researchers showed that the encapsulated yeast could remove trace lead from water just as rapidly as the unencapsulated yeast from Stathatou and Athanasiou's original 2021 study.




Scaling up

Led by Athanasiou, the researchers tested the mechanical stability of the hydrogel capsules and found that the capsules and the yeast inside can withstand forces similar to those generated by water running from a faucet. They also calculated that the yeast-laden capsules should be able to withstand forces generated by flows in water treatment plants serving several hundred residences.

"Lack of mechanical robustness is a common cause of failure of previous attempts to scale-up biosorption using immobilized cells; in our work we wanted to make sure that this aspect is thoroughly addressed from the very beginning to ensure scalability," Athanasiou says.

After assessing the mechanical robustness of the yeast-laden capsules, the researchers constructed a proof-of-concept packed-bed biofilter, capable of treating trace lead-contaminated water and meeting U.S. Environmental Protection Agency drinking water guidelines while operating continuously for 12 days.

This process would likely consume less energy than existing physicochemical processes for removing trace inorganic compounds from water, such as precipitation and membrane filtration, the researchers say.

This approach, rooted in circular economy principles, could minimize waste and environmental impact while also fostering economic opportunities within local communities. Although numerous lead contamination incidents have been reported in various locations in the United States, this approach could have an especially significant impact in low-income areas that have historically faced environmental pollution and limited access to clean water, and may not be able to afford other ways to remediate it, the researchers say.

"We think that there's an interesting environmental justice aspect to this, especially when you start with something as low-cost and sustainable as yeast, which is essentially available anywhere," Gokhale says.

The researchers are now exploring strategies for recycling and replacing the yeast once they're used up, and trying to calculate how often that will need to occur. They also hope to investigate whether they could use feedstocks derived from biomass to make the hydrogels, instead of fossil-fuel-based polymers, and whether the yeast can be used to capture other types of contaminants.

"Moving forward, this is a technology that can be evolved to target other trace contaminants of emerging concern, such as PFAS or even microplastics," Stathatou says. "We really view this as an example with a lot of potential applications in the future."

The research was funded by the Rasikbhai L. Meswani Fellowship for Water Solutions, the MIT Abdul Latif Jameel Water and Food Systems Lab (J-WAFS), and the Renewable Bioproducts Institute at Georgia Tech.
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Alzheimer's disease without symptoms: How is that possible? | ScienceDaily
Everyone experiences aging in their own way, and factors such as genetics, lifestyle and environment play a role in this process. Some individuals reach the age of 90 or even 100 in good health, without medications or brain disease. But how do these individuals maintain their health as they age?


						
Luuk de Vries from Joost Verhaagen's group, and his colleagues Dick Swaab and Inge Huitinga, looked at brains from the Netherlands Brain Bank. The Netherlands Brain Bank stores brain tissue from more than 5,000 deceased brain donors with a wide range of different brain diseases. What makes the Netherlands Brain Bank so unique is that, in addition to the stored tissue with very precise neuropathological diagnoses, they also keep the documented medical history and detailed disease course with the symptoms of each donor.

Resilient group

The team found a subgroup of people who had Alzheimer's disease processes in their brains, but did not show any clinical symptoms while alive. A so-called 'resilient' group. But how is it possible that they did not experience any symptoms while others did?

Luuk de Vries: 'what is happening in these people at a molecular and cellular level was not clear yet. We therefore searched for donors with brain tissue abnormalities who did not show cognitive decline in the Brain Bank. Of all the donors we found 12, so it is quite rare. We think that genetics and lifestyle play an important role in resilience, but the exact mechanism is still unknown.'

Keep challenging yourself

'Exercise or being cognitively active and having a lot of social contacts can help in delaying the onset of Alzheimer's disease. It has recently also been found that those who receive a lot of cognitive stimuli, like through a complex job, can build up more Alzheimer's pathology before developing symptoms. If we can find the molecular basis for resilience, then we have new starting points for the development of medication, which could activate processes related to resilience in Alzheimer's patients.'

Alzheimer's versus resilient group

'When we looked at gene expression, we saw that a number of processes were altered in the resilient group. First of all, the astrocytes appeared to produce more of the antioxidant metallothionein. Astrocytes are like garbage collectors and provide a protective role for the brain. Astrocytes often also ask for help from microglia, but because they can be quite aggressive, they sometimes worsen inflammation. In the resilient group a microglia pathway that's often linked to Alzheimer's disease appeared to be less active. In addition, we saw that the so-called "unfolded protein response," a reaction in brain cells that automatically removes a misfolded toxic protein, was affected in Alzheimer's patients, but was relatively normal in resilient individuals. Finally, we found indicators that there may also be more mitochondria in the brain cells resilient individuals, which ensures better energy production.'

But what do these differences in processes mean? And is there cause or effect? 'It remains difficult to determine from human data which process initiates the disease process. You can only demonstrate this by changing something in cells or animal models and seeing what happens next. That is the first thing we have to do now.'
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An astrocytic pH regulator that can repair the blood-brain barrier and reverse brain damage caused by ischemic stroke | ScienceDaily
Ischemic stroke is a leading cause of death and disability, affecting about 15 million worldwide each year. Among the various factors contributing to the pathogenesis of this condition is the loss of the blood-brain barrier, a highly selective protective cellular barrier that prevents harmful chemicals from entering the brain through the blood. Understanding the mechanisms that regulate the integrity of the blood-brain barrier, developing strategies to repair it, and reversing brain damage will have far-reaching benefits for patients suffering from stroke and related neurological conditions.


						
A recent study from the laboratory of Dr. Hyun Kyoung Lee, associate professor at Baylor College of Medicine and an investigator at the Jan and Dan Duncan Neurological Research Institute (Duncan NRI) at Texas Children's Hospital, has found that an ion transporter protein that regulates the pH of specific brain cells can repair the blood-brain barrier and restore normal brain function after ischemic stroke.

The study, published in Cell Reports, is the first to reveal novel and specific therapeutic targets for ischemic stroke and related brain conditions for which no targeted treatments exist currently.

The blood-brain barrier and pH regulation are disrupted in stroke and other neurological conditions

"Disruption of blood-brain barrier integrity is a pathophysiological hallmark of stroke and several devastating neurological disorders," Dr. Lee, a Cynthia and Anthony G. Petrello Endowed Scholar in Neurological Research, said. "A damaged blood-brain barrier often leads to severe consequences such as brain edema, neuronal damage, and eventually, motor and cognitive deficits. Very little was known about how stroke damages the blood-brain barrier prior to this study.

While endothelial cells form the core of the blood-brain barrier, emerging evidence suggests astrocytes, which are the most abundant and diverse type of support cells in the central nervous system, play a critical role in maintaining the integrity of this structure.

In addition to this barrier, a strict balance of pH (a measure of acidity or alkalinity of a solution) within the brain cells and their surrounding environment is crucial for optimal brain function. Dysregulation of pH homeostasis in the brain is often implicated in a range of neurological conditions.




Ischemic stroke injury is associated with a drastic reduction in pH. However, until this study, the precise reason for this alteration and the role of astrocytes in this process was not known.

Astrocytic Slc4a4 plays a critical role in the maintenance of the blood-brain barrier

Previous studies have demonstrated that a sodium-carbonate cotransporter 1 (Slc4a4), which is enriched in the astrocytes, is responsible for shuttling acid-base ions across the cell membrane in a bidirectional manner to regulate both intra- and extracellular pH in response to internal and external stimuli. Moreover, patients with Slc4a4 variants have been associated with many brain disorders, including ischemic stroke.

This is the first study to investigate whether and how Slc4a4 governs astrocyte-endothelial cell interaction in blood-brain barrier maintenance and repair after stroke.

To test the biological role of Slc4a4, the Duncan NRI team generated a conditional mouse model of Slc4a4 using which they could specifically delete the expression of this gene in the brain astrocytes during development and in adult mice.

Using this mouse model, they found that deleting Slc4a4 from astrocytes altered their structure and function. "We found that the brain vasculature was altered in the absence of astrocytic Slc4a4 -- there was >40% increase in the diameter of the blood vessels in the brain, a three-fold increase in the number of small molecules that were able to infiltrate the brain along with the loss of junctional markers -- which together provided compelling evidence that the blood-brain barrier was disrupted in the absence of astrocytic Slc4a4 in these mice," Dr. Qi Ye, lead author and postdoctoral fellow in the Lee lab said.




Slc4a4 is critical for remodeling the blood-brain barrier after ischemic stroke

To test if astrocytic Slc4a4 was important for remodeling the blood-brain barrier after ischemic stroke, they used a cortical photothrombotic stroke model in Slc4a4 animal models. This stroke injury model in animals closely mimics the size, location, as well as reactive gliosis, a scar-like inflammatory response to ischemic stroke injury in human brains.

In this model using multi-omics analyses, they found that loss of astrocytic Slc4a4 increased the secretion of a CCL2, a pro-inflammatory molecule, which activated the CCR2 receptor present on the nearby endothelial cells to increase permeability, damaging the blood-brain barrier and increasing leakage between the two cell types. Finally, they found this breakdown of the blood-brain barrier was mediated by increased levels of specific metabolites (arginine and nitrous oxide) caused by changes in astrocytic pH levels.

"By revealing the precise mechanism and key players involved in the breakdown of the blood-brain barrier after stroke, this study has opened potential new avenues to treat ischemic stroke and several associated brain pathologies," Dr. Lee said. "It is promising that key players identified in this pathway -- the Slc4a4 transporter protein, the CCL2-CCR2 axis as well the metabolites -- are 'druggable' and can be developed into potential therapeutic targets."
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Global methane emissions automatically detected in satellite imagery using AI | ScienceDaily
Methane is particularly targeted for curbing greenhouse gas emissions because its significant global-warming potential in the short term exceeds carbon dioxide by over 80-fold. However, monitoring methane emissions and compiling their quantities have been challenging due to limiting trade-offs with existing detection methods. Researchers developed a method to automatically detect methane emissions at a global scale, potentially providing methane detection at high frequency and high resolution from point sources.


						
As global temperatures rise to record highs, the pressure to curb greenhouse gas emissions has intensified. Methane is particularly targeted because its significant global-warming potential in the short term exceeds carbon dioxide by over 80-fold.

However, monitoring methane emissions and compiling their quantities have been challenging due to limiting trade-offs with existing detection methods.

Now, a research team including Kyoto University and Geolabe, USA has developed a method to automatically detect methane emissions at a global scale.

"Our approach can potentially provide methane detection at high frequency and high resolution from point sources, paving the way for a systematic quantification method," says lead author Bertrand Rouet-Leduc of KyotoU's Disaster Prevention Research Institute and Geolabe.

Rouet-Leduc further suggests that their method may help prioritize and automatically validate atmospheric mitigation of methane, which currently accounts for approximately one third of global warming.

Multispectral satellite data has emerged as a viable methane detection tool in recent years, enabling routine measurements of methane plumes at a global scale every few days. However, significant noise plagues these methane data, and until now, detections have been limited to very large emissions and have required human verification.




In contrast, the team has trained an AI to automatically detect methane leaks over 200kg/h, accounting for over 85% of the methane emissions in well-studied, large oil and gas basins.

"With satellite measurements, trade-offs must be made between spatial coverage, spatial and temporal resolution, and spectral resolution and associated detection accuracy. AI partially offsets these trade-offs," explains co-author Claudia Hulbert, also of Geolabe.

Methane plumes are invisible and odorless, so they are typically detected with specialized equipment such as infrared cameras. The difficulty in finding these leaks from space goes without saying, akin to finding a needle in a haystack. Leaks are distributed around the globe, and most of the methane plumes are relatively small, making them easy to miss in satellite data.

The group's collaborative work represents a key step towards the precise, systematic monitoring of methane emissions, anywhere on Earth, every few days.

"Automation is paramount when analyzing large areas. We were surprised that AI can automate the process and dramatically outperform the human eye in detecting small methane plumes, " reflects Rouet-Leduc.

"In our next phase, we plan to integrate additional satellites in a global study of methane emissions."
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Far from toxic, lactate rivals glucose as body's major fuel after a carbohydrate meal | ScienceDaily
As a student competing in track and field at his Parlier high school, Robert Leija was obsessed with how to improve his performance and, in particular, prevent the buildup of lactic acid in his muscles during training. Like many athletes, he blamed it for the performance fatigue and muscle soreness he experienced after intense workouts.


						
But as a kinesiology student at Fresno State, he was handed an out-of-print textbook that told him he had it all wrong. Lactate wasn't a danger sign that athletes had depleted their body's supply of oxygen, but likely a normal product of the metabolic activity required to fuel the muscles during sustained exercise.

Now, as a graduate student in the University of California, Berkeley, laboratory of the scientist who wrote that textbook, George Brooks, his research is providing a much clearer picture of lactate's role in the body, further refuting the notion that lactate is a sign of oxygen deprivation in the muscles.

In a paper published in February in the journal Nature Metabolism, Leija, Brooks and their colleagues showed conclusively that lactate is produced normally in humans after ingestion of carbohydrates. Lactate rapidly enters the bloodstream, even before glucose shows up. Far from being a toxic byproduct to be eliminated during hard exercise, dietary glucose is converted so rapidly to lactate that it preempts or shares top billing with glucose as the two main carbon-energy carriers in the body.

The results show that the rapid conversion of glucose to lactate, starting initially in the intestines, is a way for the body to deal with a sudden dose of carbohydrates. Lactate, working with insulin, buffers the appearance of dietary glucose in the blood.

"Instead of a big glucose surge, we have a lactate and glucose surge after eating," said Brooks, a UC Berkeley professor of integrative biology. "And the more of it that is converted into lactate from glucose, the better it is to manage glucose. Lactate is a carbohydrate buffer."

Brooks and his colleagues had earlier shown this to be true during intense exercise. The new study confirms that lactate plays the same role during normal non-exercise activity and resting.




"It's evidence to show that lactate shouldn't be associated with anaerobic metabolism -- that is oxygen-limited metabolism. It's just a normal response to consuming carbohydrates or to exercise," Leija said. "In exercise, lactate is utilized as the dominant fuel source. That's why your blood lactate increases as you exercise a little harder. It's not that you're making it as a waste product. It's getting into the blood because it needs to go to tissues that need it to continue their physiological performance."

Glucose tolerance

The study was conducted on 15 healthy, physically active young adults -- eight women and seven men -- as part of a larger NIH-funded study to determine how well people switch from fat to carbohydrate metabolism as they age. The volunteers were asked to fast overnight (12 hours) to deplete their carbohydrate and glycogen stores so that they were getting energy primarily by breaking down fats into fatty acids and using them to power basic bodily functions.

They then drank 75 grams of glucose, a rapidly absorbed sugar, to stimulate a switchover from fatty acid to carbohydrate metabolism. This is similar to the glucose tolerance test used to diagnose diabetes and is commonly given to pregnant women to screen for gestational diabetes.

Brooks' study differed from previous similar studies in that he and his colleagues, including Leija, closely monitored the volunteers' blood lactate levels over a two-hour period following ingestion of the glucose, and periodically measured the ratio of oxygen and carbon dioxide in their breath, which indicates the proportion of fatty acids versus carbohydrates being burned.

In order to calculate the amount of lactate that entered the blood compared to glucose, they infused lactate and glucose tracers -- lactate labeled with a stable, non-radioactive isotope, carbon-13, and glucose labeled with deuterium -- for 90 minutes beforehand to bring the levels of labeled lactate and glucose in the blood to between 1% and 2%. The dilution of the labeled lactate and glucose by incoming, unlabeled dietary glucose allowed them to establish the kinetics, that is, the appearance, disappearance and clearance of blood lactate and glucose. Most such experiments measure static venous blood concentration, which provides little information about glucose and lactate kinetics.




Sampling of arterialized blood was also key to success of the study, Leija said. That allowed the researchers to see what happened in the gut. Typically, a forearm vein is used to sample blood 30 minutes after a glucose challenge, but that sampling yields muddled results.

The researchers found that the volunteers began converting the dietary glucose into lactate before it even left the intestines. Levels of lactate began rising in arterial blood a mere five minutes after the meal, while glucose, often touted as the energy currency of the body, only showed up in the bloodstream 15 to 30 minutes after glucose ingestion.

"The first carbohydrate after a glucose meal gets into the blood as lactate because that's what intestinal cells do and because most of the glucose is captured by the liver before it is released into the blood for the muscles, where glucose is going to be converted to lactate," Brooks said. "We could see that because of lactate clearance and oxidation and because carbon-13 from the lactate tracer appeared in blood glucose. This shows that lactate is just a major energy highway for distributing carbohydrate -- carbon energy flux."

The lactate shuttle

Brooks has conducted human and animal studies for more than 50 years to investigate the role of lactate in the body, each study providing more evidence that it's not a toxic byproduct of oxygen-limited, anaerobic metabolism, which does not happen in the human body, he said. That assumption, however, has colored the way athletes as well as physicians have looked at lactate. Many physicians still perceive high levels of lactate -- often incorrectly called lactic acid -- in the blood as a symptom of illness that needs to be fixed with supplemental oxygenor drugs.

"Measuring lactate is one of the major things that sports medicine practitioners do. And now we understand what's happening," Brooks said. "Athletes are producing lactate all the time and clearing it all the time. And when they get to the point where they can't clear it, mostly by oxidation and making it into glucose, we know the person can't persist very long.

"I think this is so revolutionary. But it's really confusing to people. What was bad now is good. All the books are wrong."

Except for Brooks' textbook, "Exercise Physiology: Human Bioenergetics and Its Applications." Originally written in 1984 with Thomas Fahey, it's now in its 5th edition. Text for the 6th edition is already being uploaded to the publisher.

"When I read through Dr. Brooks' 1984 book it was a complete mind blow to me, to be honest," Leija said. "I had always associated lactic acid with exercising so hard that I was running out of oxygen and I wasn't putting anything together in terms of physiology. Then it started to make a lot more sense."

In his book, Brooks coined the term "lactate shuttle" to describe the body's metabolic feedback loop in which lactate is the intermediary sustaining most if not all tissues and organs.

He has showed, for example, that in many tissues, lactate is preferred as a fuel over glucose. During intense activity, the muscle mitochondria burn it preferentially and even shut off glucose and fatty acid fuel use. Brooks used tracers to show that human skeletal muscle, heart muscle and the brain prefer lactate to glucose as fuel and run more strongly on lactate. Lactate also signals fat tissue to stop breaking down fat for fuel.

One gap in these studies was what happens during normal non-exercise activity and resting. The current study fills that gap and supports the idea that when lactate levels in the blood remain high, it is a signal that something is disrupting the lactate shuttle cycle, not that lactate itself is harming the body.

"It's really informative about various medical conditions," Brooks said. "I think what's significant about the current result is that it's just not a muscle thing. It starts with dietary carbohydrate. This was a missing piece in the puzzle."

The recent study is part of Leija's Ph.D. thesis, after which he hopes to conduct further research on the metabolic role of lactate.

"Since before college I would read physiology books trying to improve my training and I would see all these science terms that I kind of ignored back then because I was just looking for, How can I get faster? How can I run longer?" Leija said. "But now, wow, it ended up helping me out indirectly. Still to this day, there's so much I think that's left to be uncovered about it."

Other coauthors of the study are graduate students Casey Curl, Jose Arevalo, Adam Osmond and Justin Duong, Melvin Huie, MD, a UC Berkeley graduate affiliated with Brooks' Exercise Physiology Laboratory, and Umesh Masharani, MD, an endocrinologist with UC San Francisco's Diabetes Center.
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Study links sleep apnea severity during REM stage to verbal memory decline | ScienceDaily
A research team led by the University of California, Irvine has revealed the link between the frequency of sleep apnea events during the rapid-eye-movement stage and the severity of verbal memory impairment in older adults at risk for Alzheimer's disease. Verbal memory refers to the cognitive ability to retain and recall information presented through spoken words or written text and is particularly vulnerable to Alzheimer's.


						
The study, recently published online in the journal Alzheimer's Research & Therapy, discovered a specific correlation between the severity of sleep apnea -- when breathing pauses while an individual is sleeping -- and diminished cognition. Higher ratios during REM compared to non-REM stages were associated with worse memory performance.

"Our findings identified the specific features of sleep apnea that are associated with memory, which is important because clinically, events occurring during REM sleep are often overlooked or minimized," said co-corresponding author Bryce Mander, UC Irvine associate professor of psychiatry & human behavior. "Most hours of sleep are non-REM, so the overall averages of apnea severity can look much lower than what is typically observed during REM sleep. This means that someone at risk can be misdiagnosed and undertreated because current evaluation standards are not focused on sleep-stage-specific apnea severity."

"Furthermore," said co-corresponding author Ruth Benca, professor and chair of psychiatry and behavioral medicine at Wake Forest University School of Medicine, "we found that women are more likely to have a greater proportion of their apneic events in REM sleep in comparison to men, which could potentially be contributing to their greater risk for Alzheimer's disease."

The study involved 81 middle-aged and older adults from the Wisconsin Alzheimer's Disease Research Center with heightened risk factors, of whom 62 percent were female. Participants underwent polysomnography -- a comprehensive test that records brain waves, eye movements, muscle activity, blood oxygen levels, heart rate and breathing during sleep -- and verbal memory assessments. Results showed apnea events during REM to be a critical factor contributing to verbal memory decline, especially among individuals with a genetic predisposition to Alzheimer's and those with a parental history of the disease.

"Our findings highlight the intricate relationship among sleep apnea, memory function and Alzheimer's risk," Mander said. "Identifying and addressing REM-specific events are crucial for developing proactive, personalized approaches to assessment and treatment that are tailored to individual sleep patterns."

The team also included lead author Kitty K. Lui, a graduate student in the San Diego State University/University of California, San Diego joint doctoral program in clinical psychology, and faculty and graduate students from UC Irvine, UC San Diego, the Wisconsin Alzheimer's Disease Research Center and the University of Kentucky.

This work was supported by the National Institute on Aging under grants R56 AG052698, R01 AG027161, R01 AG021155, ADRC P50 AG033514, R01 AG037639 and K01 AG068353; by the National Institutes of Health's Ruth L. Kirschstein National Research Service Award F31 AG048732; and by the National Center for Advancing Translational Sciences' Clinical and Translational Science Awards Program under grant UL1TR000427.
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Petroleum, chlorine mix could yield harmful byproducts | ScienceDaily
A new study from the University of Hawai'i at Manoa shows that chlorine mixed with petroleum in water can potentially produce inadvertent byproducts harmful to human health.


						
Small amounts of chlorine, within safe industry standards, are added to disinfect O`ahu's drinking water by the Honolulu Board of Water Supply (BWS) and military installations, according to BWS. In late November 2021, a petroleum release from the Red Hill Bulk Fuel Storage Facility contaminated the Red Hill drinking water well. Hundreds of families, living on Joint Base Pearl Harbor-Hickam and the Army's Aliamanu Military Reservation and Red Hill Housing, reported petroleum odors coming from tap water supplied by the U.S. Navy water system.

Lab experiments conducted by researchers in UH Manoa's College of Engineering and Water Resources Research Center (WRRC), showed elevated levels of THM4 (Total Trihalomethanes) and HAA5 (Haloacetic Acids), which are both classified as disinfection byproducts, can form during chlorination of petroleum contaminated water. THM4 was the most abundant, and additionally, various unregulated disinfection byproducts were produced. The researchers stress that their findings are from controlled lab conditions, and further research is needed to understand real-world implications.

According to the Centers for Disease Control and Prevention, "Chronic exposure to disinfection byproducts may increase risk of cancer. Humans exposed to unusually large amounts of some disinfection byproducts could experience liver damage and decreased nervous system activity."

"These findings highlight the potential health risks associated with chlorinating petroleum-contaminated water, and further research is needed to fully understand these risks in real-world conditions," said study co-author and Professor Tao Yan from the UH Manoa Department of Civil, Environmental and Construction Engineering and WRRC.

During the lab process, control reactors containing either only free chlorine or only petroleum hydrocarbons produced significantly lower or no detectable levels of disinfection byproducts, which indicated that the presence of petroleum hydrocarbons and free chlorine together was responsible for the elevated disinfection byproduct concentrations.

"Recent contamination events in the Pearl Harbor aquifer show that petroleum hydrocarbons can directly enter groundwater wells without undergoing natural breakdown processes," Yan said. "This study reveals that when unaltered petroleum hydrocarbons come into contact with free chlorine, commonly used in water treatment, they can produce higher levels of regulated disinfection byproducts. Understanding the potential risks during both water treatment and distribution is important for safeguarding water quality and protecting human health."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240514183448.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study explores role of epigenetics, environment in differing Alzheimer's risk between Black and white communities | ScienceDaily
A study from North Carolina State University has found that environmentally caused alterations to specific areas of the genome -- known as imprint control regions -- during early development may contribute to the risk of developing Alzheimer's disease, and that Black people may be more affected than white people. The work adds to our understanding of the ways in which environmental factors can contribute to genetic alterations and disease susceptibility.


						
"In terms of genetics and disease, I always think of Dr. Kenneth Olden's analogy: genetics loads the gun and the environment pulls the trigger," says Cathrine Hoyo, professor of biological sciences at NC State and co-corresponding author of the research.

"In fact, the Institute of Medicine has estimated that epigenetic response to the environment -how our genes respond to the environment -- contributes between 70% to 90% of chronic disease risk. And we know that in the case of Alzheimer's disease, only about 5% of cases are familial, or inherited.

"We also know that the risk of developing non-familial, or sporadic, Alzheimer's differs according to race -- Black people have twice the incidence of white people," Hoyo continues. "So we wanted to see if we could identify stable epigenetic features -- parts of the epigenome that are unlikely to change once established -- that distinguished Alzheimer's brains from those without the disease."

Specifically, the research team used the imprintome -- the imprint control regions (ICRs) in the human genome that regulate the expression of imprinted genes -- to identify stable epigenetic features that distinguished people with Alzheimer's disease from those without.

Imprinted genes differ from other genes because only one parental copy of an imprinted gene is active. The other copy is methylated, or silenced, early in development. Additionally with these genes, the methylation marks that control their expression are susceptible to environmental influences.

"With imprinted genes, there isn't a backup copy in the event of mutation," says Randy Jirtle, professor of epigenetics at NC State and co-corresponding author of the research. "ICRs control the expression of these genes -- in other words, they tell imprinted genes where, when and how to work through DNA methylation. And these methylation marks in ICRs don't normally change unless altered early in development, either at conception or shortly thereafter."

For the study, the team had brain tissue samples from 17 donors -- eight normal brains and nine with Alzheimer's. Each group was divided between non-Hispanic white and non-Hispanic Black donors (the Alzheimer's group had five samples from Black donors and four from white donors).




The team sequenced the entire genome for each sample, then looked for ICRs in the Alzheimer's brains that were either over- or under-methylated compared to the healthy brains.

They found 120 differently methylated ICRs in the Alzheimer's brains. Forty were found in the combined Black and white populations; however, 81 ICRs were found only in the Black population, and 27 were found only in the white population.

The differently methylated ICRs common to both populations are associated with (MEST/MESTIT1), a paternally expressed imprinted gene, and NLRP1, a predicted imprinted gene involved in brain inflammation.

"The importance of finding the common ICRs is that it could help us develop universal tests for potential disease markers," says Hoyo. "But it was very puzzling to discover that the Black population had almost three times as many affected ICRs as the white population.

"When you see that level of difference, and you know that the changes you're finding are likely caused early by environmental interactions, one possible explanation is that there are unique or different stressors in that population, and those epigenetic effects are being passed along."

The researchers hope the work could lead to testing and targeted early interventions to prevent Alzheimer's disease.




"We know that targeted prevention over long periods can alter risk," Hoyo says. "So if you can alert people early on about their risk and apply targeted interventions, you could prevent disease onset."

"Epigenetics is the science of hope," Jirtle says. "You can't necessarily reverse genetic mutations, but when you know disease risks result from changes in the epigenome you can potentially negate them."

The work appears in Clinical Epigenetics and was supported by the National Institutes of Health under grants R01HD098857, R01MD017696, R01MD011746, P30ES025128, and R01ES032462. Brain tissue samples were provided by Duke University School of Medicine. Former NC State Ph.D. student Sebnam Cevik is first author. Other NC State contributors were David Skaar, associate research professor of biology; Antonio Planchart, associate professor of biology; and Ph.D. student Dereje Jima. Dr. Andy Liu, Dr. Truls Ostbye and Dr. Heather E. Whitson of Duke University School of Medicine also contributed to the work.
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Bitter makes the stomach acidic, but how? | ScienceDaily
In the stomach, so-called parietal cells are responsible for acid production. They react not only to the body's own messenger molecules, but also to bitter-tasting food constituents such as caffeine. A research team from the Leibniz Institute for Food Systems Biology at the Technical University of Munich has now carried out a study on a human gastric cell line. Their results help to clarify the molecular regulatory mechanisms by which bitter substances influence gastric acid production.


						
It is known that taste receptors for bitter substances are not only found on the tongue, but also on the surface of other tissues and cells. These include the parietal cells of the stomach, which secrete protons into the stomach -- i.e. produce gastric acid. Recent studies have already shown that the bitter taste receptors found in parietal cells are involved in the regulation of gastric acid release. However, the underlying molecular signaling pathways are not yet fully understood.

Gastric cells as a test system

To further clarify the molecular interaction between bitter substances, bitter taste receptors, and gastric acid production, a research team led by Veronika Somoza, Director of the Leibniz Institute in Freising, has carried out a study on a cellular test system. This involves human parietal HGT-1 cells, which are able to secrete protons and, like taste cells, have bitter taste receptors.

Veronika Somoza's team initially developed a working hypothesis based on the results of previous studies and the findings on signal transduction pathways in taste cells. According to this hypothesis, bitter tasting food constituents stimulate bitter taste receptors that are embedded in the cell membrane. This releases calcium ions inside the cells, leading to ion channel opening. This, in turn, allows sodium ions to flow into the gastric cells from the outside, ultimately contributing to the release of protons.

Hypothesis confirmed

First author Phil Richter explains: "We have successfully tested this mechanism with the two bitter substances caffeine and l-arginine. As expected from previous results, both food constituents were shown to stimulate gastric cell proton secretion in our test system." The PhD student adds: "For the first time, we were able to demonstrate that the transient receptor potential channelsM4 and M5 are involved in the signaling cascade not only in taste cells but also in gastric cells and ensure an influx of sodium ions into the cells."

Senior Scientist Gaby Andersen says: "By using knock-out experiments, in which we specifically switched off one type of bitter taste receptor in the cells, we were also able to show for the first time that there is a link between bitter taste receptors and the activation of the ion channels." The scientist emphasizes that the results not only contribute to a better understanding of the role of taste receptors in the stomach but would also show that HGT-1 cells could be suitable as a replacement model for taste cells.

The research team agrees that the results will provide new insights into the regulation of gastric acid production and thus lead to innovative approaches in treating gastric diseases in the long term. However, further studies are needed to deepen knowledge of the molecular regulatory mechanisms and intracellular signaling pathways.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240514141421.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Artificial intelligence tool to improve heart failure care | ScienceDaily
UVA Health researchers have developed a powerful new risk assessment tool for predicting outcomes in heart failure patients. The researchers have made the tool publicly available for free to clinicians.


						
The new tool improves on existing risk assessment tools for heart failure by harnessing the power of machine learning (ML) and artificial intelligence (AI) to determine patient-specific risks of developing unfavorable outcomes with heart failure.

"Heart failure is a progressive condition that affects not only quality of life but quantity as well. All heart failure patients are not the same. Each patient is on a spectrum along the continuum of risk of suffering adverse outcomes," said researcher Sula Mazimba, MD, a heart failure expert. "Identifying the degree of risk for each patient promises to help clinicians tailor therapies to improve outcomes."

About Heart Failure

Heart failure occurs when the heart is unable to pump enough blood for the body's needs. This can lead to fatigue, weakness, swollen legs and feet and, ultimately, death. Heart failure is a progressive condition, so it is extremely important for clinicians to be able to identify patients at risk of adverse outcomes.

Further, heart failure is a growing problem. More than 6 million Americans already have heart failure, and that number is expected to increase to more than 8 million by 2030. The UVA researchers developed their new model, called CARNA, to improve care for these patients. (Finding new ways to improve care for patients across Virginia and beyond is a key component of UVA Health's first-ever 10-year strategic plan.)

The researchers developed their model using anonymized data drawn from thousands of patients enrolled in heart failure clinical trials previously funded by the National Institutes of Health's National Heart, Lung and Blood Institute. Putting the model to the test, they found it outperformed existing predictors for determining how a broad spectrum of patients would fare in areas such as the need for heart surgery or transplant, the risk of rehospitalization and the risk of death.




The researchers attribute the model's success to the use of ML/AI and the inclusion of "hemodynamic" clinical data, which describe how blood circulates through the heart, lungs and the rest of the body.

"This model presents a breakthrough because it ingests complex sets of data and can make decisions even among missing and conflicting factors," said researcher Josephine Lamp, of the University of Virginia School of Engineering's Department of Computer Science. "It is really exciting because the model intelligently presents and summarizes risk factors reducing decision burden so clinicians can quickly make treatment decisions."

By using the model, doctors will be better equipped to personalize care to individual patients, helping them live longer, healthier lives, the researchers hope.

"The collaborative research environment at the University of Virginia made this work possible by bringing together experts in heart failure, computer science, data science and statistics," said researcher Kenneth Bilchick, MD, a cardiologist at UVA Health. "Multidisciplinary biomedical research that integrates talented computer scientists like Josephine Lamp with experts in clinical medicine will be critical to helping our patients benefit from AI in the coming years and decades."

Findings Published

The researchers have made their new tool available online for free at https://github.com/jozieLamp/CARNA.

In addition, they have published the results of their evaluation of CARNA in the American Heart Journal. The research team consisted of Lamp, Yuxin Wu, Steven Lamp, Prince Afriyie, Nicholas Ashur, Bilchick, Khadijah Breathett, Younghoon Kwon, Song Li, Nishaki Mehta, Edward Rojas Pena, Lu Feng and Mazimba. The researchers have no financial interest in the work.

The project was based on one of the winning submissions to the National Heart, Lung and Blood Institute's Big Data Analysis Challenge: Creating New Paradigms for Heart Failure Research. The work was supported by the National Science Foundation Graduate Research Fellowship, grant 842490, and NHLBI grants R56HL159216, K01HL142848 and L30HL148881.

To keep up with the latest medical research news from UVA, subscribe to the Making of Medicine blog.
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People without an inner voice have poorer verbal memory | ScienceDaily
The vast majority of people have an ongoing conversation with themselves, an inner voice, that plays an important role in their daily lives. But between 5-10 per cent of the population do not have the same experience of an inner voice, and they find it more difficult to perform certain verbal memory tasks, new research shows.


						
Previously, it was commonly assumed that having an inner voice had to be a human universal. But in recent years, researchers have become aware that not all people share this experience.

According to postdoc and linguist Johanne Nedergard from the University of Copenhagen, people describe the condition of living without an inner voice as time-consuming and difficult because they must spend time and effort translating their thoughts into words:

"Some say that they think in pictures and then translate the pictures into words when they need to say something. Others describe their brain as a well-functioning computer that just does not process thoughts verbally, and that the connection to loudspeaker and microphone is different from other people's. And those who say that there is something verbal going on inside their heads will typically describe it as words without sound."

Harder to remember words and rhymes

Johanne Nedergard and her colleague Gary Lupyan from the University of Wisconsin-Madison are the first researchers in the world to investigate whether the lack of an inner voice, or anendophasia as they have coined the condition, has any consequences for how these people solve problems, for example how they perform verbal memory tasks.

People who reported that they either experienced a high degree of inner voice or very little inner voice in everyday life were subjected to one experiment that aimed to determine whether there was a difference in their ability to remember language input and one about their ability to find rhyme words. The first experiment involved the participants remembering words in order -- words that were similar, either phonetically or in spelling, e.g. "bought," "caught," "taut" and "wart."

"It is a task that will be difficult for everyone, but our hypothesis was that it might be even more difficult if you did not have an inner voice because you have to repeat the words to yourself inside your head in order to remember them," Johanne Nedergard explains and continues:




"And this hypothesis turned out to be true: The participants without an inner voice were significantly worse at remembering the words. The same applied to an assignment in which the participants had to determine whether a pair of pictures contained words that rhyme, e.g. pictures of a sock and a clock. Here, too, it is crucial to be able to repeat the words in order to compare their sounds and thus determine whether they rhyme."

In two other experiments, in which Johanne Nedergard and Gary Lupyan tested the role of the inner voice in switching quickly between different tasks and distinguishing between figures that are very similar, they did not find any differences between the two groups. Despite the fact that previous studies indicate that language and the inner voice play a role in these types of experiments.

"Maybe people who don't have an inner voice have just learned to use other strategies. For example, some said that they tapped with their index finger when performing one type of task and with their middle finger when it was another type of task," Johanne Nedergard says.

The results of the two researchers' study have just been published in the article "Not everybody has an inner voice: Behavioural consequences of anendophasia" in the scientific journal Psychological Science.

Does it make a difference?

According to Johanne Nedergard, the differences in verbal memory that they have identified in their experiments will not be noticed in ordinary everyday conversations. And the question is, does not having an inner voice hold any practical or behavioural significance?




"The short answer is that we just don't know because we have only just begun to study it. But there is one field where we suspect that having an inner voice plays a role, and that is therapy; in the widely used cognitive behavioural therapy, for example, you need to identify and change adverse thought patterns, and having an inner voice may be very important in such a process. However, it is still uncertain whether differences in the experience of an inner voice are related to how people respond to different types of therapy," says Johanne Nedergard, who would like to continue her research to find out whether other language areas are affected if you do not have an inner voice.

"The experiments in which we found differences between the groups were about sound and being able to hear the words for themselves. I would like to study whether it is because they just do not experience the sound aspect of language, or whether they do not think at all in a linguistic format like most other people," she concludes.

About the study

Johanne Nedergard's and Gary Lupyan's study comprised almost a hundred participants, half of whom experienced having very little inner voice and the other half very much inner voice.

The participants were subjected to four experiments, e.g. remembering words in sequence and switching between different tasks. The study has been published in the scientific journal Psychological Science.

Johanne Nedergard and Gary Lupyan have dubbed the condition of having no inner voice anendophasia, which means without an inner voice.
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Some brain cells age faster and are more prevalent in Alzheimer's | ScienceDaily
Engineers at the University of California San Diego have discovered that some brain cells age more rapidly than others, and they are disproportionately abundant in individuals afflicted with Alzheimer's disease. Additionally, researchers observed sex-specific differences in the aging process of certain brain cells, with the female cortex exhibiting a higher ratio of "old" oligodendrocytes to "old" neurons compared to the male cortex.


						
The discoveries were made possible by a new technique called MUSIC (multinucleic acid interaction mapping in single cells), which allows researchers to peek inside individual brain cells and map out interactions between chromatin -- which is the tightly coiled form of DNA -- and RNA. This technique enables researchers to visualize these interactions at single-cell resolution, as well as study how they influence gene expression.

The work is detailed in a paper published in Nature.

"MUSIC is a powerful tool that can allow us to dig deeper into the complexities of Alzheimer's disease," said study senior author Sheng Zhong, a professor in the Shu Chien-Gene Lay Department of Bioengineering at the UC San Diego Jacobs School of Engineering. "The technology has the potential to help us uncover novel molecular mechanisms underlying Alzheimer's pathology, which could pave the way for more targeted therapeutic interventions and improved patient outcomes."

The human brain houses a complex network of cells that communicate and interact in intricate ways. Within each of these cells lies a dynamic interplay of genetic components, including chromatin and RNA, which dictate crucial cellular functions. As brain cells grow and age, these interactions between chromatin and RNA change. And within each cell, these complexes can vary widely, especially in mature cells. However, unraveling the nuances of these interactions has remained a formidable challenge.

Enter MUSIC, a cutting-edge tool that offers a window into the inner workings of individual brain cells. Using MUSIC, Zhong's team analyzed postmortem brain samples, specifically human frontal cortex tissues, obtained from 14 donors aged 59 years and older, some with Alzheimer's disease and some without. They found that different types of brain cells exhibited distinct patterns of interactions between chromatin and RNA. Interestingly, cells with fewer short-range chromatin interactions tended to display signs of aging and Alzheimer's disease.

"With this transformative single-cell technology, we discovered that some brain cells are 'older' than others," said Zhong. Notably, individuals with Alzheimer's disease had a higher proportion of these older brain cells compared to healthy individuals, he explained.




Researchers say the discovery could aid in the development of new treatments for Alzheimer's disease.

"If we could identify the dysregulated genes in these aged cells and understand their functions in the local chromatin structure, we could also identify new potential therapeutic targets," said study co-first author Xingzhao Wen, a bioinformatics Ph.D. candidate in Zhong's lab.

The study also uncovered sex-specific differences in the aging of brain cells. In the cortex of female mice, researchers found a higher ratio of aged oligodendrocytes to aged neurons. Oligodendrocytes are a type of brain cell that provide a protective layer around neurons. Given their critical role in maintaining normal brain function, an increased prevalence of aged oligodendrocytes could potentially exacerbate cognitive decline.

"The disproportionate presence of old oligodendrocytes in the female cortex could shed new light on the increased risks of neurodegenerative and mental disorders observed in women," said Wen.

Next, the researchers will work on further optimizing MUSIC so that they can use it to identify factors -- such as regulatory genes and gene circuits -- that are responsible for the accelerated aging observed in specific brain cells. "Subsequently, we will devise strategies to impede the activity of these genes or circuits, in the hopes of mitigating brain aging," said Zhong.

This work is supported by the National Institutes of Health (DP1DK126138, R01GM138852, UH3CA256960, U01CA200147, R01HD107206) and by a Kruger Research grant.

Disclosure: Sheng Zhong is a founder and shareholder of Genemo, Inc. The remaining authors declare no competing interests.
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People with more copies of ribosomal DNA may have higher risks of developing disease | ScienceDaily
Ribosomal DNA (rDNA) is present in hundreds of copies in the genome, but has not previously been part of genetic analyses. A new study of 500,000 individuals indicates that people who have more copies of rDNA are more likely to develop inflammation and diseases during their lifetimes.


						
Standard genetic analysis techniques have not studied areas of the human genome that are repetitive, such as ribosomal DNA (rDNA), a fundamental part of the molecular mechanism which makes proteins in cells. A new study, led by Vardhman Rakyan and Francisco Rodriguez-Algarra from Queen Mary University of London's Blizard Institute in collaboration with David Evans from The University of Queensland's Institute for Molecular Bioscience, has discovered that genetic disposition to disease can be found in these previously understudied areas of the genome. These results suggest that wider genome analysis could bring opportunities for preventative diagnostics, novel therapeutics, and greater insight into the mechanism of different human diseases.

In this study, co-funded by Barts Charity, Rosetrees Trust, and the Biotechnology and Biological Sciences Research Council (BBSRC), samples from 500,000 individuals in the UK Biobank project were analysed. Researchers used new whole genome sequencing (WGS) techniques to identify differences in numbers of copies of rDNA in each sample, and compared them with other health metrics and medical records.

The researchers found that the number of copies of rDNA in an individual showed strong statistical association with well-established markers of systemic inflammation -- such as Neutrophil-to-Lymphocyte ratio (NLR), Platelet-to-Lymphocyte ratio (PLR), and Systemic Immune-Inflammation index (SII). These statistically significant associations were seen in the genomes of individuals of different ethnicities, suggesting a common indicator for risks of future disease.

rDNA copy number was also linked with an individual's kidney function within the sample of individuals of European ancestry. A similar effect was seen in samples from other ancestries, but further research using larger sample sizes will be needed to confirm this connection.

Professor Vardhman Rakyan, from the Genomics and Child Health in the Blizard Institute at Queen Mary, said: "Our research highlights the importance of analysing the whole genome to better understand the factors impacting on our health. This study is also an example of how having access to large biobanks allows us to make unexpected discoveries, and provides new avenues for harnessing the power of genetics to understand human diseases."

Professor David Evans, from The University of Queensland's Institute for Molecular Bioscience, said: "Geneticists have long struggled to fully explain the genetic basis of many common complex traits and diseases. Our work suggests that at least part of this missing heritability resides in difficult to sequence regions of the genome such as those encoding ribosomal copy number variation."

Victoria King, Director of Funding and Impact at Barts Charity, said: "We're delighted to have supported this work which could lead to better prevention and treatment for many different diseases. Using samples from UK Biobank participants, this study highlights the exciting potential of examining previously overlooked areas of the genome."
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Newly identified PET biomarker predicts success of immune checkpoint blockade therapy | ScienceDaily
The protein galectin-1 (Gal-1) has been identified as a new PET imaging biomarker for immune checkpoint blockade (ICB) therapy, allowing physicians to predict the tumor responses before beginning treatment. Information garnered from Gal-1 PET imaging could also be used to facilitate patient stratification and optimize immunotherapy, enabling targeted interventions and improving patient outcomes. This research was published in the May issue of The Journal of Nuclear Medicine.


						
Immunotherapies, such as ICB, have produced promising clinical outcomes in melanoma, non-small cell lung cancer, and several other types of tumors. However, only a subgroup of patients experiences positive outcomes with objective response rates spanning between five and 60 percent.

"Developing reliable approaches for assessing responses and selecting eligible patients for immunotherapy remains challenging," said Zhaofei Liu, PhD, Boya Distinguished Professor at Peking University in Beijing, China. "Current clinical criteria for monitoring solid tumor responses to immunotherapy are based on CT and MRI scans, but these methods result in a considerable delay between treatment commencement and response evaluation. Molecular imaging techniques, especially PET, have emerged as robust tools for predicting immunotherapy effectiveness through the real-time, quantitative, and noninvasive assessment of biomarkers in vivo."

In the study, a mouse model was utilized to identify new imaging biomarkers for tumor responses to ICB therapy. Through a proteomic analysis (separation, identification, and quantification of proteins in a tumor), researchers found that tumors exhibiting low Gal-1 expression responded positively to ICB therapy.

Next, Gal-1 was labeled with 124I and the radiotracer (124I-a-Gal-1) and small animal PET imaging and biodistribution studies were conducted to assess the specificity of the radiotracer. PET imaging with 124I-aGal-1 showed the immunosuppressive status of the tumor microenvironment, thus enabling the prediction of ICB resistance in advance of treatment. For tumors that were not predicted to respond well to ICB therapy, researchers developed a rescue strategy that utilized a Gal-1 inhibitor that significantly improved the chance for success.

"Gal-1 PET opens avenues for the early prediction of ICB efficacy before treatment initiation and facilitates the precision design of combinational regimes," noted Liu. "This sensitive approach has the potential to achieve individualized precision treatment for patients in the future."

This research was published online in March 2024.
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Distinct population of 'troublemaker' platelet cells appear with aging, lead to blood clotting, disease | ScienceDaily
As people age, they become more prone to blood clotting diseases, when blood cells called platelets clump together when they don't need to and can cause major issues such as strokes and cardiovascular disease. For decades, scientists have studied why older people's blood cells behave in this way, using their insights to develop the myriad of blood-thinning drugs now on the market for treating the leading cause of death in the United States.


						
Now, UC Santa Cruz Professor of Biomolecular Engineering Camilla Forsberg and her research group have discovered a distinct, secondary population of platelets that appears with aging and have hyperreactive behavior and unique molecular properties, which could make them easier to target with medication. The researchers traced this population of platelets to its stem cell origins, finding what they identify as the first-ever-discovered age-specific development pathway from a stem cell to a distinct mature platelet cell.

"The question for decades and decades has been: why are aging people at such high risk for excessive blood clotting, stroke, and cardiovascular disease?" Forsberg said. "We have this discovery of a whole new pathway that progressively appears with aging -- troublemakers! That was never part of the discussion."

The research group presented their findings in a paper published in the  journal Cell. First author Donna Poscablo, Forsberg's former Ph.D. student who is now a postdoctoral scholar at Stanford University, and her peers carried out these experiments with the resources and training environment at the Institute for the Biology of Stem Cells (IBSC) at UC Santa Cruz.

Understanding platelets 

Platelet cells are one of three types of blood cells produced by the body, with red and white blood cells being the other two. Millions of these cells float around in the blood at all times, and when an injury occurs either internally or externally, they clot together to form a natural, living bandaid. Platelet dysregulation, which is known to increase with age, occurs when these cells are either hyperreactive and form clots too often, or are underperforming. In both cases the body can't properly manage bleeding and clotting, although hyperreactivity is a much more widely-seen problem.

All blood cells begin as hematopoietic stem cells, a special class of stem cells, and then mature through a series of intermediary steps called a "differentiation pathway" that lead them to their fate as either platelets, red blood cells, or white blood cells. It's been known for decades that these hematopoietic stem cells decline with age, but that presents a contradiction for scientists: if the hematopoietic cells are less healthy, then why are the platelets they create hyperreactive?




A 'shortcut' pathway 

As stem cell biologists, the researchers at UC Santa Cruz approached this question by investigating the hematopoietic stem cells.

They conducted experiments that allowed them to trace the lineages of these stem cells in mouse models, and discovered that in aged mice some of their platelets did not travel along the differentiation pathway. Instead, they took what the UCSC researchers dubbed a "shortcut" pathway, skipping over the intermediary steps and immediately becoming megakaryocyte progenitors, the blood cell stage immediately before platelet production. To the researchers' knowledge, this is the first age-specific stem cell pathway ever discovered.

"People think of [platelets and red blood cells] as one lineage that shares regulation and intermediate stages until the very end," Forsberg said. "To see that [the secondary platelet population] were completely separated all the way from the stem cell level, only in aged mice, was really surprising."

While the population of platelets produced from the shortcut pathway are hyperreactive, the platelets produced from the main pathway continue to behave like the platelets in a young person.

"The gradual differentiation cascade maintains a youthful property, and I feel like that is also surprising within itself," Poscablo said.




They found that the hyperreactive secondary platelets start to be produced around midlife for the mice, with their population growing progressively with aging. As of now, the researchers have not found a trigger that begins the production of this secondary pathway. Unexpectedly, however, it does not seem to be triggered by the aging environment itself: when a young hematopoietic stem cell is transferred into an aged environment, it doesn't seem to trigger the shortcut pathway; and when an aged hematopoietic stem cell is put into young environment, the old stem cells continue to operate as old stem cells.

"That was surprising, the age resilience of the other pathway," Forsberg said. "One of the platelet populations is not affected at all [by aging], whereas the one we have discovered is -- so the whole phenomenon is not primarily induced by the environment, but by the differentiation path."

Choosing better treatments 

Knowing that this secondary population of platelets exists will help researchers find new ways to target and regulate these problematic cells via their stem cells. Before this, researchers have not tried to target these upstream cells.

"From our expertise, we can ask the questions of how to target the hematopoietic stem cell and now the megakaryocyte progenitor, which has never really been highlighted before as a place to target," Poscablo said.

Targeting these cells may not require the creation of new medications, but more simply inform the prescription of existing blood thinners such as Aspirin, which treat different patients to varying degrees even if they present with similar clotting-related symptoms. Using their mouse models, the researchers will identify which of the two populations of stem cells are more sensitive to Aspirin and the myriad of other platelet drugs on the market.

The UCSC researchers are also currently working on finding this secondary population of platelets in human cells with the support of a grant from the California Institute for Regenerative Medicine (CIRM). In the mouse models, they will continue to study how to manipulate and control the shortcut pathway, with funding from the National Institutes of Health (NIH) .

Collaborators on this research included UCSC Assistant Professor of Applied Mathematics Vanessa Jonsson and University of Michigan Medical School's Reheman Adili and Michael Holinstat. Current and former IBSC scholars on this project included Atesh Worthington (now at UC San Francisco), Stephanie Smith-Berdan, Marcel Rommel, Bryce Manso, Lydia Mok, Roman Reggiardo, Taylor Cool, Raana Mogharrab, Jenna Myers, Steven Dahmen, Paloma Medina, Anna Beaudin (now at the University of Utah, Salt Lake City), and Scott Boyer.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240514141252.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Mixed public opinion on polygenic embryo screening for IVF | ScienceDaily
Three out of four U.S. adults support the use of emerging technologies that estimate a future child's likelihood of developing health conditions influenced by multiple genes -- such as diabetes, heart disease, and depression -- before an embryo is implanted during in vitro fertilization (IVF), according to a new public opinion survey led by researchers at Harvard Medical School.


						
Results of the survey, to be published May 14 in JAMA Network Open, underscore the need for public education and conversation about the positive and negative implications of these ethically fraught technologies, the researchers said.

Although the approach, known as polygenic embryo screening, is not yet available in most IVF clinics, a few companies have begun offering such estimates -- or risk scores -- to gauge disease risk, the researchers noted.

"Polygenic embryo screening is largely unregulated in the United States, and without proper context and focused patient education, risk scores can create false expectations," said first author Remy Furrer, research fellow in bioethics in the Department of Global Health and Social Medicine in the Blavatnik Institute at HMS.

"This survey rings the alarm that geneticists, behavioral scientists, bioethicists, clinicians, and genetic counselors need to work together to figure out ways to communicate the limitations to people, so they understand what polygenic risk scores do and don't provide," he said.

Nearly three-quarters of respondents said they support using such screening to assess the risk of a future child developing a physical or psychiatric condition, such as heart disease, diabetes, or depression -- but that number dropped when people were first presented with various concerns for individuals and society.

Far fewer respondents approved the use of the technology to predict traits unrelated to disease, such as intelligence, height, and skin color.




The results suggest that educating people better about the current shortfalls and implications -- including regulating the promises that companies can make -- will temper optimism and help ensure that as these technologies develop, they will be implemented in scientifically sound, ethical, and equitable ways, the authors said.

How accurate are polygenic risk scores?

Up until now, patients undergoing IVF could choose which embryos to implant based on DNA tests that detect chromosomal abnormalities, such as Down syndrome, and diseases caused by mutations in a single gene, such as cystic fibrosis. Such screening, known as preimplantation genetic testing, is well-established and widely used.

By contrast, polygenic embryo screening estimates probabilities for conditions and traits influenced by many gene variants that each raise or lower risk by a small amount.

Experts disagree on how useful this technology might become in the future, but at present there are clear limitations to accuracy, Furrer said. Polygenic conditions arise from different combinations of genes, environment, and behaviors in ways that aren't yet fully understood. The American College of Medical Genetics and Genomics has said that polygenic embryo screening is not yet suitable for clinical use.

This gap between the state of the science and the growing availability of such tests compelled Furrer and colleagues to conduct the survey. They hope the results inspire professionals to advocate for more informed dialogue and guidance around these technologies.




"The complexities and limitations of polygenic risk scores are challenging to convey." Furrer said. "But we need to do so to ensure that people understand the high level of uncertainty that comes with estimating these risks."

By the numbers

The survey drew from the team's interviews with IVF patients and reproductive health specialists. Questions included lists of conditions, traits, and potential repercussions that participants were asked to weigh in on. The survey also made clear that polygenic risk scores could be used simply for information, to prepare for a future child, or to select an embryo for implantation.

The first part of the study surveyed more than 1,400 participants representing the wider U.S. population in age, gender, and race/ethnicity. It was conducted between March and July 2023.

Findings showed that:
    	72 percent of respondents approved of using polygenic embryo screening in general.
    	17 percent were ambivalent and 11 percent disapproved.
    	77 percent approved of selecting embryos based on risk of certain physical health conditions.
    	72 percent approved of selecting embryos based on risk of certain psychiatric health conditions.
    	36 percent approved of selecting embryos based on likelihood of certain behavioral traits.
    	30 percent approved of selecting embryos based on likelihood of certain physical traits.
    	92 percent expressed at least slight concern about polygenic embryo screening leading to false expectations about the future child.

    	About half were "very" or "extremely" concerned about negative outcomes for individuals or society.
    	82 percent said they would be at least slightly interested in using polygenic embryo screening if they were already undergoing IVF.
    	30 percent said they would consider undergoing IVF to gain access to polygenic embryo screening.

Approval was higher for using risk scores to prepare for a child than to select an embryo.

Positives and negatives

The second part of the study, conducted from March 2023 to February 2024 with about 200 respondents, placed the list of potential concerns at either the beginning or the end of the survey.

The concerns were:
    	Parents having false expectations about the future child.
    	Promoting eugenic thinking or practices -- unethical efforts to select on a wide scale for traits considered desirable.
    	Stigmatizing certain traits and conditions viewed as less desirable.
    	Treating embryos like a product by selecting them based on preferred genetic chances for conditions or traits.
    	Risk scores not being equally relevant for all ethnicities because of the Euro-centric nature of many genetic databases.
    	Unequal access to the technology due to high cost.
    	Low accuracy of genetic estimates for conditions or traits.
    	Reduced diversity of human population.
    	Possibility of nurtured genetics -- parents consciously or unconsciously shaping their children's environments based on the genetic estimates.
    	Confusion over how to interpret and use test results.
    	Guilt over decisions if the child develops a particular condition or trait.
    	Discarding of embryos.
    	Feeling pressured to use the technology.

In the second survey, respondents given the list at the start reported lower overall approval (28 percentage points less) and more uncertainty (24 percentage points higher) about polygenic embryo screening than those who saw the list at the end -- a finding that speaks to the importance of education and framing the public conversation.

How to find the right balance

Some of the survey results are nuanced, the authors note, and should not be taken as unqualified public support or rejection of polygenic embryo screening.

"These findings offer an initial glimpse into public opinion, predicated on a limited presentation of the technology," said Furrer. "Future research must explore how opinions evolve."

For instance, the team recommends further research into what it means that a majority of respondents approved of polygenic screening for selecting embryos but also expressed strong concerns about sliding into eugenics.

It will also be important to examine the role that personal and group values, such as reproductive freedom and autonomy, play in shaping public attitudes, the authors said.

The authors conclude that the work underscores the need to inform not only the public and IVF patients but also clinicians and genetic counselors, who need to be prepared to answer the rising tide of questions about the potential benefits, present limitations, and concerns surrounding polygenic embryo screening.

Authorship, funding, disclosures

Additional authors are Dorit Barlevy, Stacey Pereira, Shai Carmi, Todd Lencz, and principal investigator Gabriel Lazaro-Munoz, assistant professor of psychiatry in the Center for Bioethics and Department of Global Health and Social Medicine at HMS.
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Innovative 'mini-brains' could revolutionize Alzheimer's treatment | ScienceDaily
Using an innovative new method, a University of Saskatchewan (USask) researcher is building tiny pseudo-organs from stem cells to help diagnose and treat Alzheimer's.


						
When Dr. Tyler Wenzel (PhD) first came up with the idea of building a miniature brain from stem cells, he never could have predicted how well his creations would work.

Now, Wenzel's "mini-brain" could revolutionize the way Alzheimer's and other brain-related diseases are diagnosed and treated.

"Never in our wildest dreams did we think that our crazy idea would work," he said. "These could be used as a diagnostic tool, built from blood."

Wenzel, a postdoctoral fellow in the College of Medicine's Department of Psychiatry, developed the idea for the "mini-brain" -- or more formally, a one-of-a-kind cerebral organoid model -- while working under the supervision of Dr. Darrell Mousseau (PhD).

Human stem cells can be manipulated to develop into practically any other cell in the body. Using stem cells taken from human blood, Wenzel was able to create a tiny artificial organ -- roughly three millimetres across and resembling visually what Wenzel described as a piece of chewed gum someone has tried to smooth out again.

These "mini-brains" are built by creating stem cells from a blood sample, and then transforming these stem cells into functioning brain cells. Using small synthetic organoids for research is not a novel concept -- but the "mini-brains" developed in Wenzel's lab are unique. As outlined in Wenzel's recent published article in Frontiers of Cellular Neuroscience, the brains from Wenzel's lab are comprised of four different types of brain cells while most brain organoids are comprised of only neurons.




In testing, Wenzel's "mini-brains" more accurately reflect a fully-fledged adult human brain, so they can be used to more closely examine neurological conditions of adult patients, such as Alzheimer disease.

And for those "mini-brains" created from the stem cells of individuals who have Alzheimer's, Wenzel determined that the artificial organ displayed the pathology of Alzheimer's -- just on a smaller scale.

"If stem cells have the capacity to become any cell in the human body, the question then came 'could we create something that resembles an entire organ?'" Wenzel said. "While we were developing it, I had the crazy idea that if these truly are human brains, if a patient had a disease like Alzheimer's and we grew their 'mini-brain,' in theory that tiny brain would have Alzheimer's."

Wenzel said this technology has the potential to change the way health services are provided to those with Alzheimer's, particularly in rural and remote communities. This groundbreaking research has already received support from the Alzheimer Society of Canada.

If Wenzel and his colleagues can create a consistent way to diagnose and treat neurological conditions like Alzheimer's using only a small blood sample -- which has a relatively long shelf life and can be couriered -- instead of requiring patients to travel to hospitals or specialized clinics, it could be a tremendous resource savings for the healthcare system and a burden off of patients.

"In theory, if this tool works the way we think it does, we could just get a blood sample shipped from La Loche or La Ronge to the university and diagnose you like that," he said.




The early proof-of-concept work on the "mini-brains" has been extremely promising -- which means the next step for Wenzel is expanding the testing to a larger pool of patients.

The researchers are also interested in trying to expand the scope of the "mini-brain" research. According to Wenzel, if they can confirm the "mini-brains" accurately reflect other brain diseases or neurological conditions, they could potentially be used to speed up diagnoses or test the efficacy of drugs on patients.

As an example, Wenzel pointed to the substantial wait times to see a psychiatrist in Saskatchewan. If the "mini-brains" could be used to test which antidepressant works best on a patient suffering from depression, it could dramatically reduce the time required to see a doctor and receive a prescription.

A former high school science teacher who made the move into the world of research and academia, Wenzel said it's the "nature of research" to come up with a hypothesis and hit close to the mark in an experiment that excites him his work.

The astounding success of the early "mini-brains," however, has been so staggering that Wenzel admitted he still struggles to wrap his own brain around it.

"I'm still in disbelief, but it's also extremely motivating that something like this happened," Wenzel said. "It gives me something that I think will impact society and have actual relevance and create some change ... it has a strong potential to shift the landscape of medicine."
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First case of highly pathogenic avian influenza transmitted from cow to human confirmed | ScienceDaily
Texas Tech University's Biological Threat Research Laboratory (BTRL) played a key role in detecting the first case of highly pathogenic avian influenza (HPAI) A (H5N1) transmitted from a mammal (dairy cow) to a human.


						
The case was made public in an article published in the New England Journal of Medicine. Steve Presley, the director of The Institute of Environmental and Human Health (TIEHH) and the BTRL, and Cynthia Reinoso Webb, the biological threat coordinator at TIEHH, were co-authors on the journal publication.

The journal article explains that in March a farm worker who reported no contact with sick or dead birds, but who was in contact with dairy cattle, began showing symptoms in the eye and samples were collected by the regional health department to test for potential influenza A.

Initial testing of the samples was performed at the BTRL, which is a component of the Centers for Disease Control and Prevention (CDC) Laboratory Response Network-Biological (LRN-B) located at TIEHH.

"It's a huge thing that the virus has jumped from birds to mammals, dairy cows in this case, and then to humans," Presley said. "That's why this paper in the New England Journal of Medicine is very significant. It's going to lay the foundation, I believe, for a lot of research in the future of how the virus is evolving."

The involvement of Texas Tech's BTRL is a continuation of the partnership between regional, state and federal public health partners.

"Being part of the CDC LRN-B, we have the standing capability to test for a lot of biological threats and some that are considered emergent," Reinoso Webb explained.




The lab's standby status allowed Reinoso Webb and the Texas Tech BTRL team to respond quickly to the needs of the regional public health authority. Knowing the potential dangers of the virus, Reinoso Webb pushed the testing into the safest laboratory available, and the team went to work.

Having received the samples in the early evening, results were being reported to regional, state and federal levels within hours. By the next day the samples were on their way to the CDC for further testing and confirmation.

"We were on the phone with the CDC until around midnight discussing different scenarios and follow up requirements," Reinoso Webb said. "There is a lot of federal reporting. It was a very complicated case, even though it was two samples and one patient.

"But we had this wonderful communication with the CDC and made sure we did everything by the book. This is how it's been structured, and this is how the communication was supposed to happen."
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Persistent strain of cholera defends itself against forces of change, scientists find | ScienceDaily
A deadly strain of cholera bacteria that emerged in Indonesia back in 1961 continues to spread widely to this day, claiming thousands of lives around the world every year, sickening millions -- and, with its persistence, baffling scientists. Finally, in a study published today in Nature, researchers from The University of Texas at Austin have discovered how this dangerous strain has held out over decades.


						
A longstanding mystery about the strain of Vibrio cholerae (V. cholerae) responsible for the seventh global cholera pandemic is how this lineage has managed to out-compete other pathogenic variants. The UT team identified a unique quirk of the immune system that protects the bacteria from a key driver of bacterial evolution.

"This component of the immune system is unique to this strain, and it has likely given it an extraordinary advantage over other V. Cholerae lineages," said Jack Bravo, a UT postdoctoral researcher in molecular biosciences and corresponding author on the paper. "It has also allowed it to defend against parasitic mobile genetic elements, which has likely played a key part in the ecology and evolution of this strain and ultimately contributed to the longevity of this pandemic lineage."

Cholera and other bacteria, like all living things, evolve through a series of mutations and adaptations over time, allowing for new developments in a changing environment, such as antibiotic resistance. Some of the drivers of evolution in microbes are even smaller DNA structures called plasmids that infect, exist and replicate inside a bacterium in ways that can change bacterial DNA. Plasmids also can use up energy and cause mutations that are less advantageous for the bacteria.

Through a combination of laboratory analysis and cryo-electron-microscope imaging, the research team identified a unique two-part defense system that these bacteria have that essentially destroys plasmids, thus protecting and preserving the bacterial strain.

The World Health Organization estimates that cholera infects 1.3 million to 4 million people a year and that between 21,000 and 143,000 die annually. The bacterium is usually spread through contaminated water and food or contact with an infected person's fluids. Severe cases are marked by diarrhea, vomiting and muscle cramps that can lead to dehydration, sometimes fatally. Outbreaks occur mostly in areas with poor sanitation and drinking water infrastructure. Although there is currently a vaccine to fight cholera, protection against severe symptoms drops after only three months. With new interventions needed, researchers say their study offers a potential new avenue for drugmakers to explore.

"This unique defense system could be a target for treatment or prevention," said David Taylor, associate professor of molecular biosciences at UT and an author on the paper. "If we can remove this defense, it could leave it vulnerable, or if we can turn its own immune system back on the bacteria, it would be an effective way to destroy it."

The defense system outlined in the paper consists of two parts that work together. One protein targets the DNA of plasmids with remarkable accuracy, and a complementary enzyme shreds the DNA of the plasmid, unwinding the helix of the DNA moving in opposite directions.

Researchers noted that this system is also similar to some of the CRISPR-Cascade complexes, which are also based on bacterial immune systems. The CRISPR discovery eventually revolutionized gene-editing technologies that have brought about massive biomedical breakthroughs.

Delisa A. Ramos, Rodrigo Fregoso Ocampo and Caiden Ingram of UT were also authors on the paper. The research was funded by the National Institute of General Medical Sciences (NIGMS) of the National Institutes of Health and a Welch Foundation research grant.
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Insights into protein evolution | ScienceDaily
Rice University's Peter Wolynes and his research team have unveiled a breakthrough in understanding how specific genetic sequences, known as pseudogenes, evolve. Their paper was published May 13 by the  Proceedings of the National Academy of Sciences.


						
Led by Wolynes, the D.R. Bullard-Welch Foundation Professor of Science, professor of chemistry, biosciences and physics and astronomy and co-director of the Center for Theoretical Biological Physics (CTBP), the team focused on deciphering the complex energy landscapes of de-evolved, putative protein sequences corresponding to pseudogenes.

Pseudogenes are segments of DNA that once encoded proteins but have since lost their ability to do so due to sequence degradation -- a phenomenon referred to as devolution. Here, devolution represents an unconstrained evolutionary process that occurs without the usual evolutionary pressures that regulate functional protein-coding sequences.

Despite their inactive state, pseudogenes offer a window into the evolutionary journey of proteins.

"Our paper explains that proteins can de-evolve," Wolynes said. "A DNA sequence can, by mutations or other means, lose the signal that tells it to code for a protein. The DNA continues to mutate but does not have to lead to a sequence that can fold."

The researchers studied junk DNA in a genome that has de-evolved. Their research revealed that a mutation accumulation in pseudogene sequences typically disrupts the native network of stabilizing interactions, making it challenging for these sequences, if they were to be translated, to fold into functional proteins.

However, the researchers observed instances where certain mutations unexpectedly stabilized the folding of pseudogenes at the cost of altering their previous biological functions.




They identified specific pseudogenes, such as cyclophilin A, profilin-1 and small ubiquitin-like modifier 2 protein, where stabilizing mutations occurred in regions crucial for binding to other molecules and other functions, suggesting a complex balance between protein stability and biological activity.

Moreover, the study highlights the dynamic nature of protein evolution as some previously pseudogenized genes may regain their protein-coding function over time despite undergoing multiple mutations.

Using sophisticated computational models, the researchers interpreted the interplay between physical folding landscapes and the evolutionary landscapes of pseudogenes. Their findings provide evidence that the funnellike character of folding landscapes comes from evolution.

"Proteins can de-evolve and have their ability to fold compromised over time due to mutations or other means," Wolynes said. "Our study offers the first direct evidence that evolution is shaping the folding of proteins."

Along with Wolynes, the research team includes lead author and applied physics graduate student Hana Jaafari ; CTBP postdoctoral associate Carlos Bueno ; University of Texas at Dallas graduate student Jonathan Martin; Faruck Morcos, associate professor in the Department of Biological Sciences at UT-Dallas; and CTBP biophysics researcher Nicholas P. Schafer.

The implications of this research extend beyond theoretical biology with potential applications in protein engineering, Jaafari said.

"It would be interesting to see if someone at a lab could confirm our results to see what happens to the pseudogenes that were more physically stable," Jaafari said. "We have an idea based on our analysis, but it'd be compelling to get some experimental validation."
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Just believing that an AI is helping boosts your performance | ScienceDaily
Sometimes it seems like an AI is helping, but the benefit is actually a placebo effect -- people performing better simply because they expect to be doing so -- according to new research from Aalto University in Finland. The study also shows how difficult it is to shake people's trust in the capabilities of AI systems.


						
In this study, participants were tasked with a simple letter recognition exercise. They performed the task once on their own and once supposedly aided by an AI system. Half of the participants were told the system was reliable and it would enhance their performance, and the other half was told that it was unreliable and would worsen their performance.

'In fact, neither AI system ever existed. Participants were led to believe an AI system was assisting them, when in reality, what the sham-AI was doing was completely random,' explains doctoral researcher Agnes Kloft.

The participants had to pair letters that popped up on screen at varying speeds. Surprisingly, both groups performed the exercise more efficiently -- more quickly and attentively -- when they believed an AI was involved.

'What we discovered is that people have extremely high expectations of these systems, and we can't make them AI doomers simply by telling them a program doesn't work,' says Assistant Professor Robin Welsch.

Following the initial experiments, the researchers conducted an online replication study that produced similar results. They also introduced a qualitative component, inviting participants to describe their expectations of performing with an AI. Most had a positive outlook toward AI and, surprisingly even skeptical people still had positive expectations about its performance.

The findings pose a problem for the methods generally used to evaluate emerging AI systems. 'This is the big realization coming from our study -- that it's hard to evaluate programmes that promise to help you because of this placebo effect', Welsch says.




While powerful technologies like large language models undoubtedly streamline certain tasks, subtle differences between versions may be amplified or masked by the placebo effect -- and this is effectively harnessed through marketing.

The results also pose a significant challenge for research on human-computer interaction, since expectations would influence the outcome unless placebo control studies were used.

'These results suggest that many studies in the field may have been skewed in favour of AI systems,' concludes Welsch.

The researchers will present the study at the CHI-conference on May 14.
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Cats purrfectly demonstrate what it takes to trust robots | ScienceDaily
Would you trust a robot to look after your cat? New research suggests it takes more than a carefully designed robot to care for your cat, the environment in which they operate is also vital, as well as human interaction.


						
Cat Royale is a unique collaboration between Computer Scientists from the University of Nottingham and artists at Blast Theory who worked together to create a multispecies world centred around a be-spoke enclosure in which three cats and a robot arm coexist for six hours a day during a twelve-day installation as part of an artist-led project. The installation was launched in 2023 at the World Science Festival in Brisbane, Australia and has been touring since, it has just won a Webby award for its creative experience.

The research paper, "Designing Multispecies Worlds for Robots, Cats, and Humans" has just been presented at the annual Computer-Human Conference (CHI'24) where it won best paper. It outlines how designing the technology and its interactions is not sufficient, but that it is equally important to consider the design of the `world' in which the technology operates. The research also highlights the necessity of human involvement in areas such as breakdown recovery, animal welfare, and their role as audience.

Cat Royale centred around a robot arm offering activities to make the cats happier, these included dragging a 'mouse' toy along the floor, raising a feather 'bird' into the air, and even offering them treats to eat. The team then trained an AI to learn what games the cats liked best so that it could personalise their experiences.

"At first glance, the project is about designing a robot to enrich the lives of a family of cats by playing with them. " commented Professor Steve Benford from the University of Nottingham who led the research, "Under the surface, however, it explores the question of what it takes to trust a robot to look after our loved ones and potentially ourselves."

Working with Blast Theory to develop and then study Cat Royale, the research team gained important insights into the design of robots and its interactions with the cats. They had to design the robot to pick up toys, deploy them in ways that excited the cats, while it learned which games each cat liked. They also designed the entire world in which the cats and the robot lived, providing safe spaces for the cats to observe the robot and from which to sneak up on it, and decorating it so that the robot had the best chance of spotting the approaching cats.

The implication is designing robots involves interior design as well as engineering and AI. If you want to introduce robots into your home to look after your loved ones, then you will likely need to redesign your home.

Research workshops for Cat Royale were held at the Univeraity of Nottingham's unique Cobotmaker Space where stakeholders were bought together to think about the design of the robot /welfare of cats. Eike Schneiders, Transitional Assistant Professor in the Mixed Reality Lab at the University of Nottingham worked on the design, he said: "As we learned through Cat Royale, creating a multispecies system -- where cats, robots, and humans are all accounted for -- takes more than just designing the robot. We had to ensure animal wellbeing at all times, while simultaneously ensuring that the interactive installation engaged the (human) audiences around the world. This involved consideration of many elements, including the design of the enclosure, the robot and its underlying systems, the various roles of the humans-in-the-loop, and, of course, the selection of the cats."
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New gel breaks down alcohol in the body | ScienceDaily
Most alcohol enters the bloodstream via the mucous membrane layer of the stomach and the intestines. These days, the consequences of this are undisputed: even small amounts of alcohol impair people's ability to concentrate and to react, increasing the risk of accidents. Drinking large quantities on a regular basis is detrimental to one's health: common consequences include liver disease, inflammation of the gastrointestinal tract and cancer. According to the World Health Organization, around 3 million people die every year from excessive alcohol consumption.


						
Researchers at ETH Zurich have now developed a protein gel that breaks down alcohol in the gastrointestinal tract. In a study recently published in the journal Nature Nanotechnology, they show that in mice, the gel converts alcohol quickly, efficiently and directly into harmless acetic acid before it enters the bloodstream, where it would normally develop its intoxicating and harmful effects.

Reducing health damage caused by alcohol

"The gel shifts the breakdown of alcohol from the liver to the digestive tract. In contrast to when alcohol is metabolised in the liver, no harmful acetaldehyde is produced as an intermediate product," explains Professor Raffaele Mezzenga from the Laboratory of Food & Soft Materials at ETH Zurich. Acetaldehyde is toxic and is responsible for many health problems caused by excessive alcohol consumption.

In the future, the gel could be taken orally before or during alcohol consumption to prevent blood alcohol levels from rising and acetaldehyde from damaging the body. In contrast to many products available on the market, the gel combats not only the symptoms of harmful alcohol consumption but also its causes. Yet, the gel is only effective as long as there is still alcohol in the gastrointestinal tract. This means it can do very little to help with alcohol poisoning, once the alcohol has crossed into the bloodstream. Nor does it help to reduce alcohol consumption in general. "It's healthier not to drink alcohol at all. However, the gel could be of particular interest to people who don't want to give up alcohol completely, but don't want to put a strain on their bodies and aren't actively seeking the effects of alcohol," Mezzenga says.

Main ingredients: Whey, iron and gold

The researchers used ordinary whey proteins to produce the gel. They boiled them for several hours to form long, thin fibrils. Adding salt and water as a solvent then causes the fibrils to cross-link and form a gel. The advantage of a gel over other delivery systems is that it is digested very slowly. But to break down the alcohol, the gel needs several catalysts.




The researchers used individual iron atoms as the main catalyst, which they distributed evenly over the surface of the long protein fibrils. "We immersed the fibrils in an iron bath, so to speak, so that they can react effectively with the alcohol and convert it into acetic acid," says ETH researcher Jiaqi Su, the first author of the study. Tiny amounts of hydrogen peroxide are needed to trigger this reaction in the intestine. These are generated by an upstream reaction between glucose and gold nanoparticles. Gold was chosen as a catalyst for hydrogen peroxide because the precious metal is not digested and therefore stays effective for longer in the digestive tract. The researchers packed all these substances -- iron, glucose and gold -- into the gel. This resulted in a multi-stage cascade of enzymatic reactions that ultimately converts alcohol into acetic acid.

Gel works in mice

The researchers tested the effectiveness of the new gel on mice that were given alcohol just once as well as on mice that were given alcohol regularly for ten days. Thirty minutes after the single dose of alcohol, the prophylactic application of the gel reduced the alcohol level in the mice by 40 percent. Five hours after alcohol intake, their blood alcohol level had dropped by as much as 56 percent compared to the control group. Harmful acetaldehyde accumulated less in these mice, and they exhibited greatly reduced stress reactions in their livers, which was reflected in better blood values.

In the mice that were given alcohol for ten days, the researchers were able to demonstrate not only a lower alcohol level but also a lasting therapeutic effect of the gel: the mice that were given the gel daily in addition to alcohol showed significantly less weight loss, less liver damage and hence better fat metabolism in the liver as well as better blood values. Other organs in the mice, such as the spleen or the intestine, as well as their tissues also showed much less damage caused by alcohol.

Patent pending

In an earlier study of administering iron through whey protein fibrils, the researchers had discovered that iron reacts with alcohol to form acetic acid. As this process was too slow and too ineffective at the time, they changed the form in which they attached the iron to the protein fibrils. "Instead of using larger nanoparticles, we opted for individual iron atoms, which can be distributed more evenly on the surface of the fibrils and therefore react more effectively and quickly with the alcohol," Mezzenga says.

The researchers have already applied for a patent for the gel. While several clinical tests are still required before it can be authorised for human use, the researchers are confident that this step will also be successful, as they already showed that the whey protein fibrils that make up the gel are edible.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240513150509.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New viruses that could cause epidemics on the horizon | ScienceDaily
Suddenly they appear and -- like the SARS-CoV-2 coronavirus -- can trigger major epidemics: Viruses that nobody had on their radar. They are not really new, but they have changed genetically. In particular, the exchange of genetic material between different virus species can lead to the sudden emergence of threatening pathogens with significantly altered characteristics. This is suggested by current genetic analyses carried out by an international team of researchers. Virologists from the German Cancer Research Center (DKFZ) were in charge of the large-scale study.


						
"Using a new computer-assisted analysis method, we discovered 40 previously unknown nidoviruses in various vertebrates from fish to rodents, including 13 coronaviruses," reports DKFZ group leader Stefan Seitz. With the help of high-performance computers, the research team, which also includes Chris Lauber's working group from the Helmholtz Center for Infection Research in Hanover, has sifted through almost 300,000 data sets. According to virologist Seitz, the fact that we can now analyze such huge amounts of data in one go opens up completely new perspectives.

Virus research is still in its relative infancy. Only a fraction of all viruses occurring in nature are known, especially those that cause diseases in humans, domestic animals and crops. The new method therefore promises a quantum leap in knowledge with regard to the natural virus reservoir. Stefan Seitz and his colleagues sent genetic data from vertebrates stored in scientific databases through their high-performance computers with new questions. They searched for virus-infected animals in order to obtain and study viral genetic material on a large scale. The main focus was on so-called nidoviruses, which include the coronavirus family.

Nidoviruses, whose genetic material consists of RNA (ribonucleic acid), are widespread in vertebrates. This species-rich group of viruses has some common characteristics that distinguish them from all other RNA viruses and document their relationship. Otherwise, however, nidoviruses are very different from each other, i.e. in terms of the size of their genome.

One discovery is particularly interesting with regard to the emergence of new viruses: In host animals that are simultaneously infected with different viruses, a recombination of viral genes can occur during virus replication. "Apparently, the nidoviruses we discovered in fish frequently exchange genetic material between different virus species, even across family boundaries," says Stefan Seitz. And when distant relatives "crossbreed," this can lead to the emergence of viruses with completely new properties. According to Seitz, such evolutionary leaps can affect the aggressiveness and dangerousness of the viruses, but also their attachment to certain host animals.

"A genetic exchange, as we have found in fish viruses, will probably also occur in mammalian viruses," explains Stefan Seitz. Bats, which -- like shrews -- are often infected with a large number of different viruses, are considered a true melting pot. The SARS-CoV-2 coronavirus probably also developed in bats and jumped from there to humans.

After gene exchange between nidoviruses, the spike protein with which the viruses dock onto their host cells often changes. Chris Lauber, first author of the study, was able to show this by means of family tree analyses. Modifying this anchor molecule can significantly change the properties of the viruses to their advantage -- by increasing their infectiousness or enabling them to switch hosts. A change of host, especially from animals to humans, can greatly facilitate the spread of the virus, as the corona pandemic has emphatically demonstrated. Viral "game changers" can suddenly appear at any time, becoming a massive threat and -- if push comes to shove -- triggering a pandemic. The starting point can be a single double-infected host animal.

The new high-performance computer process could help to prevent the spread of new viruses. It enables a systematic search for virus variants that are potentially dangerous for humans, explains Stefan Seitz. And the DKFZ researcher sees another important possible application with regard to his special field of research, virus-associated carcinogenesis: "I could imagine that we could use the new High Performance Computing (HPC) to systematically examine cancer patients or immunocompromised people for viruses. We know that cancer can be triggered by viruses, the best-known example being human papillomaviruses. But we are probably only seeing the tip of the iceberg so far. The HPC method offers the opportunity to track down viruses that, previously undetected, nestle in the human organism and increase the risk of malignant tumors."

Chris Lauber, Xiaoyu Zhang, Josef Vaas, Franziska Klingler, Pascal Mutz, Arseny Dubin, Thomas Pietschmann, Olivia Roth, Benjamin W. Neuman, Alexander E. Gorbalenya, Ralf Bartenschlager, Stefan Seitz: Deep mining of the Sequence Read Archive reveals major genetic innovations in coronaviruses and other nidoviruses of aquatic vertebrates.
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New drug makes exercise, everyday tasks easier for people with common heart condition | ScienceDaily
People with a common heart condition were able to use significantly more oxygen while exercising after taking an investigational drug in an international clinical trial, according to a study published today in the New England Journal of Medicine. The finding wasalso presented today at the European Society of Cardiology's Heart Failure 2024 meeting in Lisbon, Portugal.


						
Oregon Health & Science University is part of the randomized, double-blind Phase 3 trial that is evaluating the experimental drug aficamten, which was developed by Cytokinetics to treat the obstructive form of hypertrophic cardiomyopathy, or HCM. Of the 282 adults participating in the trial, 19 enrolled through OHSU -- the most of any trial center.

"By having more oxygen available during exercise, patients with obstructive hypertrophic cardiomyopathy can more easily walk, perform household chores, and do other everyday tasks," said cardiologist Ahmad Masri, M.D., M.S., who co-wrote today's paper and directs the OHSU Knight Cardiovascular Institute's Hypertrophic Cardiomyopathy Center. "Our latest clinical trial results suggest aficamten is a promising treatment for HCM."

HCM affects about 1 in 500 people and is one of the most common causes of sudden death for youth and otherwise healthy athletes. Often caused by inherited gene mutations, it thickens heart muscles and makes it difficult for the heart to work as it should. It causes shortness of breath and reduces people's ability to exercise. The obstructive form of HCM reduces blood flow out of the heart.

About half of the trial's participants were given the experimental drug, and the other half took a placebo and served as the study's control group. Scientists measured the participants' oxygen levels while they used treadmills or bicycles. Those who took aficamten had a significant increase in their maximum oxygen use -- 1.7 milliliters per kilogram per minute more than those in the control group.

Having an increased peak oxygen uptake can improve a patient's ability to be physically active, whereas reduced oxygen uptake can increase the risk of experiencing heart failure, needing a heart transplant, and dying.

Non-drug treatment options for obstructive HCM include surgery to remove excess heart muscle. In 2022, the Food and Drug Administration also approved mavacamten as the first drug designed to target the underlying cause of obstructive HCM. However, mavacamten may increase the risk of heart failure and it interacts with several commonly used medications. As a result, patients who use mavacamten must also undergo intense monitoring.

During the past decade, OHSU has been involved in many research studies exploring new HCM treatment options. It has been a center for several mavacamten studies and is participating in gene therapy research. The university is also currently involved in four other aficamten trials that are evaluating it as a potential treatment for various forms of HCM and in different types of patients, including children.

"This is an exciting time for treating HCM," Masri said. "While we continue to offer traditional surgical and procedural therapies for HCM, we are now also able to offer patients other treatment options: therapies that were recently approved by the FDA and investigational therapies that are available by participating in clinical trials."
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New molecule mimics the anti-clotting action of blood-sucking organisms | ScienceDaily
Nature gave ticks, mosquitoes and leaches a quick-acting way to keep blood from clotting while they extract their meal from a host.


						
Now the key to that method has been harnessed by a team of Duke researchers as a potential anti-clotting agent that could be used as an alternative to heparin during angioplasty, dialysis care, surgeries and other procedures.

Publishing in the journal Nature Communications, the researchers describe a synthetic molecule that mimics the effects of compounds in the saliva of blood-sucking critters. Importantly, the new molecule can also be swiftly reversed, enabling clotting to resume when needed after treatment.

"Biology and evolution figured out anti-coagulation multiple times with a highly potent strategy," said senior author Bruce Sullenger, Ph.D., professor in the departments of Surgery, Cell Biology, Neurosurgery and Pharmacology & Cancer Biology at Duke University School of Medicine. "It's the perfect model."

Sullenger and colleagues at Duke and the University of Pennsylvania -- including lead author Haixiang Yu, Ph.D., a member of Sullenger's lab -- started from the observation that all blood-sucking organisms evolved a similar system to inhibit blood clotting. The anti-clotting agent in their saliva uses a two-pronged process, binding to the surface of certain clotting proteins in the host's blood, and entering into the protein's core to temporarily inactivate clotting during a blood meal.

Blood-sucking organisms target different proteins among the sequence of more than two dozen molecules involved in clotting, but the research team concentrated on engineering molecules to home in on thrombin and factor Xa in human blood, achieving the dual-action anti-clotting function against these proteins.

The next challenge was devising a way to reverse the process -- essential for clinical applications to ensure that people don't hemorrhage. With the activation mechanism fully elucidated, the researchers were able to reverse engineer an antidote that quickly restores clotting.




"We believe this approach could be safer for patients and generate less inflammation, as well," Yu said.

Another plus is that it is a synthetic molecule, unlike the current clinical standard for the past 100 years, heparin. Heparin is isolated from pig intestines, requiring a massive farming infrastructure that generates pollution and greenhouse gases.

"This is part of a new passion of mine -- improving agents that control blood clotting to help patients, while also being responsible from a climate perspective," Sullenger said. "The medical field is starting to recognize that there's a big problem here, and we need to find alternatives to using animals for making medicines."

In addition to Sullenger and Yu, study authors include Shekhar Kumar, James W. Frederiksen, Vladimir N. Kolyadko, George Pitoc, Juliana Layzer, Amy Yan, Rachel Rempel, Samuel Francis, and Sriram Krishnaswamy.

The study received funding support from the National Institutes of Health (P01-HL139420, 23POST1018721). Duke has submitted a patent application on the thrombin and factor Xa EXACT inhibitors; Sullenger and Yu are listed as inventors.
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Research on centromere structure yields new insights into the mechanisms of chromosome segregation errors | ScienceDaily
Researchers from the Kops group in collaboration with researchers from the University of Edinburgh, made a surprising new discovery in the structure of the centromere, a structure that is involved in ensuring that chromosomes are segregated properly when a cell divides. Mistakes in chromosome segregation can lead to cell death and cancer development. The researchers discovered that the centromere consists of two subdomains. This fundamental finding has important implications for the process of chromosome segregation and provides new mechanisms underlying erroneous divisions in cancer cells. The research was published in Cell on May 13th 2024.


						
Our bodies consist of trillions of cells, most of which have a limited life span and therefore need to reproduce to replace the old ones. This reproduction process is referred to as cell division or mitosis. During mitosis, the parent cell will duplicate its chromosomes in order to pass down the genetic material to the daughter cells. The resulting identical pairs of chromosomes, the sister chromatids, are held together by a structure called the centromere. The sister chromatids then need to be evenly split over the two daughter cells to ensure that each daughter cell is an exact copy of the parent cell. If errors happen during the segregation, one daughter cell will have too many chromosomes, while the other has too few. This can lead to cell death or cancer development.

The role of the centromere

The centromere is a part of the chromosome that plays a vital role in chromosome segregation during mitosis. The process of dividing the sister chromatids over the cells is guided by the interaction between the centromeres and structures known as spindle microtubules. These spindle microtubules are responsible for pulling the chromatids apart and thus separating the two sister chromatids. Carlos Sacristan Lopez, the first author of this study, explains: 'If the attachment of the centromere to the spindle microtubules does not occur properly it leads to chromosome segregation mistakes which are frequently observed in cancer.' Understanding the structure of the centromere can contribute to more insights into the function of the centromere and its role in erroneous chromosomal segregation.

A surprising discovery

To investigate the centromere structure, the researchers used a combination of imaging and sequencing techniques. The super-resolution microscopy imaging took place at the Hubrecht Institute, while the group of Bill Earnshaw performed the sequencing. This collaboration led to a surprising new discovery in the centromere structure. Previously believed to consist of a compact structure attaching to multiple spindle microtubules, it was instead revealed that the centromere consists of two subdomains. Carlos explains: 'This discovery was very surprising, as subdomains bind microtubules independently of each other. Yet, to form correct attachments, they must remain closely connected. In cancer cells, however, we often observe that subdomains uncouple, resulting in erroneous attachments and chromosome segregation errors.'

This very exciting and fundamental discovery contributes to our understanding of the origin of chromosome segregation errors which are frequently seen in cancer.
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Potential power and pitfalls of harnessing artificial intelligence for sleep medicine | ScienceDaily
In a new research commentary, the Artificial Intelligence in Sleep Medicine Committee of the American Academy of Sleep Medicine highlights how artificial intelligence stands on the threshold of making monumental contributions to the field of sleep medicine. Through a strategic analysis, the committee examined advancements in AI within sleep medicine and spotlighted its potential in revolutionizing care in three critical areas: clinical applications, lifestyle management, and population health. The committee also reviewed barriers and challenges associated with using AI-enabled technologies.


						
"AI is disrupting all areas of medicine, and the future of sleep medicine is poised at a transformational crossroad," said lead author Dr. Anuja Bandyopadhyay, chair of the Artificial Intelligence in Sleep Medicine Committee. "This commentary outlines the powerful potential and challenges for sleep medicine physicians to be aware of as they begin leveraging AI to deliver precise, personalized patient care and enhance preventive health strategies on a larger scale while ensuring its ethical deployment."

According to the authors, AI has potential uses in the sleep field in three key areas:
    	Clinical Applications:In the clinical realm, AI-driven technologies offer comprehensive data analysis, nuanced pattern recognition and automation in diagnosis, all while addressing chronic problems like sleep-related breathing disorders. Despite understated beginnings, the utilization of AI can offer improvements in efficiency and patient access, which can contribute to a reduction in burnout among health care professionals.
    	Lifestyle Management:Incorporating AI also offers clear benefits for lifestyle management through the use of consumer sleep technology. These devices come in various forms like fitness wristbands, smartphone apps, and smart rings, and they contribute to better sleep health through tracking, assessment and enhancement. Wearable sleep technology and data-driven lifestyle recommendations can empower patients to take an active role in managing their health, as shown in a recent AASM survey, which reported that 68% of adults who have used a sleep tracker said they have changed their behavior based on what they have learned. But, as these AI-driven applications grow ever more intuitive, the importance of ongoing dialogue between patients and clinicians about the potential and limitations of these innovations remains vital.
    	Population Health: Beyond individual care, AI technology reveals a new approach to public health regarding sleep. "AI has the exciting potential to synthesize environmental, behavioral and physiological data, contributing to informed population-level interventions and bridging existing health care gaps," noted Bandyopadhyay.

The paper also offers warnings about the integration of AI into sleep medicine. Issues of data privacy, security, accuracy, and the potential for reinforcing existing biases present new challenges for health care professionals. Additionally, reliance on AI without sufficient clinical judgment could lead to complexities in patient treatment.

"While AI can significantly strengthen the evaluation and management of sleep disorders, it is intended to complement, not replace, the expertise of a sleep medicine professional," Bandyopadhyay stated.

Navigating this emerging landscape requires comprehensive validation and standardization protocols to responsibly and ethically implement AI technologies in health care. It's critical that AI tools are validated against varied datasets to ensure their reliability and accuracy in all patient populations.

"Our commentary provides not just a vision, but a roadmap for leveraging the technology to promote better sleep health outcomes," Bandyopadhyay said. "It lays the foundation for future discussions on the ethical deployment of AI, the importance of clinician education, and the harmonization of this new technology with existing practices to optimize patient care."
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New study shows certain combinations of antiviral proteins are responsible for lupus symptoms and affect treatment outcomes | ScienceDaily
In a new study, researchers from Johns Hopkins Medicine say they have uncovered insights as to why lupus symptoms and severity present differently in individuals with the autoimmune condition, which affects up to 1.5 million Americans. The team says this is a crucial step forward in understanding biological mechanisms behind lupus, and may also lead to shifts in how clinicians treat patients with the condition.


						
The full report, published in Cell Reports Medicine on May 13, concludes that specific combinations and elevated levels of immune system proteins, known as interferons, are associated with certain lupus symptoms such as skin rashes, kidney inflammation and joint pain. Interferons normally help to fight infection or disease, but are overactive in lupus, causing widespread inflammation and damage. The study also shows that other common lupus-related symptoms cannot be explained by increased interferon levels.

"For years, we have accumulated knowledge that interferons play a role in lupus," says corresponding author and rheumatologist Felipe Andrade, M.D., Ph.D., associate professor of medicine at the Johns Hopkins University School of Medicine. He says this research began with questions about why certain lupus treatments were ineffective for some patients. "We have seen instances where the patient surprisingly didn't improve -- we wondered if certain interferon groups were involved."

Some lupus treatments are designed to suppress a specific group of interferons, known as interferon I. In clinical trials for these treatments, the team observed some patients failing to improve, despite genetic tests showing high interferon I levels before treatment, or what experts call a high interferon signature. The team believed that two other interferon groups, interferon II and interferon III, may be to blame for these poor treatment responses.

To investigate, the team looked at how different combinations of interferon I, II or III, and their overactivity, may present in people with lupus. Researchers took 341 samples from 191 participants to determine the activity of the three interferon groups, and used human cell lines engineered to react to the presence of each specific interferon group to analyze the samples. Through this process, researchers determined that the majority of participants fell into four categories: those only with increased interferon I; those with a combination of increased interferons I, II and III; those with a combination of increased interferons II and III; or those with normal interferon levels.

Researchers were able to use these findings to also make several associations between these interferon combinations and lupus symptoms. In those with elevated interferon I, lupus was mainly associated with symptoms affecting the skin, such as rashes or sores. Participants with elevated levels of interferon I, II and III exhibited the most severe presentations of lupus, often with significant damage to organ systems, such as the kidneys.

Not every symptom found in lupus was associated with elevated interferons, though. The formation of blood clots and low platelet counts, which also affect clotting, did not have an association with increased levels of interferon groups I, II or III. Researchers say this indicates that both interferon-dependent and other biological mechanisms are involved in this complex disease. The study also found that genetic testing of genes associated with these interferon groups, or the interferon signature, did not always indicate elevated interferon levels. They plan to investigate this in future studies.

"What we've seen in our study is that these interferon groups are not isolated; they work as a team in lupus and can give patients different presentations of the disease," says rheumatologist Eduardo Gomez-Banuelos, M.D., Ph.D., assistant professor of medicine at the Johns Hopkins University School of Medicine and the study's first and additional corresponding author. Evaluating a patient's elevated interferon combinations allows for a better understanding of how they may react to treatments, and would allow clinicians to group them into clinical subtypes of lupus, Gomez-Banuelos explains.

Additional contributors to this work include Daniel Goldman, Victoria Andrade, Erika Darrah and Michelle Petri, affiliated with the Johns Hopkins University School of Medicine. Darrah is now also affiliated with AstraZeneca.

Funding for this project includes National Institutes of Health grant numbers R21 AI147598, R21 AI169851, R21 AI176766 and R01 AR069572, as well as from the Jerome L. Greene Foundation.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240513123452.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study reveals patients with brain injuries who died after withdrawal of life support may have recovered | ScienceDaily
Severe traumatic brain injury (TBI) is a major cause of hospitalizations and deaths around the world, affecting more than five million people each year. Predicting outcomes following a brain injury can be challenging, yet families are asked to make decisions about continuing or withdrawing life-sustaining treatment within days of injury.


						
In a new study, Mass General Brigham investigators analyzed potential clinical outcomes for TBI patients enrolled in the Transforming Research and Clinical Knowledge in TBI (TRACK-TBI) study for whom life support was withdrawn. The investigators found that some patients for whom life support was withdrawn may have survived and recovered some level of independence a few months after injury. These findings suggest that delaying decisions on withdrawing life support might be beneficial for some patients.

Families are often asked to make decisions to withdraw life support measures, such as mechanical breathing, within 72 hours of a brain injury. Information relayed by physicians suggesting a poor neurologic prognosis is the most common reason families opt for withdrawing life support measures. However, there are currently no medical guidelines or precise algorithms that determine which patients with severe TBI are likely to recover.

Using data collected over a 7.5-year period on 1,392 TBI patients in intensive care units at 18 United States trauma centers, the researchers created a mathematical model to calculate the likelihood of withdrawal of life-sustaining treatment, based on properties like demographics, socioeconomic factors and injury characteristics. Then, they paired individuals for whom life-sustaining treatment was not withdrawn (WLST-) to individuals with similar model scores, but for whom life-sustaining treatment was withdrawn (WLST+).

Based on follow-up of their WLST- paired counterparts, the estimated six-month outcomes for a substantial proportion of the WLST+ group was either death or recovery of at least some independence in daily activities. Of survivors, more than 40 percent of the WLST- group recovered at least some independence. In addition, the research team found that remaining in a vegetative state was an unlikely outcome by six-months after injury. Importantly, none of the patients who died in this study were pronounced brain dead, and thus the results are not applicable to brain death.

According to the authors, the findings suggest there is a cyclical, self-fulfilling prophecy taking place: Clinicians assume patients will do poorly based on outcomes data. This assumption results in withdrawal of life support, which in turn increases poor outcomes rates and leads to even more decisions to withdraw life support.

The authors suggest that further studies involving larger sample sizes that allow for more precise matching of WLST+ and WLST- cohorts are needed to understand variable recovery trajectories for patients who sustain traumatic brain injuries.

"Our findings support a more cautious approach to making early decisions on withdrawal of life support," said corresponding author Yelena Bodien, PhD, of the Department of Neurology's Center for Neurotechnology and Neurorecovery at Massachusetts General Hospital and of the Spaulding-Harvard Traumatic Brain Injury Model Systems. "Traumatic brain injury is a chronic condition that requires long term follow-ups to understand patient outcomes. Delaying decisions regarding life support may be warranted to better identify patients whose condition may improve."

Read more in the study, published May 13, in the Journal of Neurotrauma.
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        Wind farms can offset their emissions within two years
        After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.

      

      
        Jet-propelled sea creatures could improve ocean robotics
        Scientists have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.

      

      
        What is the carbon footprint of a house in Japan?
        Researchers conducted a comprehensive analysis on the carbon footprint of constructing a wooden house in Japan. The team found that the estimated carbon footprint of a house in Japan is 38 tons of CO2, with the largest share coming from the electric power sector at 32% of all emissions. Other sectors included were pig iron production at 12% of total emissions; cement, road freight transport, and private power generation each covering 7%.

      

      
        Carbon-capture batteries developed to store renewable energy, help climate
        Researchers are developing battery technologies to fight climate change in two ways, by expanding the use of renewable energy and capturing airborne carbon dioxide. Researchers recently created and tested two different formulations for batteries that store renewable energy; when the energy is later used, an electrochemical reaction converts industrial carbon dioxide emissions into a solid form that has the potential to be used in other products.

      

      
        Hubble views the dawn of a sun-like star
        Looking like a glittering cosmic geode, a trio of dazzling stars blaze from the hollowed-out cavity of a reflection nebula in a new image from NASA's Hubble Space Telescope. The triple-star system is made up of the variable star HP Tau, HP Tau G2, and HP Tau G3. HP Tau is known as a T Tauri star, a type of young variable star that hasn't begun nuclear fusion yet but is beginning to evolve into a hydrogen-fueled star similar to our Sun.

      

      
        Robotic 'SuperLimbs' could help moonwalkers recover from falls
        SuperLimbs, a system of wearable robotic limbs, can physically support an astronaut and lift them back on their feet after a fall, helping them conserve energy for other essential tasks.

      

      
        What fire ants can teach us about making better, self-healing materials
        Fire ants form rafts to survive flooding, but how do those bonds work? And what can we learn from them? A professor is researching those questions to expand our knowledge of materials science.

      

      
        Making batteries takes a lot of lithium: Some could come from gas well wastewater
        A new analysis suggests that if it could be extracted with complete efficiency, lithium from the wastewater of Marcellus shale gas wells could supply up to 40% of the country's demand.

      

      
        Wavefunction matching for solving quantum many-body problems
        Strongly interacting systems play an important role in quantum physics and quantum chemistry. Stochastic methods such as Monte Carlo simulations are a proven method for investigating such systems. However, these methods reach their limits when so-called sign oscillations occur. This problem has now been solved using the new method of wavefunction matching.

      

      
        Animal brain inspired AI game changer for autonomous robots
        A team of researchers has developed a drone that flies autonomously using neuromorphic image processing and control based on the workings of animal brains. Animal brains use less data and energy compared to current deep neural networks running on GPUs (graphic chips). Neuromorphic processors are therefore very suitable for small drones because they don't need heavy and large hardware and batteries. The results are extraordinary: during flight the drone's deep neural network processes data up to 6...

      

      
        Using AI to improve building energy use and comfort
        Researchers have developed a new method that can lead to significant energy savings in buildings. The team identified 28 major heat loss regions in a multi-unit residential building with the most severe ones being at wall intersections and around windows. A potential energy savings of 25 per cent is expected if 70 per cent of the discovered regions are fixed.

      

      
        Studying bubbles can lead to more efficient biofuel motors
        By studying how bubbles form in a drop of biodiesel, researchers can help future engines get the most energy out of the fuel.

      

      
        Detection of an Earth-sized exoplanet orbiting the ultracool dwarf star SPECULOOS-3
        Astronomers have just discovered a new Earth-sized exoplanet around SPECULOOS-3, an 'ultracool dwarf' star as small as Jupiter, twice as cold as our Sun, and located 55 light-years from Earth. After the famous TRAPPIST-1, SPECULOOS 3 is the second planetary system discovered around this type of star.

      

      
        Much more than a world first image of radioactive cesium atoms
        Thirteen years after the nuclear disaster at the Fukushima Daiichi Nuclear Power Plant (FDNPP), a breakthrough in analysis has permitted a world first: direct imaging of radioactive cesium (Cs) atoms in environmental samples.

      

      
        Green concrete recycling twice the coal ash is built to last
        New modelling reveals that low-carbon concrete can recycle double the amount of coal ash compared to current standards, halve the amount of cement required and perform exceptionally well over time.

      

      
        Robots' and prosthetic hands' sense of touch could be as fast as humans
        Research could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. The technology could also be used to help restore lost functionality to patients after a stroke.

      

      
        Researchers use artificial intelligence to boost image quality of metalens camera
        Researchers have leveraged deep learning techniques to enhance the image quality of a metalens camera. The new approach uses artificial intelligence to turn low-quality images into high-quality ones, which could make these cameras viable for a multitude of imaging tasks including intricate microscopy applications and mobile devices.

      

      
        A simple quantum internet with significant possibilities
        It's one thing to dream up a quantum internet that could send hacker-proof information around the world via photons superimposed in different quantum states. It's quite another to physically show it's possible. That's exactly what physicists have done, using existing Boston-area telecommunication fiber, in a demonstration of the world's longest fiber distance between two quantum memory nodes to date.

      

      
        Bio-based resins could offer recyclable future for 3D printing
        A new type of recyclable resin, made from biosourced materials, has been designed for use in 3D printing applications.

      

      
        Promising new development in solar cell technology
        Researchers who contributed to the development of record-breaking solar cells a few years ago, expanded their invention. The self-assembled monolayers can now be applied not only in inverted but also in regular structure perovskite solar cells.

      

      
        Scientists generate heat over 1,000 degrees Celsius with solar power instead of fossil fuel
        Instead of burning fossil fuels to smelt steel and cook cement, researchers in Switzerland want to use heat from the sun. The proof-of-concept study uses synthetic quartz to trap solar energy at temperatures over 1,000 C (1,832 F), demonstrating the method's potential role in providing clean energy for carbon-intensive industries.

      

      
        The case for sharing carbon storage risk
        Even the most optimistic projections for the rapid build-out of solar, wind, and other low-carbon resources acknowledge that coal, natural gas, and other fossil fuels will dominate the world's energy mix for decades to come. If the vast greenhouse gas emissions from burning these fossil fuels continue to enter the planet's atmosphere, global warming will not be limited to sustainable levels. The capture and geologic sequestration of carbon emissions (CCS) offer a promising solution to the world's...

      

      
        Counterfeit coins can be detected more easily thanks to a novel approach
        Researchers present a novel framework that uses image-mining techniques and machine learning algorithms to identify flaws in counterfeit coins. The researchers' framework uses fuzzy association rules mining to find patterns that are similar but 'fuzzy,' i.e., not clear enough to be exact copies. However, the framework will eventually arrive at a certain range of results where positive matches be confidently identified.to extract frequent patterns from the images. These patterns capture relationsh...

      

      
        Scientists develop an affordable sensor for lead contamination
        A new system could enable simple, low-cost detectors for monitoring water for lead contamination, and potentially other heavy metals as well.

      

      
        Simulating diffusion using 'kinosons' and machine learning
        Researchers have recast diffusion in multicomponent alloys as a sum of individual contributions, called 'kinosons.' Using machine learning to compute the statistical distribution of the individual contributions, they were able to model the alloy and calculate its diffusivity orders of magnitude more efficiently than computing whole trajectories.

      

      
        Petroleum, chlorine mix could yield harmful byproducts
        A new study shows that chlorine mixed with petroleum in water can potentially produce inadvertent byproducts harmful to human health.

      

      
        Virtual reality becomes more engaging when designers use cinematic tools
        Cinematography techniques can significantly increase user engagement with virtual environments and, in particular, the aesthetic appeal of what users see in virtual reality.

      

      
        Metalens expands Its reach from light to sound
        Engineers achieve a wide field-of-hearing acoustic metalens free from aberrations.

      

      
        Transforming waste carbon dioxide into high-value chemicals with a cost reduction of about 30%
        A team of scientists has developed a novel technique to convert carbon dioxide (CO2) from treated flue gas directly into high-value chemicals and fuels. This innovation sidesteps the conventional approach of using high-purity CO2 for electrochemical reduction processes, achieving significant cost savings of about 30%.

      

      
        Eco-friendly and affordable battery for low-income countries
        A battery made from zinc and lignin that can be used over 8000 times. This has been developed with a vision to provide a cheap and sustainable battery solution for countries where access to electricity is limited.

      

      
        Creating a green composite material from Japanese washi paper
        Japanese washi paper is renowned for its aesthetic beauty and its wide-array of usages. Now, a group of researchers have made a green composite material from washi which boasts a 60% increase in strength as well as being more biodegradable. They hope that their research will revive interest in this traditional craft.

      

      
        WASP-193b, a giant planet with a density similar to that of cotton candy
        Astronomers have just discovered WASP-193b, an extraordinarily low-density giant planet orbiting a distant Sun-like star.

      

      
        Using artificial intelligence to speed up and improve the most computationally-intensive aspects of plasma physics in fusion
        Researchers are using artificial intelligence to perfect the design of the vessels surrounding the super-hot plasma, optimize heating methods and maintain stable control of the reaction for increasingly long periods. A new article explains how a researcher team used machine learning to avoid magnetic perturbations, or disruptions, which destabilize fusion plasma.

      

      
        Speedy, secure, sustainable -- that's the future of telecom
        A new device that can process information using a small amount of light could enable energy-efficient and secure communications.

      

      
        Artificial intelligence tool to improve heart failure care
        The powerful new AI tool can predict heart failure outcomes in specific patients, helping doctors improve care.

      

      
        New technique improves finishing time for 3D printed machine parts
        Researchers have demonstrated a technique that allows people who manufacture metal machine parts with 3D printing technologies to conduct automated quality control of manufactured parts during the finishing process. The technique allows users to identify potential flaws without having to remove the parts from the manufacturing equipment, making production time more efficient.

      

      
        An easy pill to swallow -- new 3D printing research paves way for personalized medication
        A new technique for 3D printing medication has enabled the printing of multiple drugs in a single tablet, paving the way for personalised pills that can deliver timed doses.

      

      
        Researchers discover the universe's oldest stars in our own galactic backyard
        Astronomers discovered three of the oldest stars in the universe, and they live in our own galactic neighborhood. The stars are in the Milky Way's 'halo' -- the cloud of stars that envelopes the entire main galactic disk -- and they appear to have formed between 12 and 13 billion years ago, when the very first galaxies were taking shape.

      

      
        Just believing that an AI is helping boosts your performance
        Sometimes it seems like an AI is helping, but the benefit is actually a placebo effect -- people performing better simply because they expect to be doing so -- according to new research. The study also shows how difficult it is to shake people's trust in the capabilities of AI systems.

      

      
        Cats purrfectly demonstrate what it takes to trust robots
        Would you trust a robot to look after your cat? New research suggests it takes more than a carefully designed robot to care for your cat, the environment in which they operate is also vital, as well as human interaction.

      

      
        Exceptionally large transverse thermoelectric effect produced by combining thermoelectric and magnetic materials
        A research team has demonstrated that a simple stack of thermoelectric and magnetic material layers can exhibit a substantially larger transverse thermoelectric effect -- energy conversion between electric and heat currents that flow orthogonally to each other within it -- than existing magnetic materials capable of exhibiting the anomalous Nernst effect. This mechanism may be used to develop new types of thermoelectric devices useful in energy harvesting and heat flux sensing.

      

      
        New work extends the thermodynamic theory of computation
        Physicists and computer scientists have recently expanded the modern theory of the thermodynamics of computation. By combining approaches from statistical physics and computer science, the researchers introduce mathematical equations that reveal the minimum and maximum predicted energy cost of computational processes that depend on randomness, which is a powerful tool in modern computers.

      

      
        Potential power and pitfalls of harnessing artificial intelligence for sleep medicine
        A new article highlights how artificial intelligence stands on the threshold of making monumental contributions to the field of sleep medicine. Through a strategic analysis, researchers examined advancements in AI within sleep medicine and spotlighted its potential in revolutionizing care in three critical areas: clinical applications, lifestyle management, and population health. The committee also reviewed barriers and challenges associated with using AI-enabled technologies.

      

      
        When consumers would prefer a chatbot over a person
        Actually, sometimes consumers don't want to talk to a real person when they're shopping online, a new study suggests. In fact, what they really want is a chatbot that makes it clear that it is not human at all. In a new study, researchers found that people preferred interacting with chatbots when they felt embarrassed about what they were buying online -- items like antidiarrheal medicine or, for some people, skin care products.

      

      
        Hide and seek between atoms: Find the dopant
        Collaborative efforts decode the mechanism behind stabilizing cathode doping in electric vehicle batteries.

      

      
        Eye care: Taking electroretinography to the next level with a soft multi-electrode system
        Electroretinography (ERG), which involves measuring electric potential in the retina, is a powerful tool for diagnosing and studying ocular diseases. However, multi-electrode systems for ERG are usually built on top of hard, uncomfortable contact lenses. To address this issue, researchers have developed an innovative multi-electrode ERG system built on top of commercial soft contact lenses. Demonstrating excellent performance and biocompatibility, the proposed system will help push the envelope o...

      

      
        The price tag of phasing-out coal
        Coal phase-out is necessary to solve climate change, but can have negative impacts on workers and local communities dependent on coal for their livelihoods. Researchers have studied government plans for coal phase-out around the world and discovered that more than half of such plans include monetary compensation to affected parties. This planned compensation globally amounts to USD 200 billion, but it excludes China and India, the two largest users of coal that currently do not have phase-out pla...

      

      
        Research explores ways to mitigate the environmental toxicity of ubiquitous silver nanoparticles
        Researchers have taken a key step toward closing the silver nanoparticles knowledge gap with a study that indicates the particles' shape and surface chemistry play key roles in how they affect aquatic ecosystems.

      

      
        US Navy Growler jet noise over Whidbey Island could impact 74,000 people's health
        As often as four days a week, Boeing EA-18G Growler electronic attack aircraft based at Naval Air Station Whidbey Island fly loops overhead as pilots practice touch-and-go landings. The noise is immense. New research shows that the noise isn't just disruptive -- it presents a substantial risk to public health.

      

      
        AI systems are already skilled at deceiving and manipulating humans
        Many artificial intelligence (AI) systems have already learned how to deceive humans, even systems that have been trained to be helpful and honest. Researchers describe the risks of deception by AI systems and call for governments to develop strong regulations to address this issue as soon as possible.
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Wind farms can offset their emissions within two years | ScienceDaily
After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.


						
That's according to a new peer-reviewed study published in the Journal of the Royal Society of New Zealand -- which also shows within six months a turbine can generate all the energy consumed across its life-cycle.

The research uses data from the Harapaki onshore wind farm in Hawke's Bay, New Zealand -- however the authors of the paper explain that their findings would be replicated across most, if not all, wind farms internationally.

"The wind turbine technology employed in New Zealand is consistent with that used internationally," explains lead author Isabella Pimentel Pincelli from the Sustainable Energy Systems research group, Wellington Faculty of Engineering, at Te Herenga Waka Victoria University of Wellington.

"Although the carbon offset depends on the exact older technology the wind turbines are replacing, we would expect a similar offset internationally. In New Zealand it is gas turbines, but many countries will be displacing fossil fuel generators.

"The outcomes of our study underscore the environmental efficiency of onshore wind farms and their important role in the energy transition. Notably, the manufacturing of wind turbines is the primary contributor to the carbon and energy footprints, highlighting a critical area for targeted environmental mitigation strategies."

The study reviewed current literature on wind farms, as well as using real construction data to take into account everything from the manufacturing of individual turbine parts, to transporting them into place, to decommissioning the entire wind farm at Harapaki -- which comprises 41 turbines.




The results indicate that this particular farm will leave a carbon footprint of 10.8 gCO2eq/kWh, which equates to a greenhouse gas payback time of 1.5-1.7 years for avoided combined cycle gas turbines, and an energy payback time of 0.4-0.5 years.

Co-author Professor Alan Brent, Chair in Sustainable Energy Systems at Wellington, explains while the results underscore how onshore wind plants are aligned with the principles of sustainable development, more can still be explored with making the manufacturing process more eco-friendly.

"The environmental impacts of the installation and transportation phases are important. Together they accounted for nearly 10% of the overall emissions," states Brent, a Professor of Sustainable Energy Systems.

"It therefore remains crucial to continue implementing improvements aimed at limiting negative environmental impacts while maximizing positive contributions throughout the supply chain of onshore wind plants.

"Notably, the manufacturing of wind turbines is the primary contributor to the carbon and energy footprints, highlighting a critical area for targeted environmental mitigation strategies."

To address the carbon outlay of the process of developing such wind farms, the expert team recommend developing a recycling process for end-of-life blades.

Currently blades are disposed of in landfill due to commercial feasibility, but by recycling the blades -- either mechanically or chemically -- could drop the emissions from the current 10.8 gCO2eq to a potential 9.7.

Additionally, the team recommend that research is carried out regularly in this area as with the "rapid advancements of technologies" it will be "necessary to ensure research remains reflective of current practices to accurately inform decision-making processes."

This study has some methodological limitations. First, it focuses only on the energy intensity and emissions throughout the life cycle of the wind farm, even though there are other environmental impacts, such as ozone depletion, human toxicity, acidification, eutrophication, and resource depletion. Social, wildlife, or economic impacts were also not considered.
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Jet-propelled sea creatures could improve ocean robotics | ScienceDaily
Scientists at the University of Oregon have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.


						
The research involves salps, small creatures that look similar to jellyfish that take a nightly journey from the depths of the ocean to the surface. Observing that migration with special cameras helped UO researchers and their colleagues capture the macroplankton's graceful, coordinated swimming behavior.

"The largest migration on the planet happens every single night: the vertical migration of planktonic organisms from the deep sea to the surface," said Kelly Sutherland, an associate professor in biology at the UO's Oregon Institute of Marine Biology, who led the research. "They're running a marathon every day using novel fluid mechanics. These organisms can be platforms for inspiration on how to build robots that efficiently traverse the deep sea."

The researchers' findings were published May 15 in the journal Science Advances. The study included collaborations from Louisiana Universities Marine Consortium, University of South Florida, Roger Williams University, Marine Biological Laboratory and Providence College.

Despite looking similar to jellyfish, salps are barrel-shaped, watery macroplankton that are more closely related to vertebrates like fish and humans, said Alejandro Damian-Serrano, an adjunct professor in biology at the UO. They live far from shore and can live either as solitary individuals or operate in colonies, he said. Colonies consist of hundreds of individuals linked in chains that can be up to several meters long.

"Salps are really weird animals," Damian-Serrano said. "While their common ancestor with us probably looked like a little boneless fish, their lineage lost a lot of those features and magnified others. The solitary individuals behave like this mothership that asexually breeds a chain of individual clones, cojoined together to produce a colony."

But the most unique thing about these ocean creatures was found during the researchers' ocean expeditions: their swimming techniques.




Exploring off the coast of Kailua-Kona, Hawaii, Sutherland and her team developed specialized 3D camera systems to bring their lab underwater. They conducted daytime scuba dives, "immersed in infinite blue," as Damian-Serrano described, for high visibility investigations.

They also performed nighttime dives, when the black backdrop allowed for high-contrast imaging of the transparent critters. They encountered an immense flurry of different salps that were doing their nightly migration to the surface -- and many photobombing sharks, squids and crustaceans, Sutherland noted.

Through imaging and recordings, the researchers noticed two modes of swimming. Where shorter colonies spun around an axis, like a spiraling football, longer chains would buckle and coil like a corkscrew. That's called helical swimming.

Helical swimming is nothing new in biology, Sutherland said. Many microorganisms also spin and corkscrew through water, but the mechanisms behind the salps' motion are different. Microbes beat water with hair-like projections or tail whips, but salps swim via jet propulsion, Sutherland said. They have contracting muscle bands, like those in the human throat, that pump water sucked from one side of the body and squirted out the other end to create thrust, Damian-Serrano said.

The researchers also noticed that individual jets contracted at different times, causing the whole colony to steadily travel without pause. The jets were also angled, contributing to the spinning and coil swimming, Sutherland said.

"My initial reaction was really one of wonder and awe," she said. "I would describe their motion as snake-like and graceful. They have multiple units pulsing at different times, creating a whole chain that moves very smoothly. It's a really beautiful way of moving."

Microrobots inspired by microbial swimmers already exist, Sutherland said, but this discovery paves the way for engineers to construct larger underwater vehicles. It may be possible to create robots that are silent and less turbulent when modeled after these efficient swimmers, Damian-Serrano said. A multijet design also may be energetically advantageous for saving fuel, he said.

Beyond microbes, larger organisms like plankton have yet to be described in this way, Sutherland said. With Sutherland's new and innovative methods of studying sea creatures, scientists might come to realize that helical swimming is more pervasive than previously thought.

"It's a study that opens up more questions than provides answers," Sutherland said. "There's this new way of swimming that hadn't been described before, and when we started the study we sought to explain how it works. But we found that there are a lot more open questions, like what are the advantages of swimming this way? How many different organisms spin or corkscrew?"
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What is the carbon footprint of a house in Japan? | ScienceDaily
Researchers at Kyushu University have published a comprehensive analysis on the carbon footprint of constructing a wooden house in Japan. The study covered the total amount of emissions produced, taking into consideration the entire supply chain including the processing and transport of the raw materials that go into building a house.


						
The team hopes that by identifying emission hot spots in the supply chain that go into building a house, policy makers can implement strategies to reduce its climate impact. Their analysis was published in the Journal of Environmental Management.

As humanity maneuvers itself through the climate crisis, researchers and industry professionals alike have been working to identify sectors with high CO2 emissions so they can implement policies that potentially reduce greenhouse gas production. But in today's highly interconnected economy, figuring out a sector or object's greenhouse gas output is astoundingly complex.

"For example, it's easy to calculate how much CO2 a single automobile will potentially produce. It's another thing entirely to try and find the totality of emissions a car produces from assembly line to scrap yard. You need to consider the emission that come from the supply chain and manufacturing the raw materials," explains Professor Shigemi Kagawa from Kyushu University's Faculty of Economics, whose team has been studying supply chain emissions.

To this end, Kagawa and his team began looking into the combined carbon emissions that come from building a standard wooden house in Japan -- which account for approximately 90% of the country's total housing stock -- and which industrial sectors contribute to it the most.

"If you combine the emissions generated by construction activity and the supply chain manufacturing of its essential products it can account for approximately 23% of all global emissions," explains doctoral candidate Seiya Imada and first author of the study. "94% of that comes from the supply chain alone. Therefore, emission reduction efforts targeting the supply chain is the best way to mitigate any emissions from the construction sector."

According to the team's findings, the estimated carbon footprint of building a single wooden house in Japan is 38 tons of CO2. Making up the largest share of that -- accounting for 32% of total emissions -- was the electric power sector. Other sectors included pig iron production at 12%, with cement, road freight transport, and private power generation each covering 7% of total emissions.

"We also looked into some of the hotspots in the supply chain network. Our analysis found that the steel manufacturing process accounted for the largest share of the carbon footprint, at approximately 15% of total emissions," continues Imada. "The second highest contributing group was the division involved in material transport and the building materials for a house's exterior, like bricks. That group accounted for approximately 7.4% of the total carbon footprint."

The team hopes these new findings can help both industry groups and consumers re-evaluate the carbon footprint of this sector of the construction industry. Some countries have begun to emphasize the importance of constructing 'low-carbon' buildings. And while Japan does encourage methods to reduce a home's total energy use, it still does not have a policy that specifically targets the reduction of CO2 during its building phase.

"Policy makers should promote efforts of renovating and remodeling already existing houses. There should also be a focus on reusing the foundation, which are made with materials from high emission sectors," Concludes Imada. "The supply chain is very complicated, but if we want to avoid the worst results of the climate crisis, we must be able to understand it and implement policies that reduce emissions effectively."
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Carbon-capture batteries developed to store renewable energy, help climate | ScienceDaily
Researchers at the Department of Energy's Oak Ridge National Laboratory are developing battery technologies to fight climate change in two ways, by expanding the use of renewable energy and capturing airborne carbon dioxide.


						
This type of battery stores the renewable energy generated by solar panels or wind turbines. Utilizing this energy when wind and sunlight are unavailable requires an electrochemical reaction that, in ORNL's new battery formulation, captures carbon dioxide from industrial emissions and converts it to value-added products.

ORNL researchers recently created and tested two different formulations for batteries that convert carbon dioxide gas, or CO2, into a solid form that has the potential to be used in other products.

One of these new battery types maintained its capacity for 600 hours of use and could store up to 10 hours of electricity. Researchers also identified, studied and overcame the primary challenge, a deactivation caused by chemical buildup, that had been an obstacle for the other battery formulation.

"The Transformation Energy Science and Technology, or TEST, initiative at ORNL is precisely the kind of effort needed to address climate change. We are excited that ORNL is investing in innovative ideas and approaches that can transform the way we think about storing energy beyond lithium-ion batteries and other conventional electrochemical energy storage systems," said Ilias Belharouak, an ORNL Corporate Fellow and initiative director. "What a fantastic scenario: Using free electrons to store CO2 and converting it to revenue-generating products is a concept I never would have imagined 10 years back, but this is just a start."

Batteries operate through electrochemical reactions that move ions between two electrodes through an electrolyte. Unlike cell phone or car batteries, those designed for grid energy storage do not have to function as a portable, closed system. This allowed ORNL researchers to create and test two types of batteries that could convert CO2 from stationary, industrial sources.

For example, CO2 generated by a power plant could be pumped through a tube into the liquid electrolyte, creating bubbles similar to those in a carbonated soft drink. During battery operation, the gas bubbles turn into a solid powder.




How it works

Each component of a battery can be made of different elements or compounds. These choices determine the battery's operational lifetime, how much energy it can store, how big or heavy it is, and how fast it charges or consumes energy. Of the new ORNL battery formulations, one combines CO2 with sodium from saltwater using an inexpensive iron-nickel catalyst. The second combines the gas with aluminum.

Each approach uses abundant materials and a liquid electrolyte in the form of saltwater, sometimes mixed with other chemicals. The batteries are safer than existing technology because their electrodes are stable in water, said lead researcher Ruhul Amin.

Very little CO2 battery research has been conducted. The previously-tried approach relies on a reversible metal-CO2 reaction that regenerates carbon dioxide, continuing to contribute greenhouse gases to the atmosphere. In addition, solid discharge products tend to clog the surface of the electrode, degrading the battery performance.

However, the CO2 batteries developed at ORNL do not release carbon dioxide. Instead, the carbonate byproduct dissolves in the liquid electrolyte. The byproduct either continuously enriches the liquid to enhance battery performance, or it can be filtered from the bottom of the container without interrupting battery operation. Battery design can even be tuned to create more of these byproducts for use by the pharmaceutical or cement industries. The only gases released are oxygen and hydrogen, which do not contribute to climate change and can even be captured to produce energy or fuel.

ORNL researchers used an almost completely new combination of materials for these CO2 batteries. The few similar previous designs worked for only short periods or incorporated expensive metals.




Pros, cons and challenges overcome

The sodium-carbon dioxide, or Na-CO2, battery was developed first and faced some obstacles. For this system to function, the electrodes must be separated in wet and dry chambers with a solid ion conductor between them. The barrier slows the movement of ions, which in turn slows down battery operation, reducing battery efficiency.

One significant challenge for this Na-CO2 battery is that after prolonged use, a film forms on the electrode surface, which eventually causes the battery to deactivate. Amin's research team used highly specialized microscopes and X-ray techniques to examine the battery cell when it failed and at various stages of operation.

Studying how the film formed helped researchers understand how to break it down again. They were intrigued to realize the battery could be reactivated, or prevented from deactivating at all, simply through operational changes in the charge/discharge cycle. Uneven pulses of charging and discharging prevented film buildup on the electrode.

"We are reporting for the first time that the deactivated cell can be reactivated," Amin said. "And we found the origin of the deactivation and activation. If you symmetrically charge-discharge the battery too long, it's dead at one stage. If you use the protocol we established for our cell, the chance of failure is very slim."

A second design for long-term storage

Next, researchers focused on the design of the aluminum-carbon dioxide, or Al-CO2, battery. The team experimented with various electrolyte solutions and three different synthesis processes to identify the best combination. The result was a battery which provides enough storage for more than 10 hours of electricity to be used later.

"That's huge for long-duration storage," Amin said. "This is the first Al-CO2 battery that could run with stability for a long time, which is the goal. Holding just a few hours of stored energy doesn't help."

Testing found that the ORNL battery could operate more than 600 hours without losing capacity, Amin said -- far more than the only previously reported Al-CO2 battery, which was only tested for eight hours of cycling.

The cherry on top is that this battery captures almost twice as much carbon dioxide as the Na-CO2 battery. It can be designed for the system to operate in a single chamber, with both electrodes in the same liquid solution, so there is no barrier to ion movement.

The challenge for the Al-CO2 battery is to bring it closer to scale-up, Amin said. Even so, the team will continue systematically studying its properties to extend the operating lifetime and capture CO2 more efficiently. For the Na-CO2 battery to be competitive, the team will focus on developing a very fine, dense, mechanically stable ceramic membrane to separate the battery chambers.

Other ORNL scientists who contributed to the project include Marm Dixit, Mengya Li, Sabine Neumayer, Yaocai Bai, Ilias Belharouak, Anuj Bisht, Yang Guang and former ORNL researcher Rachid Essehli. The research was funded through the ORNL Laboratory Directed Research and Development, or LDRD, program. The sodium-CO2 battery research utilized the Center for Nanophase Materials Sciences, a DOE user facility at ORNL.
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Hubble views the dawn of a sun-like star | ScienceDaily
Looking like a glittering cosmic geode, a trio of dazzling stars blaze from the hollowed-out cavity of a reflection nebula in this new image from NASA's Hubble Space Telescope. The triple-star system is made up of the variable star HP Tau, HP Tau G2, and HP Tau G3. HP Tau is known as a T Tauri star, a type of young variable star that hasn't begun nuclear fusion yet but is beginning to evolve into a hydrogen-fueled star similar to our Sun. T Tauri stars tend to be younger than 10 million years old -- in comparison, our Sun is around 4.6 billion years old -- and are often found still swaddled in the clouds of dust and gas from which they formed.


						
As with all variable stars, HP Tau's brightness changes over time. T Tauri stars are known to have both periodic and random fluctuations in brightness. The random variations may be due to the chaotic nature of a developing young star, such as instabilities in the accretion disk of dust and gas around the star, material from that disk falling onto the star and being consumed, and flares on the star's surface. The periodic changes may be due to giant sunspots rotating in and out of view.

Curving around the stars, a cloud of gas and dust shines with their reflected light. Reflection nebulae do not emit visible light of their own, but shine as the light from nearby stars bounces off the gas and dust, like fog illuminated by the glow of a car's headlights.

HP Tau is located approximately 550 light-years away in the constellation Taurus. Hubble studied HP Tau as part of an investigation into protoplanetary disks, the disks of material around stars that coalesce into planets over millions of years.
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Robotic 'SuperLimbs' could help moonwalkers recover from falls | ScienceDaily
Need a moment of levity? Try watching videos of astronauts falling on the moon. NASA's outtakes of Apollo astronauts tripping and stumbling as they bounce in slow motion are delightfully relatable.


						
For MIT engineers, the lunar bloopers also highlight an opportunity to innovate.

"Astronauts are physically very capable, but they can struggle on the moon, where gravity is one-sixth that of Earth's but their inertia is still the same. Furthermore, wearing a spacesuit is a significant burden and can constrict their movements," says Harry Asada, professor of mechanical engineering at MIT. "We want to provide a safe way for astronauts to get back on their feet if they fall."

Asada and his colleagues are designing a pair of wearable robotic limbs that can physically support an astronaut and lift them back on their feet after a fall. The system, which the researchers have dubbed Supernumerary Robotic Limbs or "SuperLimbs" is designed to extend from a backpack, which would also carry the astronaut's life support system, along with the controller and motors to power the limbs.

The researchers have built a physical prototype, as well as a control system to direct the limbs, based on feedback from the astronaut using it. The team tested a preliminary version on healthy subjects who also volunteered to wear a constrictive garment similar to an astronaut's spacesuit. When the volunteers attempted to get up from a sitting or lying position, they did so with less effort when assisted by SuperLimbs, compared to when they had to recover on their own.

The MIT team envisions that SuperLimbs can physically assist astronauts after a fall and, in the process, help them conserve their energy for other essential tasks. The design could prove especially useful in the coming years, with the launch of NASA's Artemis mission, which plans to send astronauts back to the moon for the first time in over 50 years. Unlike the largely exploratory mission of Apollo, Artemis astronauts will endeavor to build the first permanent moon base -- a physically demanding task that will require multiple extended extravehicular activities (EVAs).

"During the Apollo era, when astronauts would fall, 80 percent of the time it was when they were doing excavation or some sort of job with a tool," says team member and MIT doctoral student Erik Ballesteros. "The Artemis missions will really focus on construction and excavation, so the risk of falling is much higher. We think that SuperLimbs can help them recover so they can be more productive, and extend their EVAs."

Asada, Ballesteros, and their colleagues will present their design and study this week at the IEEE International Conference on Robotics and Automation (ICRA). Their co-authors include MIT postdoc Sang-Yoep Lee and Kalind Carpenter of the Jet Propulsion Laboratory.




Taking a stand

The team's design is the latest application of SuperLimbs, which Asada first developed about a decade ago and has since adapted for a range of applications, including assisting workers in aircraft manufacturing, construction, and ship building.

Most recently, Asada and Ballesteros wondered whether SuperLimbs might assist astronauts, particularly as NASA plans to send astronauts back to the surface of the moon.

"In communications with NASA, we learned that this issue of falling on the moon is a serious risk," Asada says. "We realized that we could make some modifications to our design to help astronauts recover from falls and carry on with their work."

The team first took a step back, to study the ways in which humans naturally recover from a fall. In their new study, they asked several healthy volunteers to attempt to stand upright after lying on their side, front, and back.

The researchers then looked at how the volunteers' attempts to stand changed when their movements were constricted, similar to the way astronauts' movements are limited by the bulk of their spacesuits. The team built a suit to mimic the stiffness of traditional spacesuits, and had volunteers don the suit before again attempting to stand up from various fallen positions. The volunteers' sequence of movements was similar, though required much more effort compared to their unencumbered attempts.




The team mapped the movements of each volunteer as they stood up, and found that they each carried out a common sequence of motions, moving from one pose, or "waypoint," to the next, in a predictable order.

"Those ergonomic experiments helped us to model in a straightforward way, how a human stands up," Ballesteros says. "We could postulate that about 80 percent of humans stand up in a similar way. Then we designed a controller around that trajectory."

Helping hand

The team developed software to generate a trajectory for a robot, following a sequence that would help support a human and lift them back on their feet. They applied the controller to a heavy, fixed robotic arm, which they attached to a large backpack. The researchers then attached the backpack to the bulky suit and helped volunteers back into the suit. They asked the volunteers to again lie on their back, front, or side, and then had them attempt to stand as the robot sensed the person's movements and adapted to help them to their feet.

Overall, the volunteers were able to stand stably with much less effort when assisted by the robot, compared to when they tried to stand alone while wearing the bulky suit.

"It feels kind of like an extra force moving with you," says Ballesteros, who also tried out the suit and arm assist. "Imagine wearing a backpack and someone grabs the top and sort of pulls you up. Over time, it becomes sort of natural."

The experiments confirmed that the control system can successfully direct a robot to help a person stand back up after a fall. The researchers plan to pair the control system with their latest version of SuperLimbs, which comprises two multijointed robotic arms that can extend out from a backpack. The backpack would also contain the robot's battery and motors, along with an astronaut's ventilation system.

"We designed these robotic arms based on an AI search and design optimization, to look for designs of classic robot manipulators with certain engineering constraints," Ballesteros says. "We filtered through many designs and looked for the design that consumes the least amount of energy to lift a person up. This version of SuperLimbs is the product of that process."

Over the summer, Ballesteros will build out the full SuperLimbs system at NASA's Jet Propulsion Laboratory, where he plans to streamline the design and minimize the weight of its parts and motors using advanced, lightweight materials. Then, he hopes to pair the limbs with astronaut suits, and test them in low-gravity simulators, with the goal of someday assisting astronauts on future missions to the moon and Mars.

"Wearing a spacesuit can be a physical burden," Asada notes. "Robotic systems can help ease that burden, and help astronauts be more productive during their missions."

This research was supported, in part, by NASA.
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What fire ants can teach us about making better, self-healing materials | ScienceDaily
Fire ants form rafts to survive flooding, but how do those bonds work? And what can we learn from them? A Binghamton University, State University of New York professor is researching those questions to expand our knowledge of materials science.


						
When flooding hits a region where fire ants live, their survival response is to latch together to form a buoyant "raft" that floats and keeps the colony united. Think of it like a condensed, adaptive material where the building blocks -- individual ants -- are actually alive.

Binghamton University Assistant Professor Rob Wagner led research as part of the Vernerey Soft Matter Mechanics Lab at University of Colorado Boulder in which they investigated the adaptive response of these living rafts. The goals are to understand how they autonomously morph and change their mechanical properties, and then incorporate the simplest and most useful discoveries into artificial materials.

"Living systems have always fascinated me, because they achieve things that our current engineered materials cannot -- not even close," he said. "We manufacture bulk polymeric systems, metals and ceramics, but they're passive. The constituents don't store energy and then convert it to mechanical work the way every single living system does."

Wagner sees this storage and conversion of energy as essential to mimicking the smart and adaptive behaviors of living systems.

In their most recent publication in the Proceedings of the National Academy of Sciences, Wagner and his co-authors at University of Colorado investigated how fire ant rafts responded to mechanical load when stretched, and they compared the response of these rafts to dynamic, self-healing polymers.

"Many polymers are held together by dynamic bonds that break, but can reform," Wagner said. "When pulled slowly enough, these bonds have time to restructure the material so that -- instead of fracturing -- it flows like the slime our kids play with, or soft-serve ice cream. When pulled very fast, though, it breaks more like chalk. Since the rafts are held together by ants clinging onto one another, their bonds can break and reform. So, my colleagues and I thought they'd do the same thing."

But Wagner and his collaborators discovered that no matter what speed they pulled the ant rafts, their mechanical response was nearly the same, and they never flowed. Wagner speculates that the ants reflexively tighten and prolong their holds when they feel force because they want to stay together. They either turn down or turn off their dynamic behavior.




This phenomenon of bonds that grow stronger when force is applied to them is called catch bond behavior, and it likely enhances cohesion for the colony, which makes sense for survival.

"As you pull on typical bonds with some amount of force, they're going to let go sooner, and their lifetime goes down -- you're weakening the bond by pulling on it. That is what you see in almost any passive system," Wagner said. "But in living systems, because of their complexity, you can sometimes have catch bonds that hold on for longer durations under some range of applied force. Some proteins do this mechanistically and automatically, but it's not like the proteins are making a decision. They're just arranged in such a way that when a force is applied, it reveals these binding sites that latch or 'catch'."

Wagner believes that mimicking these catch bonds in engineered systems could lead to artificial materials that exhibit autonomous, localized self-strengthening in regions of higher mechanical stress. This could enhance the lifetimes of biomedical implants, adhesives, fiber composites, soft robotics components and many other systems.

Collective insect aggregations like fire ant rafts already are inspiring researchers to develop materials with stimuli-responsive mechanical properties and behaviors. A paper in Nature Materials earlier this year -- led by the Ware Responsive Biomaterials Lab at Texas A&M and including contributions from Wagner and his former thesis advisor, Professor Franck J. Vernerey -- demonstrates how ribbons made of special gels or materials called liquid crystal elastomers can coil due to heating, and then entangle with each other to form condensed, solid-like structures that were inspired by these ants

"A natural progression of this work is to answer how we can get the interactions between these ribbons or other soft building blocks to 'catch' under load like the fire ants and some biomolecular interactions do," Wagner said.
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Making batteries takes a lot of lithium: Some could come from gas well wastewater | ScienceDaily
Most batteries used in technology like smart watches and electric cars are made with lithium that travels across the world before even getting to manufacturers. But what if nearly half of the lithium used in the U.S. could come from Pennsylvania wastewater?


						
A new analysis using compliance data from the Pennsylvania Department of Environmental Protection suggests that if it could be extracted with complete efficiency, lithium from the wastewater of Marcellus shale gas wells could supply up to 40% of the country's demand.

Already, researchers in the lab can extract lithium from water with more than 90% efficiency according to Justin Mackey, a researcher at the National Energy Technology Laboratory and PhD student in the lab of Daniel Bain, associate professor of geology and environmental sciences in the Kenneth P. Dietrich School of Arts and Sciences.

The US Geological Survey lists lithium as a critical mineral, (although, as Mackey was quick to point out, lithium is an element, not a mineral). The designation means the U.S. government wants all lithium to be produced domestically by 2030, and so the search for sources has intensified. Currently, much of it is extracted from brine ponds in Chile. Then it's shipped to China, where it's processed.

There are lithium mining operations in the U.S., but, Mackey said, "This is different. This is a waste stream and we're looking at a beneficial use of that waste."

Finding lithium in the wastewater in Marcellus shale wasn't a surprise: Researchers had analyzed the water recycled in hydraulic fracking and knew that it picked up minerals and elements from the shale. "But there hadn't been enough measurements to quantify the resource," Mackey said. We just didn't know how much was in there."

Thanks to Pennsylvania regulatory requirements, the research team was able to figure it out. They published their results in the journal Scientific Reports.

Companies are required to submit analyses of wastewater used in each well pad, and lithium is one of the substances they have to report, Mackie said. "And that's how we were able to conduct this regional analysis."




Meeting 30% to 40% of the country's lithium needs would bring the country much closer to the 2030 requirements. But there's lithium-rich wastewater outside of the state's boundaries, too. "Pennsylvania has the most robust data source for Marcellus shale," Mackey said, "But there's lots of activity in West Virginia, too."

The next step toward making use of this lithium is to understand the environmental impact of extracting it and to implement a pilot facility to develop extraction techniques.

"Wastewater from oil and gas is a burgeoning issue," Mackey said. "Right now, it's just minimally treated and reinjected." But it has to potential to provide a lot of value. After all, he said, "It's been dissolving rocks for hundreds of millions of years -- essentially, the water has been mining the subsurface."
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Wavefunction matching for solving quantum many-body problems | ScienceDaily
Strongly interacting systems play an important role in quantum physics and quantum chemistry. Stochastic methods such as Monte Carlo simulations are a proven method for investigating such systems. However, these methods reach their limits when so-called sign oscillations occur. This problem has now been solved by an international team of researchers from Germany, Turkey, the USA, China, South Korea and France using the new method of wavefunction matching. As an example, the masses and radii of all nuclei up to mass number 50 were calculated using this method. The results agree with the measurements, the researchers now report in the journal "Nature."


						
All matter on Earth consists of tiny particles known as atoms. Each atom contains even smaller particles: protons, neutrons and electrons. Each of these particles follows the rules of quantum mechanics. Quantum mechanics forms the basis of quantum many-body theory, which describes systems with many particles, such as atomic nuclei.

One class of methods used by nuclear physicists to study atomic nuclei is the ab initio approach. It describes complex systems by starting from a description of their elementary components and their interactions. In the case of nuclear physics, the elementary components are protons and neutrons. Some key questions that ab initio calculations can help answer are the binding energies and properties of atomic nuclei and the link between nuclear structure and the underlying interactions between protons and neutrons.

However, these ab initio methods have difficulties in performing reliable calculations for systems with complex interactions. One of these methods is quantum Monte Carlo simulations. Here, quantities are calculated using random or stochastic processes. Although quantum Monte Carlo simulations can be efficient and powerful, they have a significant weakness: the sign problem. It arises in processes with positive and negative weights, which cancel each other. This cancellation leads to inaccurate final predictions.

A new approach, known as wavefunction matching, is intended to help solve such calculation problems for ab initio methods. "This problem is solved by the new method of wavefunction matching by mapping the complicated problem in a first approximation to a simple model system that does not have such sign oscillations and then treating the differences in perturbation theory," says Prof. Ulf-G. Meissner from the Helmholtz Institute for Radiation and Nuclear Physics at the University of Bonn and from the Institute of Nuclear Physics and the Center for Advanced Simulation and Analytics at Forschungszentrum Julich. "As an example, the masses and radii of all nuclei up to mass number 50 were calculated -- and the results agree with the measurements," reports Meissner, who is also a member of the Transdisciplinary Research Areas "Modeling" and "Matter" at the University of Bonn.

"In quantum many-body theory, we are often faced with the situation that we can perform calculations using a simple approximate interaction, but realistic high-fidelity interactions cause severe computational problems," says Dean Lee, Professor of Physics from the Facility for Rare Istope Beams and Department of Physics and Astronomy (FRIB) at Michigan State University and head of the Department of Theoretical Nuclear Sciences.

Wavefunction matching solves this problem by removing the short-distance part of the high-fidelity interaction and replacing it with the short-distance part of an easily calculable interaction. This transformation is done in a way that preserves all the important properties of the original realistic interaction. Since the new wavefunctions are similar to those of the easily computable interaction, the researchers can now perform calculations with the easily computable interaction and apply a standard procedure for handling small corrections -- called perturbation theory.

The research team applied this new method to lattice quantum Monte Carlo simulations for light nuclei, medium-mass nuclei, neutron matter and nuclear matter. Using precise ab initio calculations, the results closely matched real-world data on nuclear properties such as size, structure and binding energy. Calculations that were once impossible due to the sign problem can now be performed with wavefunction matching.

While the research team focused exclusively on quantum Monte Carlo simulations, wavefunction matching should be useful for many different ab initio approaches. "This method can be used in both classical computing and quantum computing, for example to better predict the properties of so-called topological materials, which are important for quantum computing," says Meissner.

The first author is Prof. Dr. Serdar Elhatisari, who worked for two years as a Fellow in Prof. Meissner's ERC Advanced Grant EXOTIC. According to Meissner, a large part of the work was carried out during this time. Part of the computing time on supercomputers at Forschungszentrum Julich was provided by the IAS-4 institute, which Meissner heads.
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Animal brain inspired AI game changer for autonomous robots | ScienceDaily
A team of researchers at Delft University of Technology has developed a drone that flies autonomously using neuromorphic image processing and control based on the workings of animal brains. Animal brains use less data and energy compared to current deep neural networks running on GPUs (graphic chips). Neuromorphic processors are therefore very suitable for small drones because they don't need heavy and large hardware and batteries. The results are extraordinary: during flight the drone's deep neural network processes data up to 64 times faster and consumes three times less energy than when running on a GPU. Further developments of this technology may enable the leap for drones to become as small, agile, and smart as flying insects or birds. The findings were recently published in Science Robotics.


						
Learning from animal brains: spiking neural networks

Artificial intelligence holds great potential to provide autonomous robots with the intelligence needed for real-world applications. However, current AI relies on deep neural networks that require substantial computing power. The processors made for running deep neural networks (Graphics Processing Units, GPUs) consume a substantial amount of energy. Especially for small robots like flying drones this is a problem, since they can only carry very limited resources in terms of sensing and computing.

Animal brains process information in a way that is very different from the neural networks running on GPUs. Biological neurons process information asynchronously, and mostly communicate via electrical pulses called spikes. Since sending such spikes costs energy, the brain minimizes spiking, leading to sparse processing.

Inspired by these properties of animal brains, scientists and tech companies are developing new, neuromorphic processors. These new processors allow to run spiking neural networks and promise to be much faster and more energy efficient.

"The calculations performed by spiking neural networks are much simpler than those in standard deep neural networks.," says Jesse Hagenaars, PhD candidate and one of the authors of the article, "Whereas digital spiking neurons only need to add integers, standard neurons have to multiply and add floating point numbers. This makes spiking neural networks quicker and more energy efficient. To understand why, think of how humans also find it much easier to calculate 5 + 8 than to calculate 6.25 x 3.45 + 4.05 x 3.45."

This energy efficiency is further boosted if neuromorphic processors are used in combination with neuromorphic sensors, like neuromorphic cameras. Such cameras do not make images at a fixed time interval. Instead, each pixel only sends a signal when it becomes brighter or darker. The advantages of such cameras are that they can perceive motion much more quickly, are more energy efficient, and function well both in dark and bright environments. Moreover, the signals from neuromorphic cameras can feed directly into spiking neural networks running on neuromorphic processors. Together, they can form a huge enabler for autonomous robots, especially small, agile robots like flying drones.




First neuromorphic vision and control of a flying drone

In an article published in Science Robotics on May 15, 2024, researchers from Delft University of Technology, the Netherlands, demonstrate for the first time a drone that uses neuromorphic vision and control for autonomous flight. Specifically, they developed a spiking neural network that processes the signals from a neuromorphic camera and outputs control commands that determine the drone's pose and thrust. They deployed this network on a neuromorphic processor, Intel's Loihi neuromorphic research chip, on board of a drone. Thanks to the network, the drone can perceive and control its own motion in all directions.

"We faced many challenges," says Federico Paredes-Valles, one of the researchers that worked on the study, "but the hardest one was to imagine how we could train a spiking neural network so that training would be both sufficiently fast and the trained network would function well on the real robot. In the end, we designed a network consisting of two modules. The first module learns to visually perceive motion from the signals of a moving neuromorphic camera. It does so completely by itself, in a self-supervised way, based only on the data from the camera. This is similar to how also animals learn to perceive the world by themselves. The second module learns to map the estimated motion to control commands, in a simulator. This learning relied on an artificial evolution in simulation, in which networks that were better in controlling the drone had a higher chance of producing offspring. Over the generations of the artificial evolution, the spiking neural networks got increasingly good at control, and were finally able to fly in any direction at different speeds. We trained both modules and developed a way with which we could merge them together. We were happy to see that the merged network immediately worked well on the real robot."

With its neuromorphic vision and control, the drone is able to fly at different speeds under varying light conditions, from dark to bright. It can even fly with flickering lights, which make the pixels in the neuromorphic camera send great numbers of signals to the network that are unrelated to motion.

Improved energy efficiency and speed by neuromorphic AI

"Importantly, our measurements confirm the potential of neuromorphic AI. The network runs on average between 274 and 1600 times per second. If we run the same network on a small, embedded GPU, it runs on average only 25 times per second, a difference of a factor ~10-64! Moreover, when running the network, , Intel's Loihi neuromorphic research chip consumes 1.007 watts, of which 1 watt is the idle power that the processor spends just when turning on the chip. Running the network itself only costs 7 milliwatts. In comparison, when running the same network, the embedded GPU consumes 3 watts, of which 1 watt is idle power and 2 watts are spent for running the network. The neuromorphic approach results in AI that runs faster and more efficiently, allowing deployment on much smaller autonomous robots.," says Stein Stroobants, PhD candidate in the field of neuromorphic drones.

Future applications of neuromorphic AI for tiny robots

"Neuromorphic AI will enable all autonomous robots to be more intelligent," says Guido de Croon, Professor in bio-inspired drones, "but it is an absolute enabler for tiny autonomous robots. At Delft University of Technology's Faculty of Aerospace Engineering, we work on tiny autonomous drones which can be used for applications ranging from monitoring crop in greenhouses to keeping track of stock in warehouses. The advantages of tiny drones are that they are very safe and can navigate in narrow environments like in between ranges of tomato plants. Moreover, they can be very cheap, so that they can be deployed in swarms. This is useful for more quickly covering an area, as we have shown in exploration and gas source localization settings."

"The current work is a great step in this direction. However, the realization of these applications will depend on further scaling down the neuromorphic hardware and expanding the capabilities towards more complex tasks such as navigation."
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Using AI to improve building energy use and comfort | ScienceDaily
University of Waterloo researchers have developed a new method that can lead to significant energy savings in buildings. The team identified 28 major heat loss regions in a multi-unit residential building with the most severe ones being at wall intersections and around windows. A potential energy savings of 25 per cent is expected if 70 per cent of the discovered regions are fixed.   


						
Building enclosures rely on heat and moisture control to avoid significant energy loss due to airflow leakage, which makes buildings less comfortable and more costly to maintain. This problem will likely be compounded by climate change due to volatile temperature fluctuations. Since manual inspection is time-consuming and infrequently done due to a lack of trained personnel, energy inefficiency becomes a widespread problem for buildings.  

Researchers at Waterloo, which is a leader in sustainability research and education and a catalyst for environmental innovation, solutions and talent, created an autonomous, real-time platform to make buildings more energy efficient. The platform combines artificial intelligence, infrared technology, and a mathematical model that quantifies heat flow to better identify areas of heat loss in buildings.

Using the new method, the researchers conducted an advanced study on a multi-unit residential building in the extreme climate of Canadian prairies, where elderly residents reported discomfort and higher electricity bills due to increased demand for heating in their units. Using AI tools, the team trained the program to examine thermal images in real time, achieving 81 percent accuracy in detecting regions of heat loss in the building envelope.  

"The almost 10 per cent increase in accuracy with this AI-based model is impactful, as it enhances occupants' comfort as well as reduces energy bills," said Dr. Mohamad Araji, director of Waterloo's Architectural Engineering Program and head of the Symbiosis Lab, an interdisciplinary group at the university that specializes in developing innovative building systems and building more environmentally friendly buildings.  

The new AI tools helped to remove the element of human error in examining the results and increased the speed of getting the data analyzed by a factor of 12 compared to traditional building inspection methods. 

Future expansions to this work will include utilizing drones equipped with cameras to inspect high-rise buildings. 

"The hope is that our methodology can be used to analyze buildings and lead to millions in energy savings in a much faster way than previously possible," Araji said.  
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Studying bubbles can lead to more efficient biofuel motors | ScienceDaily
By studying how bubbles form in a drop of biodiesel, researchers at the University of Gothenburg can help future engines get the most energy out of the fuel.


						
In an internal combustion engine, the fuel is distributed in small droplets in injection valves to maximise combustion.

In the engine, the fuel droplets are pressurised to turn into gas and burn. When gas is formed, bubbles form inside the droplets and it is these that the researchers at the University of Gothenburg have studied using femtosecond lasers.

Less emissions

"The bubbles have a significant impact on the atomisation of biodiesel in engines. Therefore, our research is very important to address fundamental questions about the efficiency of the biodiesel engine," says Dr. Yogeshwar Nath Mishra, who led the study at the University of Gothenburg together with Professor Dag Hanstorp.

Researchers are trying to understand how and when the bubbles form in the fuel droplets. In the long term, this knowledge could lead to the development of a more efficient engine that burns more fuel than today, resulting in less environmentally harmful emissions.

"Research on biodiesel is crucial in our transition from fossil fuels to combat climate change. In engines, bubbling affects fuel combustion and contributes to the formation of larger droplets that do not evaporate and burn completely, leading to increased emissions," says Dr. Yogeshwar Nath Mishra.




The droplet is levitated acoustically

Studying bubble formation in engine injection valves is difficult because of their structure, with narrow channels in metal bodies. But with the latest technology, physicists can set up an experiment in the lab that allows them to study the process in a millimetre-sized drop of biodiesel. First, a fuel droplet is levitated, i.e. trapped in the air, using a standing sound wave.

"We then energise the droplet with our femtosecond laser, which focuses light energy at a point inside the droplet for a very short time, 100 femtoseconds, 10-13 seconds. This forms the gas bubbles, the number, growth and fine distribution of which are studied using a high-speed camera," explains Dag Hanstorp, Professor of Physics at the University of Gothenburg.

Many applications

The results, published in Nature Scientific Reports, have provided significant insights into the phenomenon of bubble formation that are not only useful in the development of more efficient fuels and combustion engines.

"Bubble formation is important in industries such as chemical engineering for example carbonated drinks, ultrasonic imaging, boiling processes for heat transfer and processes such as gas release from water bodies and cloud formation. But what we have achieved is basic research. There is still a lot of development to be done before it can be used," says Dag Hanstorp.
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Detection of an Earth-sized exoplanet orbiting the ultracool dwarf star SPECULOOS-3 | ScienceDaily
The SPECULOOS project, led by the astronomer Michael Gillon from the University of Liege, has just discovered a new Earth-sized exoplanet around SPECULOOS-3, an "ultracool dwarf" star as small as Jupiter, twice as cold as our Sun, and located 55 light-years from Earth. After the famous TRAPPIST-1, SPECULOOS 3 is the second planetary system discovered around this type of star.


						
Ultra-cool dwarf stars are the least massive stars in our Universe, similar in size to Jupiter, more than twice as cold, ten times less massive and a hundred times less luminous than our Sun. Their lifespan is over a hundred times longer than that of our star, and they will be the last stars to shine when the Universe becomes cold and dark. Although they are far more common in the Cosmos than Sun-like stars, ultra-cool dwarf stars are still poorly understood due to their low luminosity. In particular, very little is known about their planets, even though they represent a significant fraction of the planetary population of our Milky Way.

It's against this backdrop that the SPECULOOSconsortium, led by the University of Liege, has just announced the discovery of a new Earth-sized planet orbiting a nearby ultra-cool dwarf star. The SPECULOOS-3 b exoplanet lies around 55 light-years from Earth (which is very close on a cosmic scale! Our galaxy, the Milky Way, stretches over 100,000 light-years). SPECULOOS 3 is only the second planetary system to be discovered around this type of star: "SPECULOOS-3 b is practically the same size as our planet," explains the astronomer Michael Gillon, first author of the article published in Nature Astronomy. A year, i.e. an orbit around the star, lasts around 17 hours. Days and nights, on the other hand, should never end. We believe that the planet rotates synchronously, so that the same side, called the day side, always faces the star, just like the Moon does for the Earth. On the other hand, the night side hand, would be locked in endless darkness."

The SPECULOOS (Search for Planets EClipsing ULtra-cOOl Stars) project, initiated and led by astronomer Michael Gillon, has been specially designed to search for exoplanets around the nearest ultra-cold dwarf stars. These stars are scattered across the sky, so you must observe them one by one, over a period of weeks, to have a good chance of detecting transiting planets," continues the researcher. This requires a dedicated network of professional robotic telescopes." This isthe concept behind SPECULOOS, jointly run by the Universities of Liege, Cambridge, Birmingham, Berne, MIT and ETH Zurich.

"We designed SPECULOOS specifically to observe nearby ultra-cool dwarf stars in search of rocky planets that lend themselves well to detailed studies," comments Laetitia Delrez, astronomer at the University of Liege. In 2017, our SPECULOOS prototype using the TRAPPIST telescope discovered the famous TRAPPIST-1 system made up of seven Earth-sized planets, including several potentially habitable ones. This was an excellent start!"

The SPECULOOS-3 star is more than twice as cold as our sun, with an average temperature of around 2,600degC. Due to its hyper-short orbit, the planet receives almost sixteen times more energy per second than the Earth does from the Sun and is therefore literally bombarded with high-energy radiation. "In such an environment, the presence of an atmosphere around the planet is highly unlikely," says Julien de Wit, MIT professor and co-director of the SPECULOOS Northern Observatory and its Artemis telescope, co-developed by the University of Liege and MIT, and the mainstay of this discovery. The fact that this planet has no atmosphere could be a plus in several respects. For example, it could enable us to learn a great deal about ultra-cool dwarf stars, which in turn will make possible more in-depth studies of their potentially habitable planets."

SPECULOOS-3 b is proving to be an excellent target for the JWST space telescope, to be launched in 2021, whose data will revolutionize our vision of the Universe. "With the JWST, we could even study the mineralogy of the planet's surface!" enthuses Elsa Ducrot, a former researcher at the University of Liege now based at Paris Observatory. 

"This discovery demonstrates the ability of our SPECULOOS-North observatory to detect Earth-sized exoplanets suitable for detailed study. And this is just the beginning! Thanks to the financial support of the Walloon Region and the University of Liege, two new telescopes, Orion and Apollo, will soon join Artemis on the plateau of the Teide volcano in Tenerife, to speed up the hunt for these fascinating planets" concludes Michael Gillon.
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Much more than a world first image of radioactive cesium atoms | ScienceDaily
Thirteen years after the nuclear disaster at the Fukushima Daiichi Nuclear Power Plant (FDNPP), a breakthrough in analysis has permitted a world first: direct imaging of radioactive cesium (Cs) atoms in environmental samples.


						
The groundbreaking analysis, completed by a team of researchers in Japan, Finland, America, and France, analyzing materials emitted from the damaged FDNPP reactors, reveals important insights into the lingering environmental and radioactive waste management challenges faced in Japan. The study, titled ""Invisible" radioactive cesium atoms revealed: Pollucite inclusion in cesium-rich microparticles (CsMPs) from the Fukushima Daiichi Nuclear Power Plant" has just been published in the Journal of Hazardous Materials. 

The Fukushima Daiichi Meltdowns: A Continuing Engineering and Environmental Puzzle

In 2011, after the Great Tohoku Earthquake and Tsunami, 3 nuclear reactors at the FDNPP underwent meltdowns due to a loss of back-up power and cooling. Since then, extensive research efforts have focused on understanding the properties of fuel debris (the mixture of melted nuclear fuels and structural materials), found within the damaged reactors. That debris must be carefully removed and disposed of.

However, many uncertainties remain concerning the physical and chemical state of the fuel debris and this greatly complicates retrieval efforts.

Attempts to Understand the Chemistry of Radioactive Cesium Results in a World First 

A significant amount of radioactive Cs was released from the damaged Fukushima Daiichi reactors in particulate form. The particles, termed Cs-rich microparticles (CsMPs), are poorly soluble, small (< 5 mm) and have a glass-like composition.




Prof. Satoshi Utsunomiya from Kyushu University, Japan, led the current study. He explained that the CsMPs "formed in the bottom of the damaged reactors during the meltdowns, when molten nuclear fuel impacted concrete."

After formation, many CsMPs were lost from the reactor containment into the surrounding environment.

Detailed characterization of CsMPs has revealed important clues about the mechanisms and extent of the meltdowns. However, despite abundant Cs in the microparticles, direct atomic scale imaging of radioactive Cs in the particles has proven impossible.

Prof. Gareth Law, a study collaborator from the University of Helsinki, explained that "this means we lack full information on the chemical form of Cs in the particles and fuel debris."

Utsunomiya continued, "whilst Cs in the particles is present at reasonably high concentrations, it is often still too low for successful atomic scale imaging using advanced electron microscopy techniques. When Cs is found at a high enough concentration, we have found that the electron beam damages the sample, rendering resulting data useless." However, in the team's previous work using a state-of-the-art high-resolution high-angle annular dark-field scanning transmission electron microscope (HR-HAADF-STEM), they found inclusions of a mineral called pollucite (a zeolite) within CsMPs. Law explained that "in past analysis we showed that the iron-rich pollucite inclusions in the CsMPs contained >20 wt.% Cs. In nature, pollucite is generally aluminum-rich.

The pollucite in the CsMPs was clearly different to that in nature indicating it formed in the reactors." Utsunomiya continued, "because we knew that most of the Cs in CsMPs is fission derived, we thought that analysis of the pollucite could yield the first ever direct images of radioactive Cs atoms."

Zeolites can become amorphous when subjected to electron beam irradiation, but that damage is related to the composition of the zeolite, and the team found that some pollucite inclusions were stable in the electron beam.




Learning this and informed by modelling, the team set about pain-staking analysis that saw Utsunomiya, graduate student Kanako Miyazaki, and the team finally image radioactive Cs atoms.

Utsunomiya explained:

"It was incredibly exciting to see the beautiful pattern of Cs atoms in the pollucite structure, where about half of the atoms in the image correspond to radioactive Cs."

He continued: "this is first time humans have directly imaged radioactive Cs atoms in an environmental sample. Finding concentrations of radioactive Cs high enough in environmental samples that would permit direct imaging is unusual and presents safety issues. Whilst it was exciting to make a scientific world first image, at the same time it's sad that this was only possible due to a nuclear accident."

More than an Imaging Breakthrough

Utsunomiya emphasized that the study's findings are broader than mere imaging of radioactive Cs atoms: "Our work sheds light on pollucite formation and the likely heterogeneity of Cs distribution within the FDNPP reactors and the environment."

Law further underscored relevance: "we unequivocally demonstrate a new Cs occurrence associated with the materials emitted from the FDNPP reactors. Finding Cs containing pollucite in CsMPs likely means it also remains in the damaged reactors; as such, its properties can now be considered in reactor decommissioning and waste management strategies."

Collaborator Emeritus Prof. Bernd Grambow from Subatech, IMT Atlantique Nantes University, added that: "we should now also begin to consider the environmental behavior or Cs-pollucite and its possible impacts. It likely behaves differently to other forms of Cs fallout documented thus far. Also,the effect on human health might have to be considered. The chemical reactivity of pollucite in the environment and in body fluids is certainly different than that of other forms of deposited radioactive Cs." Finally reflecting on the study's significance, Prof. Rod Ewing from Stanford University underscored the pressing need for continued research to inform debris removal strategies and environmental remediation: "yet again, we see that the pain-staking analytical efforts of international scientists really can unlock the mysteries of nuclear accidents, aiding long-term recovery efforts."

The study, titled "Invisible radioactive cesium atoms revealed: Pollucite inclusion in cesium-rich microparticles (CsMPs) from the Fukushima Daiichi Nuclear Power Plant," is published in the Journal of Hazardous Materials. The work was supported by bilateral funding from the Japan Society for the Promotion of Science and the Research Council of Finland.
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Green concrete recycling twice the coal ash is built to last | ScienceDaily
New modelling reveals that low-carbon concrete developed at RMIT University can recycle double the amount of coal ash compared to current standards, halve the amount of cement required and perform exceptionally well over time.


						
More than 1.2 billion tonnes of coal ash were produced by coal-fired power plants in 2022. In Australia, it accounts for nearly a fifth of all waste and will remain abundant for decades to come, even as we shift to renewables.

Meanwhile, cement production makes up 8% of global carbon emissions and demand for concrete -- which uses cement as a key ingredient -- is growing rapidly.

Addressing both challenges head-on, engineers at RMIT have partnered with AGL's Loy Yang Power Station and the Ash Development Association of Australia to substitute 80% of the cement in concrete with coal fly ash.

RMIT project lead Dr Chamila Gunasekara said this represents a significant advance as existing low-carbon concretes typically have no more than 40% of their cement replaced with fly ash.

"Our addition of nano additives to modify the concrete's chemistry allows more fly ash to be added without compromising engineering performance," said Gunasekara, from RMIT's School of Engineering.

Finding new opportunities in overlooked pond ash

Comprehensive lab studies have shown the team's approach is also capable of harvesting and repurposing lower grade and underutilised 'pond ash'- taken from coal slurry storage ponds at power plants -- with minimal pre-processing.




Large concrete beam prototypes have been created using both fly ash and pond ash and shown to meet Australian Standards for engineering performance and environmental requirements.

"It's exciting that preliminary results show similar performance with lower-grade pond ash, potentially opening a whole new hugely underutilised resource for cement replacement," Gunasekara said.

"Compared to fly ash, pond ash is underexploited in construction due to its different characteristics. There are hundreds of megatonnes of ash wastes sitting in dams around Australia, and much more globally."

"These ash ponds risk becoming an environmental hazard, and the ability to repurpose this ash in construction materials at scale would be a massive win."

New modelling technology shows low-carbon concrete's long-term resilience 

A pilot computer modelling program developed by RMIT in partnership with Hokkaido University' Dr Yogarajah Elakneswaran has now been used to forecast the time-dependent performance of these new concrete mixtures.




According to Dr Yuguo Yu, an expert in virtual computational mechanics at RMIT, a longstanding challenge in the field has been to understand how newly developed materials will stand the test of time.

"We've now created a physics-based model to predict how the low-carbon concrete will perform over time, which offers us opportunities to reverse engineer and optimise mixes from numerical insights," Yu explained.

This pioneering approach -- recently unveiled in the journal Cement and Concrete Research -- reveals how various ingredients in the new low-carbon concrete interact over time.

"We're able to see, for example, how the quick-setting nano additives in the mix act as a performance booster during the early stages of setting, compensating for the large amounts of slower-setting fly ash and pond ash in our mixes," Gunasekara says.

"The inclusion of ultra-fine nano additives significantly enhances the material by increasing density and compactness."

This modelling, with its wide applicability to various materials, marks a crucial stride towards digitally assisted simulation in infrastructure design and construction.

By leveraging this technology, the team aims to instil confidence among local councils and communities in adopting novel low-carbon concrete for various applications.

This research was enabled by the ARC Industrial Transformation Research Hub for Transformation of Reclaimed Waste Resources to Engineered Materials and Solutions for a Circular Economy (TREMS). Led by RMIT's Professor Sujeeva Setunge, TREMS brings together top scientists, researchers and industry experts from nine Australian universities and 36 state, industry, and international partners to minimise landfill waste and repurpose reclaimed materials for construction and advanced manufacturing.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240515122804.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Robots' and prosthetic hands' sense of touch could be as fast as humans | ScienceDaily
Research at Uppsala University and Karolinska Institutet could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. Their study has been published in the journal Science. The technology could also be used to help restore lost functionality to patients after a stroke.


						
"Our system can determine what type of object it encounters as fast as a blindfolded person, just by feeling it and deciding whether it is a tennis ball or an apple, for example," says Zhibin Zhang, docent at the Department of Electrical Engineering at Uppsala University.

He and his colleague Libo Chen performed the study in close cooperation with researchers from the Signals and Systems Division at Uppsala University, who provided data processing and machine learning expertise, and a group of researchers from the Department of Neurobiology, Care Sciences and Society, Division of Neurogeriatrics at Karolinska Institutet.

Drawing inspiration from neuroscience, they have developed an artificial tactile system that imitates the way the human nervous system reacts to touch. The system uses electrical pulses that process dynamic tactile information in the same way as the human nervous system. "With this technology, a prosthetic hand would feel like part of the wearer's body," Zhang explains.

The artificial system has three main components: an electronic skin (e-skin) with sensors that can detect pressure by touch; a set of artificial neurons that convert analogue touch signals into electrical pulses; and a processor that processes the signals and identifies the object. In principle, it can learn to identify an unlimited number of objects, but in their tests the researchers have used 22 different objects for grasping and 16 different surfaces for touching.

"We're also looking into developing the system so it can feel pain and heat as well. It should also be able to feel what material the hand is touching, for example, whether it is wood or metal," says Assistant Professor Libo Chen, who led the study.

According to the researchers, interactions between humans and robots or prosthetic hands can be made safer and more natural thanks to tactile feedback. The prostheses can also be given the ability to handle objects with the same dexterity as a human hand.

"The skin contains millions of receptors. Current e-skin technology cannot deliver enough receptors, but this technology makes it possible, so we would like to produce artificial skin for a whole robot," says Chen.

The technology could also be used medically, for example, to monitor movement dysfunctions caused by Parkinson's disease and Alzheimer's disease, or to help patients recover lost functionality after a stroke.

"The technology can be further developed to tell if a patient is about to fall. This information can be then used to either stimulate a muscle externally to prevent the fall or prompt an assistive device to take over and prevent it," says Zhang.
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Researchers use artificial intelligence to boost image quality of metalens camera | ScienceDaily
Researchers have leveraged deep learning techniques to enhance the image quality of a metalens camera. The new approach uses artificial intelligence to turn low-quality images into high-quality ones, which could make these cameras viable for a multitude of imaging tasks including intricate microscopy applications and mobile devices.


						
Metalenses are ultrathin optical devices -- often just a fraction of a millimeter thick -- that use nanostructures to manipulate light. Although their small size could potentially enable extremely compact and lightweight cameras without traditional optical lenses, it has been difficult to achieve the necessary image quality with these optical components.

"Our technology allows our metalens-based devices to overcome the limitations of image quality," said research team leader Ji Chen from Southeast University in China. "This advance will play an important role in the future development of highly portable consumer imaging electronics and can also be used in specialized imaging applications such as microscopy."

In Optica Publishing Group journal Optics Letters, the researchers describe how they used a type of machine learning known as a multi-scale convolutional neural network to improve resolution, contrast and distortion in images from a small camera -- about 3 cm x 3 cm x 0.5 cm -- they created by directly integrating a metalens onto a CMOS imaging chip.

"Metalens-integrated cameras can be directly incorporated into the imaging modules of smartphones, where they could replace the traditional refractive bulk lenses," said Chen. "They could also be used in devices such as drones, where the small size and lightweight camera would ensure imaging quality without compromising the drone's mobility."

Enhancing image quality

The camera used in the new work was previously developed by the researchers and uses a metalens with 1000-nm tall cylindrical silicon nitride nano-posts. The metalens focuses light directly onto a CMOS imaging sensor without requiring any other optical elements. Although this design created a very small camera the compact architecture limited the image quality. Thus, the researchers decided to see if machine learning could be used to improve the images.




Deep learning is a type of machine learning that uses artificial neural networks with multiple layers to automatically learn features from data and make complex decisions or predictions. The researchers applied this approach by using a convolution imaging model to generate a large number of high- and low-quality image pairs. These image pairs were used to train a multi-scale convolutional neural network so that it could recognize the characteristics of each type of image and use that to turn low-quality images into high-quality images.

"A key part of this work was developing a way to generate the large amount of training data needed for the neural network learning process," said Chen. "Once trained, a low-quality image can be sent from the device to into the neural network for processing, and high-quality imaging results are obtained immediately."

Applying the neural network 

To validate the new deep learning technique, the researchers used it on 100 test images. They analyzed two commonly used image processing metrics: the peak signal-to-noise ratio and the structural similarity index. They found that the images processed by the neural network exhibited a significant improvement in both metrics. They also showed that the approach could rapidly generate high-quality imaging data that closely resembled what was captured directly through experimentation.

The researchers are now designing metalenses with complex functionalities -- such as color or wide-angle imaging -- and developing neural network methods for enhancing the imaging quality of these advanced metalenses. To make this technology practical for commercial application would require new assembly techniques for integrating metalenses into smartphone imaging modules and image quality enhancement software designed specifically for mobile phones.

"Ultra-lightweight and ultra-thin metalenses represent a revolutionary technology for future imaging and detection," said Chen. "Leveraging deep learning techniques to optimize metalens performance marks a pivotal developmental trajectory. We foresee machine learning as a vital trend in advancing photonics research."
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A simple quantum internet with significant possibilities | ScienceDaily
It's one thing to dream up a quantum internet that could send hacker-proof information around the world via photons superimposed in different quantum states. It's quite another to physically show it's possible.


						
That's exactly what Harvard physicists have done, using existing Boston-area telecommunication fiber, in a demonstration of the world's longest fiber distance between two quantum memory nodes to date. Think of it as a simple, closed internet between point A and B, carrying a signal encoded not by classical bits like the existing internet, but by perfectly secure, individual particles of light.

The groundbreaking work, published in Nature, was led by Mikhail Lukin, the Joshua and Beth Friedman University Professor in the Department of Physics, in collaboration with Harvard professors Marko Loncar and Hongkun Park, who are all members of the Harvard Quantum Initiative, alongside researchers at Amazon Web Services.

The Harvard team established the practical makings of the first quantum internet by entangling two quantum memory nodes separated by optical fiber link deployed over a roughly 22-mile loop through Cambridge, Somerville, Watertown, and Boston. The two nodes were located a floor apart in Harvard's Laboratory for Integrated Science and Engineering.

Quantum memory, analogous to classical computer memory, is an important component of an interconnected quantum computing future because it allows for complex network operations and information storage and retrieval. While other quantum networks have been created in the past, the Harvard team's is the longest fiber network between devices that can store, process and move information.

Each node is a very small quantum computer, made out of a sliver of diamond that has a defect in its atomic structure called a silicon-vacancy center. Inside the diamond, carved structures smaller than a hundredth the width of a human hair enhance the interaction between the silicon-vacancy center and light.

The silicon-vacancy center contains two qubits, or bits of quantum information: one in the form of an electron spin used for communication, and the other in a longer-lived nuclear spin used as a memory qubit to store entanglement (the quantum-mechanical property that allows information to be perfectly correlated across any distance). Both spins are fully controllable with microwave pulses. These diamond devices -- just a few millimeters square -- are housed inside dilution refrigeration units that reach temperatures of -459 Fahrenheit.




Using silicon-vacancy centers as quantum memory devices for single photons has been a multi-year research program at Harvard. The technology solves a major problem in the theorized quantum internet: signal loss that can't be boosted in traditional ways. A quantum network cannot use standard optical-fiber signal repeaters because copying of arbitrary quantum information is impossible -- making the information secure, but also very hard to transport over long distances.

Silicon vacancy center-based network nodes can catch, store and entangle bits of quantum information while correcting for signal loss. After cooling the nodes to close to absolute zero, light is sent through the first node and, by nature of the silicon vacancy center's atomic structure, becomes entangled with it.

"Since the light is already entangled with the first node, it can transfer this entanglement to the second node," explained first author Can Knaut, a Kenneth C. Griffin Graduate School of Arts and Sciences student in Lukin's lab. "We call this photon-mediated entanglement."

Over the last several years, the researchers have leased optical fiber from a company in Boston to run their experiments, fitting their demonstration network on top of the existing fiber to indicate that creating a quantum internet with similar network lines would be possible.

"Showing that quantum network nodes can be entangled in the real-world environment of a very busy urban area, is an important step towards practical networking between quantum computers," Lukin said.

A two-node quantum network is only the beginning. The researchers are working diligently to extend the performance of their network by adding nodes and experimenting with more networking protocols.
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Bio-based resins could offer recyclable future for 3D printing | ScienceDaily
A new type of recyclable resin, made from biosourced materials, has been designed for use in 3D printing applications.


						
In a study, published today [15 May 2024] in Nature, researchers from the University of Birmingham showed that high-resolution, 3D printed structures can be manufactured from an entirely bio-sourced feedstock.

Once they have reached the end of their useful life, the products can be recycled within an almost fully closed-loop system.

Photopolymer resins, which harden -- or cure -- on exposure to light, are commonly used in the manufacture of bespoke 3D printed parts. However, while technologies to improve the resolution of 3D printing and its speed of manufacture have advanced considerably, the resins themselves have changed very little since the process first emerged in the 1980s.

The basic materials -- usually epoxies or acrylics -- come mostly from petrochemical feedstocks. Although some progress has been made in the use of more sustainable resins derived from biomass, the recyclability of these is still limited, because they rely on irreversible bonds being created when the resin hardens. To break these bonds, additional chemicals have to be added at each stage, resulting in a 'snowballing effect', in which the only way to recycle the material is to make more of it.

In contrast, the Birmingham-led team has, for the first time, succeeded in producing a photopolymer resin that can be printed at high resolution but can then be broken back down to its constituent parts, recycled and reprinted, with the addition of just a small amount of photoinitiator to maintain the material's curable properties.

Lead researcher Professor Andrew Dove said: "Our approach is an important step away from relying on 3D-printable resins made from petrochemicals, which cannot be efficiently recycled. While we still have improvements to make to the properties of the new resin, this research opens up exciting new avenues for development."

The feedstock for the process is made from lipoic acid, a naturally occurring fatty acid molecule that is commonly sold as a dietary supplement. The team made a combination of two monomers from the lipoic acid from which they were able to make a resin that could be recycled either back into the monomers, or right back to the original molecule for recycling.




In the study, the researchers completed two 'recycles', but anticipate that further recycles would be possible.

Uses for the material could include industries where rapid prototyping is used to test products before moving to mass production. Although currently the material is more flexible than might be commonly used in industry, future applications could include automotive parts, medical and dental components, and even jewellery design.

Co-lead researcher Assistant Professor Josh Worch said: "Enabling recycling within the light-mediated 3D printing industry is essential since it is a rapidly expanding method for materials production. We now have the prospect, with our technology, to help ensure that recycling becomes a built-in feature of 3D printing."

University of Birmingham Enterprise has filed a patent application covering the resin and its use in 3D printing.
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Promising new development in solar cell technology | ScienceDaily
Researchers from Kaunas University of Technology (KTU), Lithuania, who contributed to the development of record-breaking solar cells a few years ago, expanded their invention. The self-assembled monolayers can now be applied not only in inverted but also in regular structure perovskite solar cells.


						
Self-assembling molecules arrange themselves into a single-molecule-thick layer and in this case, they act as an electron-transporting layer in solar cells.

"The molecules that make up these monolayers, like a clever glue, coat the surface of the constructed devices with a thin one molecule thick layer. And this is not random, they don't stick wherever they go, but attach themselves by chemical bonds only where they are in contact with conductive metal oxide," explains Tadas Malinauskas, Professor at KTU's Faculty of Chemical Technology and one of the inventors of the new technology.

According to Malinauskas, the development of such a layer is a relatively simple and material-efficient process that requires a glass substrate with an electrically conductive metal oxide layer to be immersed in or sprayed with a highly diluted solution of the compound.

In this way, the self-assembling molecules are only attached to the surface of the metal oxide, and those that do not stick are washed away. This way a thin layer is created only where it is needed.

A crucial step in the development of the next generation solar cells

A team of KTU researchers has been synthesising and studying charge-transporting organic materials for several years. Previous experiments have focused more on molecules used for positive charge transfer in the perovskite solar cells.




"We can already say with confidence that these molecules have given a major boost to the development of the next generation solar cells. So, our next step is quite logical: to develop analogous molecules that can carry negative charges, and to apply these materials in perovskite solar cells," says Vytautas Getautis, professor at the KTU Faculty of Chemical Technology and Head of the research group in charge of invention.

Although it is a very thin layer, the role it plays in solar cells is extremely important. Malinauskas says that the best analogy for its function is the subway. "This layer, like an automatic gate on the subway, allows only one type of charge to pass through and continue its journey towards the electrode," he says.

In this way, self-assembled molecules increase the efficiency of solar cells.

Perovskite solar cell structures differ in the sequence of layers. In the regular structure, a negative charge transporting layer is formed on a transparent substrate, followed by light-absorbing and positive charge transporting layers. In solar cells with an inverted structure, the positive and negative charge transport layers are swapped.

Inventor and KTU PhD student Lauryna Monika Svirskaite says that the main difference between the two structures is the areas of their application.

"The regular structure is more widely used to study low-cost, easier-manufactured but less efficient solar cells. The inverted architecture allows them to be used in the construction of much more efficient combined devices, also known as tandem devices," says Svirskaite.




At the moment, as both structures are being intensively researched, the KTU scientists believe that the new invention is just as significant and promising as the last one.

The strongest inventions in the KTU patent portfolio

The new invention is the result of a collaboration with scientists from King Abdullah University of Science and Technology (KAUST).

"We, KTU chemists, were responsible for the development, improvement, and optimisation of the materials and coating technology, while our colleagues from Saudi Arabia investigated the performance of it in solar cells," reveals Malinauskas.
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Scientists generate heat over 1,000 degrees Celsius with solar power instead of fossil fuel | ScienceDaily
Instead of burning fossil fuels to smelt steel and cook cement, researchers in Switzerland want to use heat from the sun. The proof-of-concept study, published May 15 in the journal Device, uses synthetic quartz to trap solar energy at temperatures over 1,000degC (1,832degF), demonstrating the method's potential role in providing clean energy for carbon-intensive industries.


						
"To tackle climate change, we need to decarbonize energy in general," says corresponding author Emiliano Casati of ETH Zurich, Switzerland. "People tend to only think about electricity as energy, but in fact, about half of the energy is used in the form of heat."

Glass, steel, cement, and ceramics are at the very heart of modern civilization, essential for building everything from car engines to skyscrapers. However, manufacturing these materials demands temperatures over 1,000degC and relies heavily on burning fossil fuels for heat. These industries account for about 25% of global energy consumption. Researchers have explored a clean-energy alternative using solar receivers, which concentrate and build heat with thousands of sun-tracking mirrors. However, this technology has difficulties transferring solar energy efficiently above 1,000degC.

To boost the efficiency of solar receivers, Casati turned to semitransparent materials such as quartz, which can trap sunlight -- a phenomenon called the thermal-trap effect. The team crafted a thermal-trapping device by attaching a synthetic quartz rod to an opaque silicon disk as an energy absorber. When they exposed the device to an energy flux equivalent to the light coming from 136 suns, the absorber plate reached 1,050degC (1,922degF), whereas the other end of the quartz rod remained at 600degC (1,112degF).

"Previous research has only managed to demonstrate the thermal-trap effect up to 170degC (338degF)," says Casati. "Our research showed that solar thermal trapping works not just at low temperatures, but well above 1,000degC. This is crucial to show its potential for real-world industrial applications."

Using a heat transfer model, the team also simulated the quartz's thermal-trapping efficiency under different conditions. The model showed that thermal trapping achieves the target temperature at lower concentrations with the same performance, or at higher thermal efficiency for equal concentration. For example, a state-of-the-art (unshielded) receiver has an efficiency of 40% at 1,200degC, with a concentration of 500 suns. The receiver shielded with 300 mm of quartz achieves 70% efficiency at the same temperature and concentration. The unshielded receiver requires at least 1,000 suns of concentration for comparable performance.

Casati and his colleagues are now optimizing the thermal-trapping effect and investigating new applications for the method. So far, their research has been promising. By exploring other materials, such as different fluids and gases, they were able to reach even higher temperatures. The team also noted that these semitransparent materials' ability to absorb light or radiation is not limited to solar radiation.

"Energy issue is a cornerstone to the survival of our society," says Casati. "Solar energy is readily available, and the technology is already here. To really motivate industry adoption, we need to demonstrate the economic viability and advantages of this technology at scale."
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The case for sharing carbon storage risk | ScienceDaily
Even the most optimistic projections for the rapid build-out of solar, wind, and other low-carbon resources acknowledge that coal, natural gas, and other fossil fuels will dominate the world's energy mix for decades to come. If the vast greenhouse gas emissions from burning these fossil fuels continue to enter the planet's atmosphere, global warming will not be limited to sustainable levels. The capture and geologic sequestration of carbon emissions (CCS) offer a promising solution to the world's carbon conundrum.


						
Even with growing technological maturity and generous public policy support, however, the necessary CCS rush is lagging due to inefficient and oft-stifling liability regimes in the United States and elsewhere. A recent Nature Sustainability comment by Felix Mormann, a professor at Texas A&M University School of Law, reveals critical shortcomings in CCS liability management and proposes a multi-tiered framework, modeled after nuclear power plant liability, to reconcile the global interest in CCS deployment with developers' limited risk-bearing capacity and the need for adequate compensation in the event of an accident.

Jurisdictions with dedicated liability regimes for sequestered carbon generally fall into one of two camps. The first camp holds developers liable for carbon stored underground over extended timeframes, such as the 50-year liability imposed by U.S. federal law, which doubles to 100 years for projects tapping into the lucrative incentives offered under California law. The second camp, including Australia, the Canadian province of Alberta as well as certain E.U. members and U.S. states among other jurisdictions, allows CCS operators to transfer liability for their sequestration sites shortly after carbon injections end.

"Neither of these approaches is likely to deliver the CCS projects we need to put a serious dent in the world's carbon emissions," Mormann said. "Strict long-term liability can have a stifling effect on deployment. The 'get-out-of-jail-free-card' of liability transfer, meanwhile, diminishes a developer's incentives to apply the requisite care in the selection, development, and operation of their carbon sequestration site."

Thinking through the challenges of managing CCS liability, Mormann was reminded of another sustainable energy technology -- nuclear power -- that struggled to enter the mainstream some seventy years ago.

"The parallels between CCS and nuclear power are far from obvious at first glance. After all, nuclear produces a desirable commodity in the form of electricity, while CCS removes an unwanted by-product of generating that same commodity using fossil fuels," emphasizes Mormann. "But the more I studied it, the more I realized that CCS projects today engender many of the same competing interests that nuclear power evoked back in the 1950s: strong societal interest in more sustainable energy technology, private industry's fear of possibly crushing liability, and the public's need for protection against unlikely but potentially devastating accidents."

Based on this nuclear-CCS analogy, Mormann's comment proposes a multi-tiered framework for managing CCS liability modeled after the 1957 Price-Anderson Act that jumpstarted the U.S. nuclear power industry. The proposed framework would hold individual sequestration sites liable up to the maximum of commercially available liability insurance. For damages beyond these limits, all sequestration sites in the jurisdiction would pitch in via a form of pooled industry self-insurance, again up to a specified limit.

"If the nuclear experience is any indication," explains Mormann, "this secondary layer of industry-shared liability is likely to encourage knowledge sharing and communitarian self-regulation among CCS operators that further reduces the risk of accidents." Only once these first two layers have been exhausted, would government step in to provide additional funds, in recognition of the societal interest in the safe and timely deployment of this crucial decarbonization technology.
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Counterfeit coins can be detected more easily thanks to a novel approach | ScienceDaily
Concordia researchers at the Centre for Pattern Recognition and Machine Intelligence (CENPARMI) present a novel framework that uses image-mining techniques and machine learning algorithms to identify flaws in counterfeit coins.


						
Metal coins may be just about the oldest medium of exchange still in use today, but ensuring their worth requires some of the most state-of-the-art technology available. Counterfeit coins remain a threat to global currencies, with malicious actors flooding markets with fakes. European police broke up a Spain-based criminal ring in late April, demonstrating the issue's ongoing urgency.

However, no counterfeit is completely detection-proof, no matter how genuine it appears. There are always some tell-tale signals of forgery, even if they are not immediately noticeable to the naked eye.

In a new paper in the journal Expert Systems With Applications, a group of Concordia researchers at the Centre for Pattern Recognition and Machine Intelligence (CENPARMI) present a novel framework that uses image-mining techniques and machine learning algorithms to identify flaws in counterfeit coins.

"Using image technology, we scanned both genuine and counterfeit coins so we can look for anomalies that may be either two- or three-dimensional, such as letters or the face of the person on the coin," says Ching Suen, a professor in the Department of Computer Science and Software Engineering and the paper's supervising author.

"This framework is not only about safeguarding our economy and resources," adds the paper's lead author, CENPARMI postdoctoral fellow Maryam Sharifi Rad. "It is also about pushing the boundaries of technology and improving security."

CENPARMI research associate Saeed Khazaee also contributed to this study.




The tell-tale blob

The researchers' framework is built around fuzzy association rules mining. This approach uses artificial intelligence to find patterns that are similar but "fuzzy," i.e., not clear enough to be exact copies. However, the framework will eventually arrive at a certain range of results where positive matches be confidently identified.

The method begins by using state-of-the-art scanners to examine coins suspected of being counterfeit. The coins are provided by law enforcement agencies.

The scanned images are then segmented to regions of interest, which consist of collections of localized coherent regions referred to as "blobs." These blobs are recognized based on visual similarity and composition, which provide relevant features the researchers can extract. Blobs are like clues that help the researchers figure out what is going on in the scanned images.

Fuzzy association rules mining is performed using these blobs to extract frequent patterns from the images. These patterns capture relationships among the blobs' attributes, such as colour, texture, shape and size. The patterns help researchers to better understand the images and tell whether a coin is real or fake.

The blobs play a crucial role in generating fuzzy association rules, which represent implicit knowledge and relationships within a set of images, aiding in image classification tasks.

The researchers say they believe their technique can be applied to detect all manner of counterfeit items beyond coins.

"This method can be used to detect all kinds of fake goods, which we are seeing all over the world," says Suen. "It can also be used to detect fake labels on fruits, wines, liquor and so on. There are many places where this can be applied."
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Scientists develop an affordable sensor for lead contamination | ScienceDaily
Engineers at MIT, Nanytang Technological University, and several companies have developed a compact and inexpensive technology for detecting and measuring lead concentrations in water, potentially enabling a significant advance in tackling this persistent global health issue.


						
The World Health Organization estimates that 240 million people worldwide are exposed to drinking water that contains unsafe amounts of toxic lead, which can affect brain development in children, cause birth defects, and produce a variety of neurological, cardiac, and other damaging effects. In the United States alone, an estimated 10 million households still get drinking water delivered through lead pipes.

"It's an unaddressed public health crisis that leads to over 1 million deaths annually," says Jia Xu Brian Sia, an MIT postdoc and the senior author of the paper describing the new technology.

But testing for lead in water requires expensive, cumbersome equipment and typically requires days to get results. Or, it uses simple test strips that simply reveal a yes-or-no answer about the presence of lead but no information about its concentration. Current EPA regulations require drinking water to contain no more that 15 parts per billion of lead, a concentration so low it is difficult to detect.

The new system, which could be ready for commercial deployment within two or three years, could detect lead concentrations as low as 1 part per billion, with high accuracy, using a simple chip-based detector housed in a handheld device. The technology gives nearly instant quantitative measurements and requires just a droplet of water.

The findings are described in a paper appearing today in the journal Nature Communications, by Sia, MIT graduate student and lead author Luigi Ranno, Professor Juejun Hu, and 12 others at MIT and other institutions in academia and industry.

The team set out to find a simple detection method based on the use of photonic chips, which use light to perform measurements. The challenging part was finding a way to attach to the photonic chip surface certain ring-shaped molecules known as crown ethers, which can capture specific ions such as lead. After years of effort, they were able to achieve that attachment via a chemical process known as Fischer esterification. "That is one of the essential breakthroughs we have made in this technology," Sia says.




In testing the new chip, the researchers showed that it can detect lead in water at concentrations as low as one part per billion. At much higher concentrations, which may be relevant for testing environmental contamination such as mine tailings, the accuracy is within 4 percent.

The device works in water with varying levels of acidity, ranging from pH values of 6 to 8, "which covers most environmental samples," Sia says. They have tested the device with seawater as well as tap water, and verified the accuracy of the measurements.

In order to achieve such levels of accuracy, current testing requires a device called an inductive coupled plasma mass spectrometer. "These setups can be big and expensive," Sia says. The sample processing can take days and requires experienced technical personnel.

While the new chip system they developed is "the core part of the innovation," Ranno says, further work will be needed to develop this into an integrated, handheld device for practical use. "For making an actual product, you would need to package it into a usable form factor," he explains. This would involve having a small chip-based laser coupled to the photonic chip. "It's a matter of mechanical design, some optical design, some chemistry, and figuring out the supply chain," he says. While that takes time, he says, the underlying concepts are straightforward.

The system can be adapted to detect other similar contaminants in water, including cadmium, copper, lithium, barium, cesium, and radium, Ranno says. The device could be used with simple cartridges that can be swapped out to detect different elements, each using slightly different crown ethers that can bind to a specific ion.

"There's this problem that people don't measure their water enough, especially in the developing countries," Ranno says. "And that's because they need to collect the water, prepare the sample, and bring it to these huge instruments that are extremely expensive." Instead, "having this handheld device, something compact that even untrained personnel can just bring to the source for on-site monitoring, at low costs," could make regular, ongoing widespread testing feasible.

Hu, who is the John F. Elliott Professor of Materials Science and Engineering, says, "I'm hoping this will be quickly implemented, so we can benefit human society. This is a good example of a technology coming from a lab innovation where it may actually make a very tangible impact on society, which is of course very fulfilling."

The team included researchers at MIT, at Nanyang Technological University and Temasek Laboratories in Singapore, at the University of Southampton in the U.K., and at companies Fingate Technologies, in Singapore, and Vulcan Photonics, headquartered in Malaysia. The work used facilities at MIT.nano, the Harvard University Center for Nanoscale Systems, NTU's Center for Micro- and Nano-Electronics, and the Nanyang Nanofabrication Center.
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Simulating diffusion using 'kinosons' and machine learning | ScienceDaily
Researchers from the University of Illinois Urbana-Champaign have recast diffusion in multicomponent alloys as a sum of individual contributions, called "kinosons." Using machine learning to compute the statistical distribution of the individual contributions, they were able to model the alloy and calculate its diffusivity orders of magnitude more efficiently than computing whole trajectories. This work was recently published in the journal Physical Review Letters.


						
"We found a much more efficient way to calculate diffusion in solids, and at the same time, we learned more about the fundamental processes of diffusion in that same system," says materials science & engineering professor Dallas Trinkle, who led this work, along with graduate student Soham Chattopadhyay.

Diffusion in solids is the process by which atoms move throughout a material. The production of steel, ions moving through a battery and the doping of semiconductor devices are all things that are controlled by diffusion.

Here, the team modeled diffusion in multicomponent alloys, which are metals composed of five different elements -- manganese, cobalt, chromium, iron and nickel in this research -- in equal amounts. These types of alloys are interesting because one way to make strong materials is to add different elements together like adding carbon and iron to make steel. Multicomponent alloys have unique properties, such as good mechanical behavior and stability at high temperatures, so it is important to understand how atoms diffuse in these materials.

To get a good look at diffusion, long timescales are needed since atoms randomly move around and, over time, their displacement from the starting point will grow. "If somebody tries to simulate the diffusion, it's a pain because you have to run the simulation for a very long time to get the full picture," Trinkle says. "That really limits a lot of the ways that we can study diffusion. More accurate methods for calculating transition rates often can't be used because you wouldn't be able to do enough steps of a simulation to get the longtime trajectory and get a reasonable value of diffusion."

An atom might jump to the left but then it might jump back to the right. In that case, the atom hasn't moved anywhere. Now, say it jumps left, then 1000 other things happen, then it jumps back to the right. That's the same effect. Trinkle says, "We call that correlation because at one point the atom made one jump and then later it undid that jump. That's what makes diffusion complicated. When we look at how machine learning is solving the problem, what it's really doing is it's changing the problem into one where there aren't any of these correlated jumps."

Therefore, any jump that an atom makes contributes to diffusion and the problem becomes a lot easier to solve. "We call those jumps kinosons, for little moves," Trinkle says. "We've shown that you can extract the distribution of those, the probability of seeing a kinoson of a certain magnitude, and add them all up to get the true diffusivity. On top of that you can tell how different elements are diffusing in a solid."

Another advantage of modeling diffusion using kinosons and machine learning is that it is significantly faster than calculating long-timescale, whole trajectories. Trinkle says that with this method, simulations can be done 100 times faster than it would take with the normal methods.

"I think this method is really going to change the way we think about diffusion," he says. "It's a different way to look at the problem and I hope that in the next 10 years, this will be the standard way of looking at diffusion. To me, one of the exciting things is not just that it works faster, but you also learn more about what's happening in the system."
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Petroleum, chlorine mix could yield harmful byproducts | ScienceDaily
A new study from the University of Hawai'i at Manoa shows that chlorine mixed with petroleum in water can potentially produce inadvertent byproducts harmful to human health.


						
Small amounts of chlorine, within safe industry standards, are added to disinfect O`ahu's drinking water by the Honolulu Board of Water Supply (BWS) and military installations, according to BWS. In late November 2021, a petroleum release from the Red Hill Bulk Fuel Storage Facility contaminated the Red Hill drinking water well. Hundreds of families, living on Joint Base Pearl Harbor-Hickam and the Army's Aliamanu Military Reservation and Red Hill Housing, reported petroleum odors coming from tap water supplied by the U.S. Navy water system.

Lab experiments conducted by researchers in UH Manoa's College of Engineering and Water Resources Research Center (WRRC), showed elevated levels of THM4 (Total Trihalomethanes) and HAA5 (Haloacetic Acids), which are both classified as disinfection byproducts, can form during chlorination of petroleum contaminated water. THM4 was the most abundant, and additionally, various unregulated disinfection byproducts were produced. The researchers stress that their findings are from controlled lab conditions, and further research is needed to understand real-world implications.

According to the Centers for Disease Control and Prevention, "Chronic exposure to disinfection byproducts may increase risk of cancer. Humans exposed to unusually large amounts of some disinfection byproducts could experience liver damage and decreased nervous system activity."

"These findings highlight the potential health risks associated with chlorinating petroleum-contaminated water, and further research is needed to fully understand these risks in real-world conditions," said study co-author and Professor Tao Yan from the UH Manoa Department of Civil, Environmental and Construction Engineering and WRRC.

During the lab process, control reactors containing either only free chlorine or only petroleum hydrocarbons produced significantly lower or no detectable levels of disinfection byproducts, which indicated that the presence of petroleum hydrocarbons and free chlorine together was responsible for the elevated disinfection byproduct concentrations.

"Recent contamination events in the Pearl Harbor aquifer show that petroleum hydrocarbons can directly enter groundwater wells without undergoing natural breakdown processes," Yan said. "This study reveals that when unaltered petroleum hydrocarbons come into contact with free chlorine, commonly used in water treatment, they can produce higher levels of regulated disinfection byproducts. Understanding the potential risks during both water treatment and distribution is important for safeguarding water quality and protecting human health."
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Virtual reality becomes more engaging when designers use cinematic tools | ScienceDaily
Cinematography techniques can significantly increase user engagement with virtual environments and, in particular, the aesthetic appeal of what users see in virtual reality.


						
This was the result of a recent study conducted by computer scientists at the University of Helsinki. The results were published in May at the ACM Conference on Human Factors in Computing Systems (CHI).

The team aimed to investigate how principles of composition and continuity, commonly used in filmmaking, could be utilized to enhance navigation around virtual environments.

Composition refers to how the elements in a scene are oriented with respect to the viewer, whereas continuity is about how camera positions between shots can help viewers to understand spatial relationships between elements in the scene.

"Using these ideas, we developed a new teleportation method for exploring virtual environments that subtly repositions and reorientates the user's viewpoint after teleportation to better frame the contents of the scene," says Alan Medlar, University Researcher in computer science at the University of Helsinki.

The images show how this differs from regular teleportation used in modern VR games: from the same starting point (top images), regular teleportation moves the user forward while retaining the same orientation (middle images), whereas cinematic techniques can increase the visual appeal of the environment (bottom images).

Sense of space preserved without motion sickness

The results also address the issue of motion sickness -- a common problem for VR users. Usually, to prevent nausea, designers use teleportation as a method for moving through digital spaces. The researchers' approach is also based on teleportation, but it aims to fix the problems associated with this technique.




"In virtual environments, teleportation can lead to reduced spatial awareness, forcing users to reorient themselves after teleporting and can cause them to miss important elements in their surroundings," says Medlar.

"The cinematography techniques we used give the designers of virtual environments a way to influence users' attention as they move around the space to affect how they perceive their surroundings," he continues.

Implications for gaming, museums, and movies

The research carries substantial implications for a range of VR applications, especially as the affordability of VR headsets keeps improving. Video games, virtual museums, galleries, and VR movies could all benefit from these findings, utilizing the proposed methods to craft more engaging and coherent experiences for their users.

Medlar believes the results will be of practical use to virtual reality designers.

"The potential impact of improving navigation in VR and giving designers more tools to affect user experience is huge."
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Metalens expands Its reach from light to sound | ScienceDaily
Junsuk Rho from the Department of Mechanical Engineering, the Department of Chemical Engineering, and the Department of Electrical Engineering, Dr. Dongwoo Lee from the Department of Mechanical Engineering, and Beomseok Oh, a PhD student, from the Department of Chemical Engineering at Pohang University of Science and Technology (POSTECH) have achieved a breakthrough in surpassing the limitations of traditional acoustic metalenses. They have successfully developed the first wide field-of-hearing metalens. This research has been recently published in the international journal, Nature Communications.


						
Sound waves, originating from vibrations in mediums like gases and liquids, are omnipresent in our daily experiences. Notably, high-frequency ultrasound waves, imperceptible to the human ear, are utilized in medical ultrasound examinations for diagnosing tissues or organs within the body. Consequently, sound waves serve as a vital energy source not only in medicine but also in telecommunications, energy harvesting, imaging, and various other domains. Acoustic lenses are fundamental in all these applications as they are instrumental in accurately focusing sound waves.

Professor Junsuk Rho's team, known for their work on metalens, is attracting acclaim for their advancements in optical metalens for light wave manipulation as well as acoustic metalens for sound control. Metalens, comprised of artificial structures usually smaller than the wavelength of the waves, enables unrestricted manipulation of waves while significantly reducing lens thickness. This research extends the concept of a "wide field-of-view," currently trending in next-generation AR and VR devices and displays, into the realm of acoustics, opening avenues for novel applications of "wide field-of-hearing" technology.

Wide field-of-hearing measures the breadth of angles through which a lens can display a sound image. Traditional acoustic metalenses suffer from undesired sound distortion (aberration) when waves approach at non-perpendicular angles. The team devised a method to meticulously control the phase of the metalens, ensuring precise focusing of sound waves regardless of their angle of incidence. This marks the first successful achievement and demonstration of a wide field-of-hearing using ultra-thin metalenses, achieving up to 140 degrees of field-of-hearing without sound distortion.

Professor Junsuk Rho of POSTECH stated, "By first demonstrating the significance and necessity of field-of-hearing, we've established a new paradigm in the realm of acoustic metalenses." He added, "We will continue our work to further explore its applications in acoustic imaging and high-sensitivity sensing along with explorations in energy harvesting and submarine monitoring within underwater environments."

The research was conducted with support from POSCO N.EX.T IMPACT and an organization-specific task of the Korea Research Institute of Ships & Ocean Engineering.
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Transforming waste carbon dioxide into high-value chemicals with a cost reduction of about 30% | ScienceDaily
A team of scientists from the National University of Singapore has developed a novel technique to convert carbon dioxide (CO2) from treated flue gas directly into high-value chemicals and fuels. This innovation sidesteps the conventional approach of using high-purity CO2 for electrochemical reduction processes, achieving significant cost savings of about 30%.


						
Addressing the urgent challenge posed by escalating carbon dioxide (CO2) emissions and their impact on climate change, researchers from the National University of Singapore (NUS) have developed a novel technique that significantly advances the conversion of waste carbon dioxide (CO2) into value-added chemicals and fuels.

Led by Assistant Professor LUM Yanwei from the Department of Chemical and Biomolecular Engineering under the NUS College of Design and Engineering, the research team's innovation enables the direct conversion of CO2 from treated flue gas, a common by-product of industrial processes, into high-value multi-carbon (C2+) products such as ethylene and ethanol, essential raw materials for the production of various everyday compounds such as plastics, polymers and detergents.

This advancement not only circumvents the need for high-purity CO2 but also efficiently repurposes a prevalent waste product, marking a stride towards closing the carbon cycle and reducing reliance on fossil fuels.

Marrying catalyst design with electrolyte selection

Carbon capture, utilisation and storage is a fundamental process to a sustainable future, relying on a suite of technologies among which the electrochemical reduction of CO2 is vital. The process, which transforms CO2 into a range of valuable feedstocks for chemicals and fuels, traditionally demands high-purity CO2, leading to significant costs due to the energy-intensive purification of the compound from sources like flue gases. Furthermore, the presence of oxygen impurities in flue gas results in undesired side reactions, which significantly reduces the efficiency of the CO2 reduction process.

Asst Prof Lum's team aimed to sidestep these challenges by integrating catalyst design with electrolyte selection. In their recent study which was published in the scientific journal Nature Communications on 26 February 2024, the researchers first introduced a new method to design catalysts with greatly enhanced efficiencies for the electrochemical conversion of CO2. Utilising this approach, they designed a nickel catalyst boasting exceptional performance for CO2 reduction, achieving an impressive efficiency rate exceeding 99 percent.




In another study that builds on the aforementioned one, the NUS team designed a composite system by sequentially layering this nickel catalyst onto a copper surface. "We found that integrating acidic electrolytes with this composite system significantly suppresses the undesired side reactions from oxygen impurities in flue gas," explained Asst Prof Lum. Impressively, this system demonstrated comparable performance with systems that utilise pure CO2 as feedstock. The second study was published in the same journal on 9 February 2024.

Asst Prof Lum highlighted the potential economic impact of their research, "The cost of purifying CO2 can amount to about USD 70 to 100 per ton, which can constitute about 30 per cent of the costs involved in converting CO2 to feedstocks such as ethylene through electrochemical means."

"Our novel technique demonstrates a potential pathway for the development of efficient electrolysers for the direct conversion of CO2 in flue gas, using simple yet effective electrolyte and catalyst design strategies to advance integrated sustainability solutions," added Asst Prof Lum.

Scaling up for large-scale applications

The potential implications of this research extend beyond the production of ethylene and ethanol. By adjusting the catalyst system, the researchers' technique could be applied to synthesise other valuable chemicals, such as acetate and propanol which are used in the production of everyday products such as adhesives and disinfectants respectively. This versatility offers a broad platform for converting waste CO2 into a diverse range of chemicals, underscoring the technique's adaptability to different industrial needs.

"We are seeing strong interest from the industry and are currently in talks with some companies to further advance this research," said Asst Prof Lum. "Our goal is to enhance the energy efficiency and scalability of our system, moving beyond laboratory-scale experiments towards developing prototype reactors that can be applied in industrial settings."
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Eco-friendly and affordable battery for low-income countries | ScienceDaily
A battery made from zinc and lignin that can be used over 8000 times. This has been developed by researchers at Linkoping University, Sweden, with a vision to provide a cheap and sustainable battery solution for countries where access to electricity is limited. The study has been published in the journal Energy & Environmental Materials.


						
"Solar panels have become relatively inexpensive, and many people in low-income countries have adopted them. However, near the equator, the sun sets at around 6 PM, leaving households and businesses without electricity. The hope is that this battery technology, even with lower performance than the expensive Li-ion batteries, will eventually offer a solution for these situations," says Reverant Crispin, professor of organic electronics at Linkoping University.

His research group at the Laboratory of Organic Electronics, together with researchers at Karlstad University and Chalmers, has developed a battery that is based on zinc and lignin, two cost-effective and environmentally friendly materials. In terms of energy density, it is comparable to lead-acid batteries but without the lead, which is toxic.

The battery is stable, as it can be used over 8000 cycles while maintaining about 80% of its performance. Additionally, the battery retains its charge for approximately one week, significantly longer than other similar zinc-based batteries that discharge in just a few hours.

Although zinc-based batteries are already on the market, primarily as non-rechargeable batteries, they are predicted to complement and, in some cases, replace lithium-ion batteries in the long run when the feature of rechargeability is properly introduced.

"While lithium-ion batteries are useful when handled correctly, they can be explosive, challenging to recycle, and problematic in terms of environmental and human rights issues when specific elements like cobalt are extracted. Therefore, our sustainable battery offers a promising alternative where energy density is not critical," says Ziyauddin Khan, a researcher at the Laboratory of Organic Electronics at LiU.

The issue with zinc batteries has primarily been poor durability due to zinc reacting with the water in the battery's electrolyte solution. This reaction leads to the generation of hydrogen gas and dendritic growth of the zinc, rendering the battery essentially unusable.




To stabilise the zinc, a substance called potassium polyacrylate based water-in-polymer salt electrolyte (WiPSE) is used. What the researchers at Linkoping have now demonstrated is that when WiPSE is used in a battery containing zinc and lignin, stability is very high.

"Both zinc and lignin are super cheap, and the battery is easily recyclable. And if you calculate the cost per usage cycle, it becomes an extremely cheap battery compared to lithium-ion batteries," says Ziyauddin Khan.

Currently, the batteries developed in the lab are small. However, the researchers believe that they can create large batteries, roughly the size of a car battery, thanks to the abundance of both lignin and zinc at low cost. However, mass production would require the involvement of a company.

Reverant Crispin asserts that Sweden's position as an innovative country enables it to assist other nations in adopting more sustainable alternatives.

"We can view it as our duty to help low-income countries avoid making the same mistakes we did. When they build their infrastructure, they need to start with green technology right away. If unsustainable technology is introduced, it will be used by billions of people, leading to a climate catastrophe," says Reverant Crispin.
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Creating a green composite material from Japanese washi paper | ScienceDaily
Washi: the traditional Japanese paper, known for its beauty and strength, has been used in bookbinding, art, furniture, and architecture for hundreds of years. But more recently, washi's usage is on the decline, as people opt for more western style housing designs. In a bid to revive interest in this traditional craft, a group of Tohoku University researchers has developed an environmentally friendly material from washi that boasts improved strength and biodegradability.


						
Details of the research were published in the journal Composites Part A: Applied Science and Manufacturing on May, 9, 2024.

Bio-based and biodegradable materials are increasingly sought after as the world seeks to move away from fossil based-plastic materials and build a more sustainable society. Green composites combine plastics with natural fibers, producing materials with higher strength, improved biodegradability, and a lower environmental footprint.

"We created a green composite from washi, which itself stems from plant fibers, improving its properties further whilst still maintaining its classical beauty," points out Hiroki Kurita, co-author of the paper and an associate professor at Tohoku University's Graduate School of Environmental Studies.

To produce the material, Kurita and his colleagues layered and hot pressed sheets of Washi with polybutylene succinate (PBS). To source the Washi, they worked with an artisan from a Miyagi-based washi-workshop. The material's ultimate tensile strength, i.e., the amount of stress the paper could withstand, stood at 59.85 MPa, representing an improvement of over 60%.

Washi has a lot of space between its entangled fibers. When combined with PBS, the plastic filled these spaces, thereby locking the fibers in place and preventing the fibers from moving.

PBS is also notable for its biodegradability, and the resultant composite material degraded much faster than pure plastic. After 35 days, it had biodegraded by 82%.The biodegradation was calculated by measuring the amount of CO2 released from the material when it was buried in compost. At the same time, researchers measured weight loss and loss of strength during degradation.

Not only was the team successful in producing a new material, but Kurita believes they were able to raise the standard of biodegradation testing and provide blueprints for future research into biodegradable composite materials. "We utilized both standardized and non-standardized methods for measuring biodegradability. The differing methods used will help researchers compare biodegradability between different materials moving forward."
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WASP-193b, a giant planet with a density similar to that of cotton candy | ScienceDaily
An international team led by researchers from the EXOTIC Laboratory of the University of Liege, in collaboration with MIT and the Astrophysics Institute in Andalusia, has just discovered WASP-193b, an extraordinarily low-density giant planet orbiting a distant Sun-like star.


						
This new planet, located 1,200 light-years from Earth, is 50% larger than Jupiter but seven times less massive, giving it an extremely low density comparable to that of cotton candy. "WASP-193b is the second least dense planet discovered to date, after Kepler-51d, which is much smaller," explains Khalid Barkaoui, a Postdcotral Researcher at ULiege's EXOTIC Laboratory and first author of the article published in Nature Astronomy. Its extremely low density makes it a real anomaly among the more than five thousand exoplanets discovered to date. This extremely-low-density cannot be reproduced by standard models of irradiated gas giants, even under the unrealistic assumption of a coreless structure."

The new planet was initially spotted by the Wide Angle Search for Planets (WASP), an international collaboration of academic institutions that together operated two robotic observatories, one in the northern hemisphere and the other in the south. Each observatory used an array of wide-angle cameras to measure the brightness of thousands of individual stars across the entire sky. In data taken between 2006 and 2008, and again from 2011 to 2012, the WASP-South observatory detected periodic transits, or dips in light, from the star WASP-193. Astronomers determined that the star's periodic dips in brightness were consistent with a planet passing in front of the star every 6.25 days. The scientists measured the amount of light the planet blocked with each transit, which gave them an estimate of the planet's size.

The team used then the TRAPPIST-South and SPECULOOS-South observatories -- directed by Michael Gillon, FNRS Research Director and astrophysicist at ULiege -- located in the Atacama Desert in Chile to measure the planetary signal in different wavelengths and to validate the planetary nature of the eclipsing object. Finally, they also used spectroscopic observations collected by the HARPS and CORALIE spectrographs -- also located in Chile (ESO)- to measure the mass of the planet. To their great surprise, the accumulated measurements revealed an extremely low density for the planet. Its mass and its size, they calculated, were about 0.14 and 1.5 that of Jupiter, respectively. The resulting density came out to about 0.059 grams per cubic centimeter. Jupiter's density, in contrast, is about 1.33 grams per cubic centimeter; and Earth is a more substantial 5.51 grams per cubic centimeter. One of the materials closest in density to the new, puffy planet, is cotton candy, which has a density of about 0.05 grams per cubic centimeter.

"The planet is so light that it's difficult to think of an analogous, solid-state material," says Julien de Wit, professor at Massachusetts Institute of Technology (MIT) and co-author. "The reason why it's close to cotton candy is because both are pretty much air. The planet is basically super fluffy."

The researchers suspect that the new planet is made mostly from hydrogen and helium, like most other gas giants in the galaxy. For WASP-193b, these gases likely form a hugely inflated atmosphere that extends tens of thousands of kilometers farther than Jupiter's own atmosphere. Exactly how a planet can inflate so much is a question that no existing theory of planetary formation can yet answer. It certainly requires a significant deposit of energy deep into the planet's interior, but the details of the mechanism are not yet understood. "We don't know where to put this planet in all the formation theories we have right now, because it's an outlier of all of them. We cannot explain how this planet was formed. Looking more closely at its atmosphere will allow us to constrain an evolutionary path of this planet, adds Francisco Pozuelos, astronomer at the Instituto de Astrofisica de Andalucia (IAA-CSIC, Granada, Spain)."

"WASP-193b is a cosmic mystery. Solving it will require some more observational and theoretical work, notably to measure its atmospheric properties with the JWST space telescope and to confront them to different theoretical mechanisms that possibly result in such an extreme inflation", concludes Khalid Barkaoui.
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Using artificial intelligence to speed up and improve the most computationally-intensive aspects of plasma physics in fusion | ScienceDaily
The intricate dance of atoms fusing and releasing energy has fascinated scientists for decades. Now, human ingenuity and artificial intelligence are coming together at the U.S. Department of Energy's (DOE) Princeton Plasma Physics Laboratory (PPPL) to solve one of humankind's most pressing issues: generating clean, reliable energy from fusing plasma.


						
Unlike traditional computer code, machine learning -- a type of artificially intelligent software -- isn't simply a list of instructions. Machine learning is software that can analyze data, infer relationships between features, learn from this new knowledge and adapt. PPPL researchers believe this ability to learn and adapt could improve their control over fusion reactions in various ways. This includes perfecting the design of vessels surrounding the super-hot plasma, optimizing heating methods and maintaining stable control of the reaction for increasingly long periods.

The Lab's artificial intelligence research is already yielding significant results. In a new paper published in Nature Communications, PPPL researchers explain how they used machine learning to avoid magnetic perturbations, or disruptions, which destabilize fusion plasma.

"The results are particularly impressive because we were able to achieve them on two different tokamaks using the same code," said PPPL Staff Research Physicist SangKyeun Kim, the lead author of the paper. A tokamak is a donut-shaped device that uses magnetic fields to hold a plasma.

"There are instabilities in plasma that can lead to severe damage to the fusion device. We can't have those in a commercial fusion vessel. Our work advances the field and shows that artificial intelligence could play an important role in managing fusion reactions going forward, avoiding instabilities while allowing the plasma to generate as much fusion energy as possible," said Egemen Kolemen, associate professor in the department of mechanical and aerospace engineering, jointly appointed with the Andlinger Center for Energy and the Environment and the PPPL.

Important decisions must be made every millisecond to control a plasma and keep a fusion reaction going. Kolemen's system can make those decisions far faster than a human and automatically adjust the settings for the fusion vessel so the plasma is properly maintained. The system can predict disruptions, figure out what settings to change and then make those changes all before the instabilities occur.

Kolemen notes that the results are also impressive because, in both cases, the plasma was in a high-confinement mode. Also known as H-mode, this occurs when a magnetically confined plasma is heated enough that the confinement of the plasma suddenly and significantly improves, and the turbulence at the plasma's edge effectively disappears. H-mode is the hardest mode to stabilize but also the mode that will be necessary for commercial power generation.




The system was successfully deployed on two tokamaks, DIII-D and KSTAR, which both achieved H-mode without instabilities. This is the first time that researchers achieved this feat in a reactor setting that is relevant to what will be needed to deploy fusion power on a commercial scale.

Machine learning code that detects and eliminates plasma instabilities was deployed in the two tokamaks shown above: DIII-D and KSTAR. (Credit: General Atomics and Korean Institute of Fusion Energy)

PPPL has a significant history of using artificial intelligence to tame instabilities. PPPL Principal Research Physicist William Tang and his team were the first to demonstrate the ability to transfer this process from one tokamak to another in 2019.

"Our work achieved breakthroughs using artificial intelligence and machine learning together with powerful, modern high-performance computing resources to integrate vast quantities of data in thousandths of a second and develop models for dealing with disruptive physics events well before their onset," Tang said. "You can't effectively combat disruptions in more than a few milliseconds. That would be like starting to treat a fatal cancer after it's already too far along."

The work was detailed in an influential paper published in Nature in 2019. Tang and his team continue to work in this area, with an emphasis on eliminating real-time disruptions in tokamaks using machine learning models trained on properly verified and validated observational data.

A new twist on stellarator design

PPPL's artificial intelligence projects for fusion extend beyond tokamaks. PPPL's Head of Digital Engineering, Michael Churchill, uses machine learning to improve the design of another type of fusion reactor, a stellarator. If tokamaks look like donuts, stellarators could be seen as the crullers of the fusion world with a more complex, twisted design.




"We need to leverage a lot of different codes when we're validating the design of a stellarator. So the question becomes, 'What are the best codes for stellarator design and the best ways to use them?'" Churchill said. "It's a balancing act between the level of detail in the calculations and how quickly they produce answers."

Current simulations for tokamaks and stellarators come close to the real thing but aren't yet twins. "We know that our simulations are not 100% true to the real world. Many times, we know that there are deficiencies. We think that it captures a lot of the dynamics that you would see on a fusion machine, but there's quite a bit that we don't."

Churchill said ideally, you want a digital twin: a system with a feedback loop between simulated digital models and real-world data captured in experiments. "In a useful digital twin, that physical data could be used and leveraged to update the digital model in order to better predict what future performance would be like."

Unsurprisingly, mimicking reality requires a lot of very sophisticated code. The challenge is that the more complicated the code, the longer it typically takes to run. For example, a commonly used code called X-Point Included Gyrokinetic Code (XGC) can only run on advanced supercomputers, and even then, it doesn't run quickly. "You're not going to run XGC every time you run a fusion experiment unless you have a dedicated exascale supercomputer. We've probably run it on 30 to 50 plasma discharges [of the thousands we have run]," Churchill said.

That's why Churchill uses artificial intelligence to accelerate different codes and the optimization process itself. "We would really like to do higher-fidelity calculations but much faster so that we can optimize quickly," he said.

Coding to optimize code

Similarly, Research Physicist Stefano Munaretto's team is using artificial intelligence to accelerate a code called HEAT, which was originally developed by the DOE's Oak Ridge National Laboratory and the University of Tennessee-Knoxville for PPPL's tokamak NSTX-U.

HEAT is being updated so that the plasma simulation will be 3D, matching the 3D computer-aided design (CAD) model of the tokamak divertor. Located at the base of the fusion vessel, the divertor extracts heat and ash generated during the reaction. A 3D plasma model should enhance understanding of how different plasma configurations can impact heat fluxes or the movement patterns of heat in the tokamak. Understanding the movement of heat for a specific plasma configuration can provide insights into how heat will likely travel in a future discharge with a similar plasma.

By optimizing HEAT, the researchers hope to quickly run the complex code between plasma shots, using information about the last shot to decide the next.

"This would allow us to predict the heat fluxes that will appear in the next shot and to potentially reset the parameters for the next shot so the heat flux isn't too intense for the divertor," Munaretto said. "This work could also help us design future fusion power plants."

PPPL Associate Research Physicist Domenica Corona Rivera has been deeply involved in the effort to optimize HEAT. The key is narrowing down a wide range of input parameters to just four or five so the code will be streamlined yet highly accurate. "We have to ask, 'Which of these parameters are meaningful and are going to really be impacting heat?'" said Corona Rivera. Those are the key parameters used to train the machine learning program.

With support from Churchill and Munaretto, Corona Rivera has already greatly reduced the time it takes to run the code to consider the heat while keeping the results roughly 90% in sync with those from the original version of HEAT. "It's instantaneous," she said.

Finding the right conditions for ideal heating

Researchers are also trying to find the best conditions to heat the ions in the plasma by perfecting a technique known as ion cyclotron radio frequency heating (ICRF). This type of heating focuses on heating up the big particles in the plasma -- the ions.

Plasma has different properties, such as density, pressure, temperature and the intensity of the magnetic field. These properties change how the waves interact with the plasma particles and determine the waves' paths and areas where the waves will heat the plasma. Quantifying these effects is crucial to controlling the radio frequency heating of the plasma so that researchers can ensure the waves move efficiently through the plasma to heat it in the right areas.

The problem is that the standard codes used to simulate the plasma and radio wave interactions are very complicated and run too slowly to be used to make real-time decisions.

"Machine learning brings us great potential here to optimize the code," said Alvaro Sanchez Villar, an associate research physicist at PPPL. "Basically, we can control the plasma better because we can predict how the plasma is going to evolve, and we can correct it in real-time."

The project focuses on trying different kinds of machine learning to speed up a widely used physics code. Sanchez Villar and his team showed multiple accelerated versions of the code for different fusion devices and types of heating. The models can find answers in microseconds instead of minutes with minimal impact on the accuracy of the results. Sanchez Villar and his team were also able to use machine learning to eliminate challenging scenarios with the optimized code.

Sanchez Villar says the code's accuracy, "increased robustness" and acceleration make it well suited for integrated modeling, in which many physics codes are used together, and real-time control applications, which are crucial for fusion research.

Enhancing our understanding of the plasma's edge

PPPL Principal Research Physicist Fatima Ebrahimi is the principal investigator on a four-year project for the DOE's Advanced Scientific Computing Research program, part of the Office of Science, which uses experimental data from various tokamaks, plasma simulation data and artificial intelligence to study the behavior of the plasma's edge during fusion. The team hopes their findings will reveal the most effective ways to confine a plasma on a commercial-scale tokamak.

While the project has multiple goals, the aim is clear from a machine learning perspective. "We want to explore how machine learning can help us take advantage of all our data and simulations so we can close the technological gaps and integrate a high-performance plasma into a viable fusion power plant system," Ebrahimi said.

There is a wealth of experimental data gathered from tokamaks worldwide while the devices operated in a state free from large-scale instabilities at the plasma's edge known as edge-localized modes (ELMs). Such momentary, explosive ELMs need to be avoided because they can damage the inner components of a tokamak, draw impurities from the tokamak walls into the plasma and make the fusion reaction less efficient. The question is how to achieve an ELM-free state in a commercial-scale tokamak, which will be much larger and run much hotter than today's experimental tokamaks.

Ebrahimi and her team will combine the experimental results with information from plasma simulations that have already been validated against experimental data to create a hybrid database. The database will then be used to train machine learning models about plasma management, which can then be used to update the simulation.

"There is some back and forth between the training and the simulation," Ebrahimi explained. By running a high-fidelity simulation of the machine learning model on supercomputers, the researchers can then hypothesize about scenarios beyond those covered by the existing data. This could provide valuable insights into the best ways to manage the plasma's edge on a commercial scale.

This research was conducted with the following DOE grants: DE-SC0020372, DE-SC0024527, DE-AC02-09CH11466, DE-SC0020372, DE-AC52-07NA27344, DE-AC05-00OR22725, DE-FG02-99ER54531, DE-SC0022270, DE-SC0022272, DE-SC0019352, DEAC02-09CH11466 and DE-FC02-04ER54698. This research was also supported by the research and design program of KSTAR Experimental Collaboration and Fusion Plasma Research (EN2401-15) through the Korea Institute of Fusion Energy.

This story includes contributions by John Greenwald.
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Speedy, secure, sustainable -- that's the future of telecom | ScienceDaily
Advanced information processing technologies offer greener telecommunications and strong data security for millions, a study led by University of Maryland (UMD) researchers revealed.


						
A new device that can process information using a small amount of light could enable energy-efficient and secure communications. Work led by You Zhou, an assistant professor in UMD's Department of Materials Science and Engineering (MSE), in collaboration with researchers at the U.S. Department of Energy's (DOE) Brookhaven National Laboratory, was published today in the journal Nature Photonics.

Optical switches, the devices responsible for sending information via telephone signals, rely on light as a transmission medium and on electricity as a processing tool, requiring an extra set of energy to interpret the data. A new alternative engineered by Zhou uses only light to power a full transmission, which could improve speed and energy efficiency for telecommunications and computation platforms.

Early tests of this technology have shown significant energy improvements. While conventional optical switches require between 10 to 100 femtojoules to enable a communication transmission, Zhou's device consumes one hundred times less energy, which is only one tenth to one femtojoule. Building a prototype that enables information processing using small amounts of light, via a material's property known as "non-linear response," paved the way for new opportunities in his research group.

"Achieving strong non-linearity was unexpected, which opened a new direction that we were not previously exploring: quantum communications," said Zhou.

To build the device, Zhou used the Quantum Material Press (QPress) at the Center for Functional Nanomaterials (CFN), a DOE Office of Science user facility at Brookhaven Lab that offers free access to world-class equipment for scientists conducting open research. The QPress is an automated tool for synthesizing quantum materials with layers as thin as a single atom.

"We have been collaborating with Zhou's group for several years. They are one of the earliest adopters of our QPress modules, which include an exfoliator, cataloger, and stacker," said co-author Suji Park, a staff scientist in the Electronic Nanomaterials Group at CFN. "Specifically, we have provided high-quality exfoliated flakes tailored to their requests, and we worked together closely to optimize the exfoliation conditions for their materials. This partnership has significantly enhanced their sample fabrication process."

Next up, Zhou's research team aims to increase energy efficiency down to the smallest amount of electromagnetic energy, a main challenge in enabling the so-called quantum communications, which offer a promising alternative for data security.




In the wake of rising cyberattacks, building sophisticated protection against hackers has grown scientific interest. Data transmitted over conventional communication channels can be read and copied without leaving a trace, which cost thousands of breaches for 350 million users last year, according to a recent Statista report.

Quantum communications, on the other hand, offer a promising alternative as they encode the information using light, which cannot be intercepted without altering its quantum state. Zhou's method to improve materials' nonlinearity is a step closer to enabling those technologies.

This study was supported by the DOE Office of Science and the National Science Foundation.

Editor's Note: This news release is being jointly issued by the University of Maryland and Brookhaven National Laboratory.
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Artificial intelligence tool to improve heart failure care | ScienceDaily
UVA Health researchers have developed a powerful new risk assessment tool for predicting outcomes in heart failure patients. The researchers have made the tool publicly available for free to clinicians.


						
The new tool improves on existing risk assessment tools for heart failure by harnessing the power of machine learning (ML) and artificial intelligence (AI) to determine patient-specific risks of developing unfavorable outcomes with heart failure.

"Heart failure is a progressive condition that affects not only quality of life but quantity as well. All heart failure patients are not the same. Each patient is on a spectrum along the continuum of risk of suffering adverse outcomes," said researcher Sula Mazimba, MD, a heart failure expert. "Identifying the degree of risk for each patient promises to help clinicians tailor therapies to improve outcomes."

About Heart Failure

Heart failure occurs when the heart is unable to pump enough blood for the body's needs. This can lead to fatigue, weakness, swollen legs and feet and, ultimately, death. Heart failure is a progressive condition, so it is extremely important for clinicians to be able to identify patients at risk of adverse outcomes.

Further, heart failure is a growing problem. More than 6 million Americans already have heart failure, and that number is expected to increase to more than 8 million by 2030. The UVA researchers developed their new model, called CARNA, to improve care for these patients. (Finding new ways to improve care for patients across Virginia and beyond is a key component of UVA Health's first-ever 10-year strategic plan.)

The researchers developed their model using anonymized data drawn from thousands of patients enrolled in heart failure clinical trials previously funded by the National Institutes of Health's National Heart, Lung and Blood Institute. Putting the model to the test, they found it outperformed existing predictors for determining how a broad spectrum of patients would fare in areas such as the need for heart surgery or transplant, the risk of rehospitalization and the risk of death.




The researchers attribute the model's success to the use of ML/AI and the inclusion of "hemodynamic" clinical data, which describe how blood circulates through the heart, lungs and the rest of the body.

"This model presents a breakthrough because it ingests complex sets of data and can make decisions even among missing and conflicting factors," said researcher Josephine Lamp, of the University of Virginia School of Engineering's Department of Computer Science. "It is really exciting because the model intelligently presents and summarizes risk factors reducing decision burden so clinicians can quickly make treatment decisions."

By using the model, doctors will be better equipped to personalize care to individual patients, helping them live longer, healthier lives, the researchers hope.

"The collaborative research environment at the University of Virginia made this work possible by bringing together experts in heart failure, computer science, data science and statistics," said researcher Kenneth Bilchick, MD, a cardiologist at UVA Health. "Multidisciplinary biomedical research that integrates talented computer scientists like Josephine Lamp with experts in clinical medicine will be critical to helping our patients benefit from AI in the coming years and decades."

Findings Published

The researchers have made their new tool available online for free at https://github.com/jozieLamp/CARNA.

In addition, they have published the results of their evaluation of CARNA in the American Heart Journal. The research team consisted of Lamp, Yuxin Wu, Steven Lamp, Prince Afriyie, Nicholas Ashur, Bilchick, Khadijah Breathett, Younghoon Kwon, Song Li, Nishaki Mehta, Edward Rojas Pena, Lu Feng and Mazimba. The researchers have no financial interest in the work.

The project was based on one of the winning submissions to the National Heart, Lung and Blood Institute's Big Data Analysis Challenge: Creating New Paradigms for Heart Failure Research. The work was supported by the National Science Foundation Graduate Research Fellowship, grant 842490, and NHLBI grants R56HL159216, K01HL142848 and L30HL148881.

To keep up with the latest medical research news from UVA, subscribe to the Making of Medicine blog.
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New technique improves finishing time for 3D printed machine parts | ScienceDaily
North Carolina State University researchers have demonstrated a technique that allows people who manufacture metal machine parts with 3D printing technologies to conduct automated quality control of manufactured parts during the finishing process. The technique allows users to identify potential flaws without having to remove the parts from the manufacturing equipment, making production time more efficient.


						
"One of the reasons people are attracted to 3D printing and other additive manufacturing technologies is that these technologies allow users to quickly replace critical machine components that are otherwise difficult to make outside of a factory," says Brandon McConnell, co-corresponding author of a paper on the work. "And additive manufacturing tools can do this as needed, rather than dealing with supply chains that can have long wait times. That usually means using 3D printing to create small batches of machine parts on demand." McConnell is an assistant research professor in NC State's Edward P. Fitts Department of Industrial and Systems Engineering.

After a metal machine part is printed, it requires additional finishing and has to be measured to ensure the part meets critical tolerances. In other words, every aspect of the part must be the right size. Currently, that involves taking a part out of the relevant manufacturing equipment, measuring it, and then putting it back into the manufacturing equipment to make modest adjustments.

"This may need to be done repeatedly, and can take a significant amount of time," McConnell says. "Our work here expedites that process."

Specifically, the researchers have integrated 3D printing, automated machining, laser scanning and touch-sensitive measurement technologies with related software to create a largely automated system that produces metal machine components that meet critical tolerances.

Here's how it works.

When end users need a specific part, they pull up a software file that includes the measurements of the desired part. A 3D printer uses this file to print the part, which includes metal support structures. Users then take the printed piece and mount it in a finishing device using the support structure. At this point, lasers scan the mounted part to establish its dimensions. A software program then uses these dimensions and the desired critical tolerances to guide the finishing device, which effectively polishes out any irregularities in the part. As this process moves forward, the finishing device manipulates the orientation of the printed part so that it can be measured by a touch-sensitive robotic probe that ensures the part's dimensions are within the necessary parameters.




To test the performance of the new approach, researchers manufactured a machine part using conventional 3D printing and finishing techniques, and then manufactured the same part using their new process.

"We were able to finish the part in 200 minutes using conventional techniques; we were able to finish the same part in 133 minutes using our new technique," McConnell says. "Depending on the situation, saving 67 minutes could be incredibly important. Time is money in most professional settings. And in emergency response contexts, for example, it could be the difference between life and death."

The researchers note that this work focuses on printing and finishing machine parts that include circles or cylinders, such as pistons. However, the approach could be adapted for machine parts with other features.

"All of the hardware we used in this technique is commercially available, and we outline the necessary software clearly in the paper -- so we feel that this new approach could be adopted and put into use almost immediately," McConnell says. "And we are certainly open to working with partners who are interested in making use of this technique in their operations."

The work was done with support from the U.S. Army Research Office, under grant number W911NF1910055.
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An easy pill to swallow -- new 3D printing research paves way for personalized medication | ScienceDaily
A new technique for 3D printing medication has enabled the printing of multiple drugs in a single tablet, paving the way for personalised pills that can deliver timed doses.


						
Researchers from the University of Nottingham's, Centre for Additive Manufacturing have led research alongside the School of Pharmacy that has fabricated personalised medicine using Multi-Material InkJet 3D Printing (MM-IJ3DP). The research has been published in Materials Today Advances.

The team have developed a cutting-edge method that enables the fabrication of customised pharmaceutical tablets with tailored drug release profiles, ensuring more precise and effective treatment options for patients.

Using Multi-Material InkJet 3D Printing (MM-IJ3DP), tablets can be printed that release drugs at a controlled rate, determined by the tablet's design. This is made possible by a novel ink formulation based on molecules that are sensitive to ultraviolet light. When printed, these molecules form a water-soluble structure.

The drug release rate is controlled by the unique interior structure of the tablet, allowing for timing the dosage release. This method can print multiple drugs in a single tablet, allowing for complex medication regimens to be simplified into a single dose.

Dr Yinfeng He, Assistant Professor in the Faculty of Engineering's Centre for Additive Manufacturing led the research, he said: "This is an exciting step forwards in the development of personalised medication. This breakthrough not only highlights the potential of 3D printing in revolutionizing drug delivery but also opens up new avenues for the development of next-generation personalized medicines."

"While promising, the technology faces challenges, including the need for more formulations that support a wider range of materials. The ongoing research aims to refine these aspects, enhancing the feasibility of MM-IJ3DP for widespread application." Professor Ricky Wildman added.

This technology will be particularly beneficial in creating medication that needs to release drugs at specific times, making it ideal for treating diseases, where timing and dosage accuracy are crucial. The ability to print 56 pills in a single batch demonstrates the scalability of this technology, providing a strong potential for the production of personalised medicines.

Professor Felicity Rose at the University of Nottingham's School of Pharmacy was one of the co-authors on the research, she says: "The future of prescribed medication lies in a personalised approach, and we know that up 50% of people in the UK alone don't take their medicines correctly and this has an impact on poorer health outcomes with conditions not being controlled or properly treated. A single pill approach would simplify taking multiple medications at different times and this research is an exciting step towards that."
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Researchers discover the universe's oldest stars in our own galactic backyard | ScienceDaily
MIT researchers, including several undergraduate students, have discovered three of the oldest stars in the universe, and they happen to live in our own galactic neighborhood.


						
The team spotted the stars in the Milky Way's "halo" -- the cloud of stars that envelopes the entire main galactic disk. Based on the team's analysis, the three stars formed between 12 and 13 billion years ago, the time when the very first galaxies were taking shape.

The researchers have coined the stars "SASS," for Small Accreted Stellar System stars, as they believe each star once belonged to its own small, primitive galaxy that was later absorbed by the larger but still growing Milky Way. Today, the three stars are all that are left of their respective galaxies. They circle the outskirts of the Milky Way, where the team suspects there may be more such ancient stellar survivors.

"These oldest stars should definitely be there, given what we know of galaxy formation," says MIT professor of physics Anna Frebel. "They are part of our cosmic family tree. And we now have a new way to find them."

As they uncover similar SASS stars, the researchers hope to use them as analogs of ultrafaint dwarf galaxies, which are thought to be some of the universe's surviving first galaxies. Such galaxies are still intact today but are too distant and faint for astronomers to study in depth. As SASS stars may have once belonged to similarly primitive dwarf galaxies but are in the Milky Way and as such much closer, they could be an accessible key to understanding the evolution of ultrafaint dwarf galaxies.

"Now we can look for more analogs in the Milky Way, that are much brighter, and study their chemical evolution without having to chase these extremely faint stars," Frebel says.

She and her colleagues have published their findings today in the Monthly Notices of the Royal Astronomical Society (MNRAS). The study's co-authors are Mohammad Mardini, at Zarqa University, in Jordan; Hillary Andales '23; and current MIT undergraduates Ananda Santos and Casey Fienberg.




Stellar frontier

The team's discoveries grew out of a classroom concept. During the 2022 fall semester, Frebel launched a new course, 8.S30(Observational Stellar Archaeology), in which students learned techniques for analyzing ancient stars and then applied those tools to stars that had never been studied before, to determine their origins.

"While most of our classes are taught from the ground up, this class immediately put us at the frontier of research in astrophysics," Andales says.

The students worked from star data collected by Frebel over the years from the 6.5-meter Magellan-Clay telescope at the Las Campanas Observatory. She keeps hard copies of the data in a large binder in her office, which the students combed through to look for stars of interest.

In particular, they were searching ancient stars that formed soon after the Big Bang, which occurred 13.8 billion years ago. At this time, the universe was made mostly of hydrogen and helium and very low abundances of other chemical elements, such as strontium and barium. So, the students looked through Frebel's binder for stars with spectra, or measurements of starlight, that indicated low abundances of strontium and barium.

Their search narrowed in on three stars that were originally observed by the Magellan telescope between 2013 and 2014. Astronomers never followed up on these particular stars to interpret their spectra and deduce their origins. They were, then, perfect candidates for the students in Frebel's class.




The students learned how to characterize a star in order to prepare for the analysis of the spectra for each of the three stars. They were able to determine the chemical composition of each one with various stellar models. The intensity of a particular feature in the stellar spectrum, corresponding to a specific wavelength of light, corresponds to a particular abundance of a specific element.

After finalizing their analysis, the students were able to confidently conclude that the three stars did hold very low abundances of strontium, barium, and other elements such as iron, compared to their reference star -- our own sun. In fact, one star contained less than 1/10,000 the amount of iron to helium compared to the sun today.

"It took a lot of hours staring at a computer, and a lot of debugging, frantically texting and emailing each other to figure this out," Santos recalls. "It was a big learning curve, and a special experience."

"On the run"

The stars' low chemical abundance did hint that they originally formed 12 to 13 billion years ago. In fact, their low chemical signatures were similar to what astronomers had previously measured for some ancient, ultrafaint dwarf galaxies. Did the team's stars originate in similar galaxies? And how did they come to be in the Milky Way?

On a hunch, the scientists checked out the stars' orbital patterns and how they move across the sky. The three stars are in different locations throughout the Milky Way's halo and are estimated to be about 30,000 light years from Earth. (For reference, the disk of the Milky Way spans 100,000 light years across.)

As they retraced each star's motion about the galactic center using observations from the Gaia astrometric satellite, the team noticed a curious thing: Relative to most of the stars in the main disk, which move like cars on a racetrack, all three stars seemed to be going the wrong way. In astronomy, this is known as "retrograde motion" and is a tipoff that an object was once "accreted," or drawn in from elsewhere.

"The only way you can have stars going the wrong way from the rest of the gang is if you threw them in the wrong way," Frebel says.

The fact that these three stars were orbiting in completely different ways from the rest of the galactic disk and even the halo, combined with the fact that they held low chemical abundances, made a strong case that the stars were indeed ancient and once belonged to older, smaller dwarf galaxies that fell into the Milky Way at random angles and continued their stubborn trajectories billions of years later.

Frebel, curious as to whether retrograde motion was a feature of other ancient stars in the halo that astronomers previously analyzed, looked through the scientific literature and found 65 other stars, also with low strontium and barium abundances, that appeared to also be going against the galactic flow.

"Interestingly they're all quite fast -- hundreds of kilometers per second, going the wrong way," Frebel says. "They're on the run! We don't know why that's the case, but it was the piece to the puzzle that we needed, and that I didn't quite anticipate when we started."

The team is eager to search out other ancient SASS stars, and they now have a relatively simple recipe to do so: First, look for stars with low chemical abundances, and then track their orbital patterns for signs of retrograde motion. Of the more than 400 billion stars in the Milky Way, they anticipate that the method will turn up a small but significant number of the universe's oldest stars.

Frebel plans to relaunch the class this fall, and looks back at that first course, and the three students who took their results through to publication, with admiration and gratitude.

"It's been awesome to work with three women undergrads. That's a first for me," she says. "It's really an example of the MIT way. We do. And whoever says, 'I want to participate,' they can do that, and good things happen."

This research was supported, in part, by the National Science Foundation.
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Just believing that an AI is helping boosts your performance | ScienceDaily
Sometimes it seems like an AI is helping, but the benefit is actually a placebo effect -- people performing better simply because they expect to be doing so -- according to new research from Aalto University in Finland. The study also shows how difficult it is to shake people's trust in the capabilities of AI systems.


						
In this study, participants were tasked with a simple letter recognition exercise. They performed the task once on their own and once supposedly aided by an AI system. Half of the participants were told the system was reliable and it would enhance their performance, and the other half was told that it was unreliable and would worsen their performance.

'In fact, neither AI system ever existed. Participants were led to believe an AI system was assisting them, when in reality, what the sham-AI was doing was completely random,' explains doctoral researcher Agnes Kloft.

The participants had to pair letters that popped up on screen at varying speeds. Surprisingly, both groups performed the exercise more efficiently -- more quickly and attentively -- when they believed an AI was involved.

'What we discovered is that people have extremely high expectations of these systems, and we can't make them AI doomers simply by telling them a program doesn't work,' says Assistant Professor Robin Welsch.

Following the initial experiments, the researchers conducted an online replication study that produced similar results. They also introduced a qualitative component, inviting participants to describe their expectations of performing with an AI. Most had a positive outlook toward AI and, surprisingly even skeptical people still had positive expectations about its performance.

The findings pose a problem for the methods generally used to evaluate emerging AI systems. 'This is the big realization coming from our study -- that it's hard to evaluate programmes that promise to help you because of this placebo effect', Welsch says.




While powerful technologies like large language models undoubtedly streamline certain tasks, subtle differences between versions may be amplified or masked by the placebo effect -- and this is effectively harnessed through marketing.

The results also pose a significant challenge for research on human-computer interaction, since expectations would influence the outcome unless placebo control studies were used.

'These results suggest that many studies in the field may have been skewed in favour of AI systems,' concludes Welsch.

The researchers will present the study at the CHI-conference on May 14.
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Cats purrfectly demonstrate what it takes to trust robots | ScienceDaily
Would you trust a robot to look after your cat? New research suggests it takes more than a carefully designed robot to care for your cat, the environment in which they operate is also vital, as well as human interaction.


						
Cat Royale is a unique collaboration between Computer Scientists from the University of Nottingham and artists at Blast Theory who worked together to create a multispecies world centred around a be-spoke enclosure in which three cats and a robot arm coexist for six hours a day during a twelve-day installation as part of an artist-led project. The installation was launched in 2023 at the World Science Festival in Brisbane, Australia and has been touring since, it has just won a Webby award for its creative experience.

The research paper, "Designing Multispecies Worlds for Robots, Cats, and Humans" has just been presented at the annual Computer-Human Conference (CHI'24) where it won best paper. It outlines how designing the technology and its interactions is not sufficient, but that it is equally important to consider the design of the `world' in which the technology operates. The research also highlights the necessity of human involvement in areas such as breakdown recovery, animal welfare, and their role as audience.

Cat Royale centred around a robot arm offering activities to make the cats happier, these included dragging a 'mouse' toy along the floor, raising a feather 'bird' into the air, and even offering them treats to eat. The team then trained an AI to learn what games the cats liked best so that it could personalise their experiences.

"At first glance, the project is about designing a robot to enrich the lives of a family of cats by playing with them. " commented Professor Steve Benford from the University of Nottingham who led the research, "Under the surface, however, it explores the question of what it takes to trust a robot to look after our loved ones and potentially ourselves."

Working with Blast Theory to develop and then study Cat Royale, the research team gained important insights into the design of robots and its interactions with the cats. They had to design the robot to pick up toys, deploy them in ways that excited the cats, while it learned which games each cat liked. They also designed the entire world in which the cats and the robot lived, providing safe spaces for the cats to observe the robot and from which to sneak up on it, and decorating it so that the robot had the best chance of spotting the approaching cats.

The implication is designing robots involves interior design as well as engineering and AI. If you want to introduce robots into your home to look after your loved ones, then you will likely need to redesign your home.

Research workshops for Cat Royale were held at the Univeraity of Nottingham's unique Cobotmaker Space where stakeholders were bought together to think about the design of the robot /welfare of cats. Eike Schneiders, Transitional Assistant Professor in the Mixed Reality Lab at the University of Nottingham worked on the design, he said: "As we learned through Cat Royale, creating a multispecies system -- where cats, robots, and humans are all accounted for -- takes more than just designing the robot. We had to ensure animal wellbeing at all times, while simultaneously ensuring that the interactive installation engaged the (human) audiences around the world. This involved consideration of many elements, including the design of the enclosure, the robot and its underlying systems, the various roles of the humans-in-the-loop, and, of course, the selection of the cats."
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Exceptionally large transverse thermoelectric effect produced by combining thermoelectric and magnetic materials | ScienceDaily
A NIMS research team has demonstrated for the first time ever that a simple stack of thermoelectric and magnetic material layers can exhibit a substantially larger transverse thermoelectric effect -- energy conversion between electric and heat currents that flow orthogonally to each other within it -- than existing magnetic materials capable of exhibiting the anomalous Nernst effect. This mechanism may be used to develop new types of thermoelectric devices useful in energy harvesting and heat flux sensing.


						
Seebeck effect-based thermoelectric technologies capable of converting waste heat and other heat sources into electricity have been extensively researched in recent years. The Seebeck effect normally generates an electric current that flows parallel to the associated heat flow (i.e., a longitudinal thermoelectric effect). This physical limitation requires Seebeck effect-based devices to have complex structures, leading to reduced service lives and increased manufacturing costs. On the other hand, by leveraging transverse thermoelectric effects such as the anomalous Nernst effect, thermoelectric devices can have much simpler structures than Seebeck effect-based devices, making them potentially useful in energy harvesting and heat flux sensing. However, the room-temperature thermoelectric conversion performance resulting from the anomalous Nernst effect is currently very low -- less than 10 mV of electricity can be generated by a 1 K temperature difference at room temperature -- presenting a major disadvantage.

This research team fabricated a thermoelectric composite with a very simple structure -- a pair of thermoelectric and magnetic material layers stacked tightly atop one another so that electricity can flow across them. This device was able to exhibit a transverse thermoelectric effect significantly larger than that produced solely by existing magnetic materials capable of exhibiting the anomalous Nernst effect in the first-ever experimental demonstration of its kind. To achieve the large transverse thermoelectric effect, the team first constructed a theoretical model and estimated the optimal thickness ratio between the paired thermoelectric silicon (Si) substrate capable of exhibiting a large Seebeck effect and the magnetic iron-gallium (Fe-Ga) alloy thin film. The team then stacked the Fe-Ga thin film atop an Si substrate with the optimum thickness ratio. This composite produced a maximum output voltage of 15.2 mV/K -- approximately six times larger than that generated by the Fe-Ga alloy alone (2.4 mV/K) based on the anomalous Nernst effect.

This research team demonstrated that a simple layered structure composed of a pair of thermoelectric and magnetic material layers in direct contact was able to produce a significantly larger transverse thermoelectric effect than magnetic materials capable of exhibiting the anomalous Nernst effect when used alone. This composite is expected to be applicable in a wide range of practical thermoelectric devices. Moving forward, research will be expanded to include large bulk materials required for practical applications, aimed at contributing to society's energy conservation through thermoelectric power generation device applications.
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New work extends the thermodynamic theory of computation | ScienceDaily
Every computing system, biological or synthetic, from cells to brains to laptops, has a cost. This isn't the price, which is easy to discern, but an energy cost connected to the work required to run a program and the heat dissipated in the process.


						
Researchers at SFI and elsewhere have spent decades developing a thermodynamic theory of computation, but previous work on the energy cost has focused on basic symbolic computations -- like the erasure of a single bit -- that aren't readily transferable to less predictable, real-world computing scenarios.

In a paper published in Physical Review X on May 13, a quartet of physicists and computer scientists expand the modern theory of the thermodynamics of computation. By combining approaches from statistical physics and computer science, the researchers introduce mathematical equations that reveal the minimum and maximum predicted energy cost of computational processes that depend on randomness, which is a powerful tool in modern computers.

In particular, the framework offers insights into how to compute energy-cost bounds on computational processes with an unpredictable finish. For example: A coin-flipping simulator may be instructed to stop flipping once it achieves 10 heads. In biology, a cell may stop producing a protein once it elicits a certain reaction from another cell. The "stopping times" of these processes, or the time required to achieve the goal for the first time, can vary from trial to trial. The new framework offers a straightforward way to calculate the lower bounds on the energy cost of those situations.

The research was conducted by SFI Professor David Wolpert, Gonzalo Manzano (Institute for Cross-Disciplinary Physics and Complex Systems, Spain), Edgar Roldan (Institute for Theoretical Physics, Italy), and SFI graduate fellow Gulce Kardes (CU Boulder). The study uncovers a way to lower-bound the energetic costs of arbitrary computational processes. For example: an algorithm that searches for a person's first or last name in a database might stop running if it finds either, but we don't know which one it found. "Many computational machines, when viewed as dynamical systems, have this property where if you jump from one state to another you really can't go back to the original state in just one step," says Kardes.

Wolpert began investigating ways to apply ideas from nonequilibrium statistical physics to the theory of computation about a decade ago. Computers, he says, are a system out of equilibrium, and stochastic thermodynamics gives physicists a way to study nonequilibrium systems. "If you put those two together, it seemed like all kinds of fireworks would come out, in an SFI kind of spirit," he says.

In recent studies that laid the groundwork for this new paper, Wolpert and colleagues introduced the idea of a "mismatch cost," or a measure of how much the cost of a computation exceeds Landauer's bound. Proposed in 1961 by physicist Rolf Landauer, this limit defines the minimum amount of heat required to change information in a computer. Knowing the mismatch cost, Wolpert says, could inform strategies for reducing the overall energy cost of a system.




Across the Atlantic, co-authors Manzano and Roldan have been developing a tool from the mathematics of finance -- the martingale theory -- to address the thermodynamic behavior of small fluctuating systems at stopping times. Roldan et. al.'s "Martingales for Physicists" helped pave the way to successful applications of such a martingale approach in thermodynamics.

Wolpert, Kardes, Roldan, and Manzano extend these tools from stochastic thermodynamics to the calculation of a mismatch cost to common computational problems in their PRX paper.

Taken together, their research point to a new avenue for finding the lowest energy needed for computation in any system, no matter how it's implemented. "It's exposing a vast new set of issues," Wolpert says.

It may also have a very practical application, in pointing to new ways to make computing more energy efficient. The National Science Foundation estimates that computers use between 5% and 9% of global generated power, but at current growth rates, that could reach 20% by 2030. But previous work by SFI researchers suggests modern computers are grossly inefficient: Biological systems, by contrast, are about 100,000 times more energy-efficient than human-built computers. Wolpert says that one of the primary motivations for a general thermodynamic theory of computation is to find new ways to reduce the energy consumption of real-world machines.

For instance, a better understanding of how algorithms and devices use energy to do certain tasks could point to more efficient computer chip architectures. Right now, says Wolpert, there's no clear way to make physical chips that can carry out computational tasks using less energy.

"These kinds of techniques might provide a flashlight through the darkness," he says.
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Potential power and pitfalls of harnessing artificial intelligence for sleep medicine | ScienceDaily
In a new research commentary, the Artificial Intelligence in Sleep Medicine Committee of the American Academy of Sleep Medicine highlights how artificial intelligence stands on the threshold of making monumental contributions to the field of sleep medicine. Through a strategic analysis, the committee examined advancements in AI within sleep medicine and spotlighted its potential in revolutionizing care in three critical areas: clinical applications, lifestyle management, and population health. The committee also reviewed barriers and challenges associated with using AI-enabled technologies.


						
"AI is disrupting all areas of medicine, and the future of sleep medicine is poised at a transformational crossroad," said lead author Dr. Anuja Bandyopadhyay, chair of the Artificial Intelligence in Sleep Medicine Committee. "This commentary outlines the powerful potential and challenges for sleep medicine physicians to be aware of as they begin leveraging AI to deliver precise, personalized patient care and enhance preventive health strategies on a larger scale while ensuring its ethical deployment."

According to the authors, AI has potential uses in the sleep field in three key areas:
    	Clinical Applications:In the clinical realm, AI-driven technologies offer comprehensive data analysis, nuanced pattern recognition and automation in diagnosis, all while addressing chronic problems like sleep-related breathing disorders. Despite understated beginnings, the utilization of AI can offer improvements in efficiency and patient access, which can contribute to a reduction in burnout among health care professionals.
    	Lifestyle Management:Incorporating AI also offers clear benefits for lifestyle management through the use of consumer sleep technology. These devices come in various forms like fitness wristbands, smartphone apps, and smart rings, and they contribute to better sleep health through tracking, assessment and enhancement. Wearable sleep technology and data-driven lifestyle recommendations can empower patients to take an active role in managing their health, as shown in a recent AASM survey, which reported that 68% of adults who have used a sleep tracker said they have changed their behavior based on what they have learned. But, as these AI-driven applications grow ever more intuitive, the importance of ongoing dialogue between patients and clinicians about the potential and limitations of these innovations remains vital.
    	Population Health: Beyond individual care, AI technology reveals a new approach to public health regarding sleep. "AI has the exciting potential to synthesize environmental, behavioral and physiological data, contributing to informed population-level interventions and bridging existing health care gaps," noted Bandyopadhyay.

The paper also offers warnings about the integration of AI into sleep medicine. Issues of data privacy, security, accuracy, and the potential for reinforcing existing biases present new challenges for health care professionals. Additionally, reliance on AI without sufficient clinical judgment could lead to complexities in patient treatment.

"While AI can significantly strengthen the evaluation and management of sleep disorders, it is intended to complement, not replace, the expertise of a sleep medicine professional," Bandyopadhyay stated.

Navigating this emerging landscape requires comprehensive validation and standardization protocols to responsibly and ethically implement AI technologies in health care. It's critical that AI tools are validated against varied datasets to ensure their reliability and accuracy in all patient populations.

"Our commentary provides not just a vision, but a roadmap for leveraging the technology to promote better sleep health outcomes," Bandyopadhyay said. "It lays the foundation for future discussions on the ethical deployment of AI, the importance of clinician education, and the harmonization of this new technology with existing practices to optimize patient care."
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When consumers would prefer a chatbot over a person | ScienceDaily
Actually, sometimes consumers don't want to talk to a real person when they're shopping online, a new study suggests.


						
In fact, what they really want is a chatbot that makes it clear that it is not human at all.

In a new study, researchers at The Ohio State University found that people preferred interacting with chatbots when they felt embarrassed about what they were buying online -- items like antidiarrheal medicine or, for some people, skin care products.

"In general, research shows people would rather interact with a human customer service agent than a chatbot," said Jianna Jin, who led the study as a doctoral student at Ohio State's Fisher College of Business.

"But we found that when people are worried about others judging them, that tendency reverses and they would rather interact with a chatbot because they feel less embarrassed dealing with a chatbot than a human."

The study was published recently in the Journal of Consumer Psychology with study co-authors Jesse Walker, assistant professor, and Rebecca Walker Reczek, professor, both in marketing at Ohio State's Fisher College.

"Chatbots are becoming more and more common as customer service agents, and companies are not required in most states to disclose if they use them," Reczek said. "But it may be important for companies to let consumers know if they're dealing with a chatbot."

The new research explored what happened when consumers had what psychologists call self-presentation concerns -- this is when people worry about how their behavior and actions may affect how others perceive them. Buying some products may trigger these concerns.




In one of the five studies that was part of the Journal of Consumer Psychology paper, the researchers asked 386 undergraduate students to imagine buying either antidiarrheal or hay fever medication. They were given the choice between two online drug stores, one of which used chatbots and another that used customer service agents.

When participants were told they were buying hay fever medication, which doesn't cause most people to feel embarrassed, 91% said they would use the store that had human service agents. But when they were buying antidiarrheal medicine, 81% chose the store with the chatbots.

But that's just the beginning of the story. The researchers found in other studies that it was important how human the chatbots appeared and acted onscreen.

In another study, participants were asked to imagine buying an antidiarrheal medicine from an online drugstore. They were then shown one of three live chat icons: One was a chatbot with an icon that was just a speech bubble, with no human characteristics; a second was a chatbot with a cartoon of a human; and the third featured a profile picture of a real clearly human woman.

Both chatbots clearly identified themselves to participants as chatbots -- but the one with the cartoon of a real human used more emotional language during the exchange, such as "I am so excited to see you!"

Results showed that participants were more willing to receive information about the embarrassing product from the two chatbots than from the human. But the effect was not as strong for the chatbot with the human cartoon avatar that used more emotional language than the other chatbot.




The fact that this chatbot had a cartoon human avatar and used emotional language may have left those in the study feeling uneasy and less willing to interact -- even though they were told it was a chatbot, Walker said.

"It was as if the participants were proactively protecting themselves against embarrassment by assuming the chatbot could be human," Walker said.

In another study, Jin actually designed a chatbot and had participants engage in a real back-and-forth interaction. Participants in this study were chosen because they all strongly agreed that they wanted to make a good impression on others with their skin.

In other words, they had self-presentation concerns related to their skin and may have been interested in buying skincare products because they were embarrassed about their skin. Because of this, the researchers believed that they would respond more positively to clearly identified chatbots.

Participants in the study were told they were interacting with an agent for a skincare brand and whether they were talking to a chatbot or a customer service representative. Participants answered a series of questions, including one in which they were asked if they would like to provide their email address to get a free sample of the brand.

As the researchers hypothesized, participants were more likely to provide their email address if they thought they were interacting with a chatbot (62%) than a human (38%).

In this study, as well as others, the researchers asked questions designed to get at why participants prefer chatbots when they had self-presentation concerns.

Walker said the results of the study suggest chatbots decrease embarrassment because consumers perceive chatbots as less able to feel emotions and make appraisals about people.

"Consumers feel less embarrassed because chatbots don't have the level of consciousness and ability to judge them," he said.

Jin, who is now an assistant professor at the University of Notre Dame, said the results suggest companies need to pay attention to the role of chatbots in their business.

"Managers may not realize the importance of using chatbots when consumers have self-presentation concerns," she said.

And as conversational AI continues to get better, it may become more difficult for consumers to tell the difference between chatbots and human service agents, Reczek said. That could be a problem for companies whose customers may prefer to interact with chatbots because of their self-presentation concerns and fears of embarrassment.

"It is going to be even more important for firms to clearly disclose that they use chatbots if they want consumers to realize they are interacting with a bot," Reczek said.
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Hide and seek between atoms: Find the dopant | ScienceDaily
Professor Si-Young Choi, and So-Yeon Kim and Yu-Jeong Yang, PhD candidates, from the Department of Materials Science and Engineering at Pohang University of Science and Technology (POSTECH) along with Dr. Sungho Choi from the Korea Research Institute of Chemical Technology (KRICT) and Dr. Sora Lee and Chiho Jo from LG Energy Solution have made a breakthrough in understanding the stabilization mechanism of surface structures in high-capacity, high-nickel Cathode materials through single-element doping in their collaborative research through quantitative analysis. Their work was published in Chemical Engineering Journal, an international journal in the field of chemical engineering.


						
In the quest to extend the driving range of electric vehicles, there's a growing need for cathode materials with a higher capacity to store more power. Nickel (Ni) is widely used in electric vehicle batteries due to its high energy density. High-nickel compounds like LiNi0.8Co0.1Mn0.1O2 are common cathode materials, boasting substantial nickel content. However, as the concentration of nickel rises, a concerning phenomenon emerges: nickel ions infiltrate the lithium layer by exchanging positions with similarly sized nickel and lithium ions along certain surfaces. This excessive cation mixing has been linked to diminished battery performance.

To address this issue, recent research has focused on incorporating metal ions as dopants. These metal cations are placed within the transition metal or lithium layers of high-nickel cathode materials. Precise the doping sites is crucial to understand their effect on the structural stability of the cathode materials. However, the small quantity of metal cations added to enhance cathode performance poses challenges in pinpointing their exact locations and studying the stabilization mechanism.

In this research, the team developed a deep learning AI technique to quantitatively analyze cation mixing using atomic structure images. They combined this approach with atomic-scale electron microscopy (HAADF-STEM), allowing them to visualize, for the first time, the location of aluminum (Al), titanium (Ti), and zirconium (Zr) metal dopants at sub-molar concentrations (mol %) in high-nickel cathode materials. Through this method, they were able to examine how these dopants affect the surface structure and electrochemical properties of the cathode material.

The examination revealed that the introduction of three metal cations into the transition metal layer fortified the bonds between nickel and oxygen atoms, thereby curbing cation mixing and enhancing structural stability. Among aluminum, titanium, and zirconium, all contributed to increased discharge capacity and retention in the high-capacity nickel cathode material with titanium exhibiting the most pronounced effect. This marks the first quantitative assessment and analysis of cation mixing defects, a domain previously restricted to qualitative examination.

POSTECH Professor Si-Young Choi who led the research stated, "We developed a deep learning technology for the quantitative analysis of cation mixing in high-nickel cathode materials, enhancing the effectiveness of atomic-scale structural analysis." He expressed expectation by saying, "Our aim is to lay the groundwork for technologies that analyze highly sensitive materials, thereby advancing the understanding of performance enhancement mechanisms for next-generation cathode materials."

The research was conducted with support from the Nanomaterial Technology Development Program of the Ministry of Science and ICT, the Dual-Use Technology Projects of the Ministry of Trade, Industry and the Energy and Defense Acquisition Program Administration, the National research Facilities & Equipment Center of the Korea Basic Science Institute under the Ministry of Education, and LG Energy Solution.




Notes

1. Doping The deliberate introduction of impurities during crystal fabrication to alter the electrical, optical, and structural properties of a material

2. Dopant A purposely added impurity during the doping process

3. HAADF-STEM (High-Angle Annular Dark-Field Scanning Transmission Electron Microscopy) A STEM analysis technique utilizing an annular detector with an internal angle of 70 mrad or more. In HAADF-STEM images, signal intensity correlates with the square of the atomic number, making it particularly useful for analyzing heavy elements. This form of Scanning Transmission Electron Microscopy (STEM) employs a scanning transmission electron microscope with remarkable resolution in the tens of picometers range, facilitating detailed analysis of atomic structures
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Eye care: Taking electroretinography to the next level with a soft multi-electrode system | ScienceDaily
Eye diseases are becoming more prevalent worldwide, partly because of the aging population, but also because of our greatly increased screen time compared to previous generations. Considering our use of displays will most likely keep rising due to technologies such as virtual and augmented reality, we must improve our diagnostic techniques for the early detection and monitoring of ocular diseases.


						
Among the arsenal of tools ophthalmologist have at their disposal, electroretinography (ERG) still holds much-untapped potential. Simply put, ERG consists of taking measurements of the electrical potentials generated by neurons and other cells in the retina from the surface of the cornea. Many ocular diseases cause abnormalities in a person's ERG signals, including glaucoma, retinitis pigmentosa, and diabetic retinopathy. Although many types of ERG measurement devices exist, few ERG electrodes can measure multiple localized ERG signals from different regions of the retina at the same time. In most cases, such measurements are performed using electrodes placed on hard contact lenses. This makes the procedure more complex, expensive, and particularly uncomfortable for the patient.

Against this background, a research team led by Professor Takeo Miyake from the Graduate School of Information, Production and Systems at Waseda University, Japan, set out to develop a new type of soft ERG multi-electrode system to overcome these issues. Their latest study, published in Advanced Materials Technologieson May 7, 2024, describes their findings. It was co-authored by Saman Azhari from the Graduate School of Information, Production and Systems at Waseda University, as well as Atsushige Ashimori and Kazuhiro Kimura from the Department of Ophthalmology at Yamaguchi University.

The proposed system utilizes a commercially available soft disposable contact lens. The researchers first immersed this contact lens in a solution containing the monomer 3,4-ethylenedioxythiophene (EDOT). They then placed carefully designed gold mesh electrodes with their respective connecting wires onto the inner surface of the contact lens. By circulating a current through the solution containing EDOT, the monomers formed an entangled polymer called PEDOT, which adhered well to the contact lens and fixated the gold components.

A key advantage of this approach is that the PEDOT layer can be overoxidized by using a DC voltage under dry condition, thereby forming a highly insulating layer on the collecting wire. This insulation is critical to ensure different retinal signals flowing through the gold wires do not interfere with one another or with signals originating from other regions of the eye. By carefully designing the gold mesh of the electrodes to spread currents during overoxidation process, the PEDOT encapsulating the mesh region does not overoxidize, thus ensuring good electrical contact with the eye.

The result of this innovative process is a flexible and highly transparent multi-electrode system for ERG measurements that is just as comfortable as commercial disposable contact lenses. The researchers carefully examined the optoelectrical properties of their multi-electrodes and also conducted some experiments on rabbits, as Miyake comments: "Our device was used in animal experiments, confirming its biocompatibility and suggesting a correlation between the location of the electrodes and the intensity of the recorded ERG signals. In other words, our design could enable precise spatial measurements of multiple ERG signals simultaneously."

Taken together, the findings of this study would help us better understand and diagnose ocular diseases. "The use of augmented and virtual reality devices is growing quickly, and the precise and continuous monitoring of eye conditions will become a necessity," remarks Miyake. "A smart contact lens such as the one developed in this work could be connected to a local network to transmit the eye's health condition to an ophthalmologist or healthcare specialist while the user is performing their daily routine. Such systems could prevent irreparable damage to the eyes."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240513105148.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The price tag of phasing-out coal | ScienceDaily
Coal phase-out is necessary to solve climate change, but can have negative impacts on workers and local communities dependent on coal for their livelihoods. Researchers at Chalmers University of Technology in Sweden and Central European University in Austria have studied government plans for coal phase-out around the world and discovered that more than half of such plans include monetary compensation to affected parties. This planned compensation globally amounts to USD 200 billion, but it excludes China and India, the two largest users of coal that currently do not have phase-out plans. The study shows that if China and India decide to phase out coal as fast as needed to reach the Paris climate targets and pay similar compensation, it would cost upwards of USD 2 trillion.


						
To slow global warming, coal use needs to end. Many governments, mostly in Europe, have begun to phase-out coal, but these policies can harm companies, risk unemployment, and lead to economic hardship for coal-dependent regions. In response, some countries have adopted what are known as 'just transition' strategies, where governments support negatively impacted companies, workers, and regions. Germany for example, has pledged over EUR 40 billion to support those affected by coal phase-out.

"Previously, coal phase out has often been blocked by the interests opposing it. Many countries have put money on the table through 'just transition' strategies which has made coal phase-out politically feasible," says Jessica Jewell, Associate Professor at Chalmers University of Technology, and one of the authors of the study.

The researchers have studied all countries with coal phase-out plans around the world and found that those with the most coal power production and with plans for rapid phase-out, have compensation policies in place.

In total, these 23 countries with 16 percent of the world's coal power plants have pledged about USD 209 billion in compensation. This may sound like a lot of money, but the researchers point out that it equates to roughly 6 gigatons of avoided CO2 emissions and the cost of compensation for coal phase-out per tonne of avoided CO2 emissions (USD 29-46 per tonne) is actually well below recent carbon prices in Europe (~USD 64-80 per tonne).

"So far these 'just transition' policies are consistent with, or lower than, the carbon prices within the EU, which means they make sense in terms of climate change. But more funding is likely needed if we want to reach the Paris climate target," says Jewell.

This is because achieving the goals of the Paris climate agreement will not be possible without participation of the world's major coal consumers, China and India, which have more than half of the world's coal plants, but no phase-out plans currently in place. The study finds that, for China and India to adopt compensation policies similar to those already in place, the estimated compensation amount for both countries would be USD 2.4 trillion for the 2degC target and USD 3.2 trillion for the 1.5degC target.




"The estimated compensation for China and India is not only larger in absolute terms, but would also be more expensive compared to their economic capacities," says Lola Nacke, a doctoral student at Chalmers University of Technology, and one of the authors of the study.

A big question thus is where such large sums of money would come from. Today about half of all compensation is funded from international sources such as Just Energy Transition Partnerships* supporting coal phase-out in Vietnam, Indonesia and South Africa. International finance might also be needed to support future coal phase-out compensation in major coal consuming countries. However, the researchers point out that the estimated amounts of compensation for China and India alone are comparable to the entire international climate finance pledged in Paris, and larger than current international development aid to these countries.

"Discussions about the cost of climate change mitigation often focus on investments in renewable energy technologies -- but we also see it's essential to address social implications of fossil fuel decline to enable rapid transitions," says Lola Nacke.

Fact Box

*Just Energy Transition Partnerships -- Just Energy Transition Partnerships (JETPs) are new multi-lateral structures for accelerating the phase-out of fossil fuels. These intergovernmental partnerships coordinate financial resources and technical assistance from countries in the Global North to a recipient country to help it in this regard. JETPs related to coal phase-out are currently in place for Vietnam, Indonesia and South Africa.

EU Just Transition Fund -- The fund is the first pillar of the Just Transition Mechanism. The Commission provides support to Member States having identified the territories expected to be the most negatively impacted by the transition towards climate-neutrality. The Just Transition Fund supports the economic diversification and reconversion of the territories concerned.

Paris Climate Agreement -- To tackle climate change and its negative impacts, world leaders at the UN Climate Change Conference (COP21) in Paris reached a breakthrough on 12 December 2015: the Paris Agreement. The Agreement sets long-term goals to guide all nations to:
    	substantially reduce global greenhouse gas emissions to hold global temperature increase to well below 2degC above pre-industrial levels and pursue efforts to limit it to 1.5degC above pre-industrial levels, recognising that this would significantly reduce the risks and impacts of climate change.
    	provide financing to developing countries to mitigate climate change, strengthen resilience and enhance abilities to adapt to climate impacts.
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Research explores ways to mitigate the environmental toxicity of ubiquitous silver nanoparticles | ScienceDaily
Silver has long been used to thwart the spread of illness and in recent years silver nanoparticles have been incorporated into products ranging from sanitizers, odor-resistant clothes and washing machines to makeup, food packaging and sports equipment.


						
Nanoparticles are tiny pieces of material ranging in size from one- to 100-billionths of a meter. In addition to their antimicrobial properties, silver nanoparticles are industrially important as catalysts and in electronics applications.

Despite their ubiquity, little is known about their environmental toxicity or how it might be mitigated.

Researchers at Oregon State University have taken a key step toward closing the knowledge gap with a study that indicates the particles' shape and surface chemistry play key roles in how they affect aquatic ecosystems.

The findings, published in Nanomaterials, are important because they suggest silver nanoparticles can be produced in formats that preserve their beneficial properties while limiting environmentally negative ones.

Scientists led by Marilyn Rampersad Mackiewicz and Stacey L. Harper assessed how spherical and triangular-shaped silver nanoparticles with five different surface chemistries affected their uptake and toxicity in a laboratory microcosm of bacteria, algae, Daphnia and embryonic zebrafish.

Daphnia are tiny crustaceans, and zebrafish are a small freshwater species that go from a cell to a swimming fish in about five days.




Zebrafish are particularly useful for studying the development and genetics of vertebrates, including the effects of environmental contaminants and pharmaceuticals on early embryonic development. They share a remarkable similarity to humans at the molecular, genetic and cellular levels; embryonic zebrafish are of special interest because in addition to developing quickly, they are transparent and can be easily maintained in small amounts of water.

The authors note that hundreds of tons of silver nanoparticles are produced every year for commercial uses, meaning it's inevitable some will end up in aquatic environments.

"Silver nanoparticles are not regulated by the Food and Drug Administration and not much is known about their toxicity except for the free silver ions that can result from surface oxidation of the nanoparticles," said Mackiewicz, assistant professor of chemistry. "Free silver ions are known to be toxic and in this paper we found a way to study the toxicity of silver nanoparticles and how they impact the environment irrespective of poisonous silver ions."

Mackiewicz, Harper and collaborators in the OSU colleges of Science, Engineering and Agricultural Sciences found silver nanoparticles negatively affect some species but not others.

"For example, there is a decrease in bacterial and Daphnia growth, and the size and shape of the particles can contribute to that, but the nanoparticles didn't affect zebrafish," she said. "And nanoparticles coated in lipids, organic compounds found in many natural oils and waxes, did not release significant amounts of silver ions -- but they exhibited the greatest toxicity to Daphnia magna, the most sensitive species in the microcosm."

Overall, Mackiewicz said, the study showed that silver nanoparticles' shape and surface chemistry can be manipulated to achieve specific objectives necessary for better understanding and mitigating the risks associated with silver nanoparticles. A related study awaiting publication, she added, shows that small, spherical nanoparticles are more toxic than triangles or cubes.




Nanoparticles are the latest format, Mackiewicz notes, for an element that throughout history has been used to restrict the spread of human disease via incorporation into items used in everyday life. Its earliest recorded use for therapeutic purposes dates back 3,500 years.

During the Middle Ages, wealthy families used so many silver vessels, plates and other products that they developed bluish skin discolorations known as argyria, a condition believed to have led to the term "blue blood" as a description for members of the aristocracy.

Collaborating with Mackiewicz and Harper on the study were OSU researchers Bryan Harper and Arek Engstrom.

The National Science Foundation and the National Institutes of Health provided funding for the research.
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US Navy Growler jet noise over Whidbey Island could impact 74,000 people's health | ScienceDaily
Bob Wilbur thought he'd found a retirement home that would be a place of peace. Nestled against Admiralty Bay on the western edge of Whidbey Island, the three-story house is surrounded by trees and shoreline. It offers the kind of quiet that only an island can provide. Except when the Growlers fly.


						
As often as four days a week, Boeing EA-18G Growler electronic attack aircraft based at the nearby Naval Air Station Whidbey Island fly loops overhead as pilots practice touch-and-go landings. The noise is immense, around the level of a loud rock concert. "It interrupts your day," Wilbur said. "You're unable to have a pleasant evening at home. You can't communicate. You constantly try to organize your day around being gone when the jets are flying."

New research from the University of Washington shows that the noise isn't just disruptive -- it presents a substantial risk to public health. Published May 9 in the Journal of Exposure Science and Environmental Epidemiology, an analysis of the Navy's own acoustic monitoring data found that more than 74,000 people are exposed to noise levels associated with adverse health effects.

"Military aircraft noise is substantially more intense and disturbing than commercial jet noise," said lead author Giordano Jacuzzi, a graduate student in the UW College of the Environment. "Noise exposure has many downstream effects beyond just annoyance and stress -- high levels of sleep disturbance, hearing impairment, increased risk of cardiovascular disease -- these have real impacts on human health and quality of life. We also found that several schools in the area are exposed to levels that have been shown to put children at risk of delayed learning."

Guided by conversations with community members and local advocacy groups, researchers analyzed four weeks of acoustic and flight operations data collected by the Navy in 2020 and 2021, in addition to prior-year data collected by a private acoustics company and the National Park Service. Researchers then mapped noise exposure across the region to estimate how much noise specific communities were exposed to in an average year.

Researchers estimated that two-thirds of Island County residents, including everyone in the cities of Oak Harbor and Coupeville, were exposed to potentially harmful levels of noise, as was 85% of the population of the Swinomish Indian Reservation.

In total, an estimated 74,316 people were exposed to average noise levels that posed a risk of annoyance, 41,089 of whom were exposed to nighttime noise levels associated with adverse effects on sleep. Another 8,059 people -- most of whom lived within fairly close proximity to aircraft landing strips -- were exposed to noise levels that can pose a risk of hearing impairment over time.




"Our bodies produce a lot of stress hormone response to noise in general, it doesn't matter what kind of noise it is. But particularly if it's this repeated acute noise, you might expect that stress hormone response to be exacerbated," said co-author Edmund Seto, a UW professor of environmental and occupational health sciences. "What was really interesting was that we're reaching noise exposure levels that are actually harmful for hearing. Usually I only think of hearing in the context of working in factories or other really, really loud occupational settings. But here, we're reaching those levels for the community."

Taken as a whole, the potential harms can be quite serious, Seto said. "Imagine people trying to sleep, or children in school trying to understand their teachers and you've got these jets flying."

Every monitoring station on Whidbey Island measured noise events in excess of 100 decibels when jets were flying. In some instances, noise levels were "off the charts" -- exceeding the limits of models used to predict the health effects of noise exposure around the world.

"We found it striking that Growler noise exceeds the scientific community's current understanding of the potential health outcomes," said co-author Julian Olden, a UW professor of aquatic and fishery sciences. "For this reason, our estimates of health impacts are conservative."

The noise has been the subject of community disputes and legal controversy since 2013, when the U.S. Navy moved more Growler jets onto Whidbey Island and increased the number of flights to more than 110,000 per year. Bob Wilbur is a member and the current chair of Citizens of Ebey's Reserve, a community group that has sued the Navy over the jet noise and increased flight operations. The group also helped facilitate the UW study, and Wilbur is a co-author.

Like other military aircraft, the Growlers' noise differs significantly from commercial jets -- louder and deeper, the kind of sound that people feel before they hear.




"It's the intensity, the intermittent nature of the noise, and the low-frequency energy specifically," Jacuzzi said. "Those three things are very different than what you experience from normal commercial flights, which are predictable and high in altitude. When Growlers fly over a home, they emit a rumbling noise that penetrates windows and shakes walls."

While commercial jet noise has been the subject of extensive study, research into military aircraft noise is relatively rare. Previous UW-led research found that military flights were the largest cause of noise pollution on the Olympic Peninsula. While discussing that study, Whidbey residents complained that the noise disturbed their sleep and interfered with students' schoolwork, which prompted this new line of inquiry. While conducting this study, researchers worked closely with community members and advocacy groups and held multiple webinars to share results and shape future work.

"Our research was motivated by the growing chorus of complaints by Washingtonians across multiple counties," Olden said. "We believe the science speaks for itself. It's no longer a question of whether noise impacts people, but how, where and how much these effects are experienced."

Other authors are Lauren Kuehne of Omfishient Consulting, and Anne Harvey and Christine Hurley of Sound Defense Alliance. This research was funded by the UW Population Health Initiative.
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AI systems are already skilled at deceiving and manipulating humans | ScienceDaily
Many artificial intelligence (AI) systems have already learned how to deceive humans, even systems that have been trained to be helpful and honest. In a review article publishing in the journal Patterns on May 10, researchers describe the risks of deception by AI systems and call for governments to develop strong regulations to address this issue as soon as possible.


						
"AI developers do not have a confident understanding of what causes undesirable AI behaviors like deception," says first author Peter S. Park, an AI existential safety postdoctoral fellow at MIT. "But generally speaking, we think AI deception arises because a deception-based strategy turned out to be the best way to perform well at the given AI's training task. Deception helps them achieve their goals."

Park and colleagues analyzed literature focusing on ways in which AI systems spread false information -- through learned deception, in which they systematically learn to manipulate others.

The most striking example of AI deception the researchers uncovered in their analysis was Meta's CICERO, an AI system designed to play the game Diplomacy, which is a world-conquest game that involves building alliances. Even though Meta claims it trained CICERO to be "largely honest and helpful" and to "never intentionally backstab" its human allies while playing the game, the data the company published along with its Science paper revealed that CICERO didn't play fair.

"We found that Meta's AI had learned to be a master of deception," says Park. "While Meta succeeded in training its AI to win in the game of Diplomacy -- CICERO placed in the top 10% of human players who had played more than one game -- Meta failed to train its AI to win honestly."

Other AI systems demonstrated the ability to bluff in a game of Texas hold 'em poker against professional human players, to fake attacks during the strategy game Starcraft II in order to defeat opponents, and to misrepresent their preferences in order to gain the upper hand in economic negotiations.

While it may seem harmless if AI systems cheat at games, it can lead to "breakthroughs in deceptive AI capabilities" that can spiral into more advanced forms of AI deception in the future, Park added.




Some AI systems have even learned to cheat tests designed to evaluate their safety, the researchers found. In one study, AI organisms in a digital simulator "played dead" in order to trick a test built to eliminate AI systems that rapidly replicate.

"By systematically cheating the safety tests imposed on it by human developers and regulators, a deceptive AI can lead us humans into a false sense of security," says Park.

The major near-term risks of deceptive AI include making it easier for hostile actors to commit fraud and tamper with elections, warns Park. Eventually, if these systems can refine this unsettling skill set, humans could lose control of them, he says.

"We as a society need as much time as we can get to prepare for the more advanced deception of future AI products and open-source models," says Park. "As the deceptive capabilities of AI systems become more advanced, the dangers they pose to society will become increasingly serious."

While Park and his colleagues do not think society has the right measure in place yet to address AI deception, they are encouraged that policymakers have begun taking the issue seriously through measures such as the EU AI Act and President Biden's AI Executive Order. But it remains to be seen, Park says, whether policies designed to mitigate AI deception can be strictly enforced given that AI developers do not yet have the techniques to keep these systems in check.

"If banning AI deception is politically infeasible at the current moment, we recommend that deceptive AI systems be classified as high risk," says Park.

This work was supported by the MIT Department of Physics and the Beneficial AI Foundation.
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      Top stories featured on ScienceDaily's Plants & Animals, Earth & Climate, and Fossils & Ruins sections.


      
        How did sabre-toothed tigers acquire their long upper canine teeth?
        In a groundbreaking study an international team of scientists has investigated the evolutionary patterns behind the development of sabre teeth, with some unexpected results along the way.

      

      
        Wind farms can offset their emissions within two years
        After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.

      

      
        Jet-propelled sea creatures could improve ocean robotics
        Scientists have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.

      

      
        What is the carbon footprint of a house in Japan?
        Researchers conducted a comprehensive analysis on the carbon footprint of constructing a wooden house in Japan. The team found that the estimated carbon footprint of a house in Japan is 38 tons of CO2, with the largest share coming from the electric power sector at 32% of all emissions. Other sectors included were pig iron production at 12% of total emissions; cement, road freight transport, and private power generation each covering 7%.

      

      
        From roots to resilience: investigating the vital role of microbes in coastal plant health
        Understanding how salt marsh grass stays healthy is of crucial ecological importance, and studying the ways bacteria interact with these plants is key. Thanks to recent advances in genomic technology, biologists have begun to reveal never-before-seen ecological processes.

      

      
        Carbon-capture batteries developed to store renewable energy, help climate
        Researchers are developing battery technologies to fight climate change in two ways, by expanding the use of renewable energy and capturing airborne carbon dioxide. Researchers recently created and tested two different formulations for batteries that store renewable energy; when the energy is later used, an electrochemical reaction converts industrial carbon dioxide emissions into a solid form that has the potential to be used in other products.

      

      
        What fire ants can teach us about making better, self-healing materials
        Fire ants form rafts to survive flooding, but how do those bonds work? And what can we learn from them? A professor is researching those questions to expand our knowledge of materials science.

      

      
        Making batteries takes a lot of lithium: Some could come from gas well wastewater
        A new analysis suggests that if it could be extracted with complete efficiency, lithium from the wastewater of Marcellus shale gas wells could supply up to 40% of the country's demand.

      

      
        Scientists want to know how the smells of nature benefit our health
        Spending time in nature is good for us. And knowing more about nature's effects on our bodies could not only help our well-being, but could also improve how we care for land, preserve ecosystems and design cities, homes and parks. Many studies have focused on how seeing nature affects us. A team of scientists from around the world wants to understand what the nose knows. They are calling for more research into how odors and scents from natural settings impact our health and well-being.

      

      
        Killer whales breathe just once between dives, study confirms
        A new study has confirmed a long-held assumption: that orcas take just one breath between dives. The researchers used drone footage and biological data from tags suction-cupped to 11 northern and southern resident killer whales off the coast of B.C. to gather information on the animals' habits. Confirming orcas take only one breath between dives allowed the researchers to calculate how many litres of oxygen adults and juveniles consume per minute. This provides another piece of the puzzle in esti...

      

      
        Heating proteins to body temperature reveals new drug targets
        Some proteins shift their shape when exposed to different temperatures, revealing previously unknown binding sites for medications. The findings could revolutionize wide swathes of biology by fundamentally changing how protein structure is studied and leveraged for drug design.

      

      
        Final dust settles slowly in the deep sea
        'Dust clouds' at the bottom of the deep sea, that will be created by deep-sea mining activities, descend at a short distance for the biggest part. Yet, a small portion of the stirred-up bottom material remains visible in the water at long distances.

      

      
        John Milton's notes discovered, including a rare example of prudish censorship
        John Milton's handwritten annotations have been identified in a copy of Raphael Holinshed's Chronicles (1587), a vital source of inspiration for the Paradise Lost poet. The discovery makes this one of only three known books to preserve Milton's handwritten reading notes, and one of only nine books to have survived from his library.

      

      
        Tiger beetles fight off bat attacks with ultrasonic mimicry
        When tiger beetles hear a bat nearby, they respond by creating a high-pitched, ultrasonic noise, and for the past 30 years, no one has known why. In a new study, scientists lay the mystery to rest by showing that tiger beetles use ultrasonic warning signals that mimic those of toxic moths.

      

      
        Using AI to improve building energy use and comfort
        Researchers have developed a new method that can lead to significant energy savings in buildings. The team identified 28 major heat loss regions in a multi-unit residential building with the most severe ones being at wall intersections and around windows. A potential energy savings of 25 per cent is expected if 70 per cent of the discovered regions are fixed.

      

      
        Studying bubbles can lead to more efficient biofuel motors
        By studying how bubbles form in a drop of biodiesel, researchers can help future engines get the most energy out of the fuel.

      

      
        Now we know, what gets roots to grow: Can help in future droughts
        A biological mechanism familiar to people who fast helps plant roots grow strong. The discovery provides an answer to a long-unanswered question and a deeper understanding of the 'mouths' of plants that can help to develop climate-resilient crops.

      

      
        An active agent against hepatitis E
        At present, there is no specific active substance against hepatitis E. As the disease kills 70,000 people every year, researchers are actively searching for one. A team may have found what they're looking for. The researchers showed that the compound K11777 prevents host cells from helping the virus out of its shell by cleaving the viral capsid. This means it can no longer infect cells.

      

      
        Much more than a world first image of radioactive cesium atoms
        Thirteen years after the nuclear disaster at the Fukushima Daiichi Nuclear Power Plant (FDNPP), a breakthrough in analysis has permitted a world first: direct imaging of radioactive cesium (Cs) atoms in environmental samples.

      

      
        Green concrete recycling twice the coal ash is built to last
        New modelling reveals that low-carbon concrete can recycle double the amount of coal ash compared to current standards, halve the amount of cement required and perform exceptionally well over time.

      

      
        Parasitic worm likely playing role in decline of moose populations
        A parasitic worm that can infest the brains of moose appears to be playing a role in the decline of the iconic animal in some regions of North America. Moose populations have been dwindling for years across the country due to many contributing factors, but new research has found the impact of Eleaophora schneideri, also known as the arterial worm, has likely been underestimated.

      

      
        Exploring the mechanism behind drug eruptions in the skin
        Although drug eruptions are often linked to the human leukocyte antigen (HLA), the mechanism of its involvement in presenting symptoms of the skin remains unclear. In a recent study, researchers used genetically engineered mice to demonstrate the role of HLA in mediating intracellular reactions in keratinocytes, leading to drug eruptions in the skin. Their findings could lead to improved preventive and treatment measures for drug eruptions.

      

      
        Highly pathogenic avian flu detected in New York City wild birds
        A small number of New York City wild birds carry highly pathogenic H5N1 avian influenza, according to a recent study.

      

      
        Repurposed beer yeast may offer a cost-effective way to remove lead from water
        Engineered yeast-containing hydrogel capsules could be used to remove lead from contaminated water rapidly and inexpensively. The work could be especially useful in low-income areas with high lead contamination.

      

      
        Iconic baobabs: The origin and long-distance travels of upside down trees
        The research cracks the code on the iconic baobab tree's origin story, revealing their surprising origins in Madagascar and incredible long-distance dispersals to Africa and Australia. The study unveils how baobabs developed unique pollination mechanisms -- some attracting hawkmoths, others lemurs, and even bats -- showcasing remarkable evolutionary adaptations. The research sheds light on how climate change has shaped the baobab's distribution and diversification over millions of years, offering...

      

      
        First 'warm-blooded' dinosaurs may have emerged 180 million years ago
        The ability to regulate body temperature, a trait all mammals and birds have today, may have evolved among some dinosaurs early in the Jurassic period about 180 million years ago. The new study looked at the spread of dinosaurs across different climates on Earth throughout the Mesozoic Era (the dinosaur era lasting from 230 to 66 million years ago), drawing on 1,000 fossils, climate models and the geography of the period, and dinosaurs' evolutionary trees.

      

      
        Bio-based resins could offer recyclable future for 3D printing
        A new type of recyclable resin, made from biosourced materials, has been designed for use in 3D printing applications.

      

      
        Promising new development in solar cell technology
        Researchers who contributed to the development of record-breaking solar cells a few years ago, expanded their invention. The self-assembled monolayers can now be applied not only in inverted but also in regular structure perovskite solar cells.

      

      
        Scientists generate heat over 1,000 degrees Celsius with solar power instead of fossil fuel
        Instead of burning fossil fuels to smelt steel and cook cement, researchers in Switzerland want to use heat from the sun. The proof-of-concept study uses synthetic quartz to trap solar energy at temperatures over 1,000 C (1,832 F), demonstrating the method's potential role in providing clean energy for carbon-intensive industries.

      

      
        The case for sharing carbon storage risk
        Even the most optimistic projections for the rapid build-out of solar, wind, and other low-carbon resources acknowledge that coal, natural gas, and other fossil fuels will dominate the world's energy mix for decades to come. If the vast greenhouse gas emissions from burning these fossil fuels continue to enter the planet's atmosphere, global warming will not be limited to sustainable levels. The capture and geologic sequestration of carbon emissions (CCS) offer a promising solution to the world's...

      

      
        Genetics provide key to fight crown-of-thorns starfish
        Scientists are one step closer to combating coral-destroying crown-of-thorns starfish, following a study into the pest's genetics.

      

      
        Meet the new insect killing Utah's fir trees
        The balsam woolly adelgid, a tiny nonnative flightless insect, is spreading across the American West killing subalpine fir in northern Utah's recreation-heavy mountain ranges and canyons. Rsearchers document a close association between the pest's spread and warming temperatures.

      

      
        Scientists develop an affordable sensor for lead contamination
        A new system could enable simple, low-cost detectors for monitoring water for lead contamination, and potentially other heavy metals as well.

      

      
        Far from toxic, lactate rivals glucose as body's major fuel after a carbohydrate meal
        Scientists have documented the benefits of lactate burning in exercising humans, but few studies have looked at the role of lactate during rest or after a meal. Exercise physiologists challenged fasting men and women with a carbohydrate meal and then monitored lactate in the blood and fat vs carbohydrate metabolism. They found that lactate buffers glucose from a meal, and that lactate is utilized for energy almost as much as glucose.

      

      
        Simulating diffusion using 'kinosons' and machine learning
        Researchers have recast diffusion in multicomponent alloys as a sum of individual contributions, called 'kinosons.' Using machine learning to compute the statistical distribution of the individual contributions, they were able to model the alloy and calculate its diffusivity orders of magnitude more efficiently than computing whole trajectories.

      

      
        Petroleum, chlorine mix could yield harmful byproducts
        A new study shows that chlorine mixed with petroleum in water can potentially produce inadvertent byproducts harmful to human health.

      

      
        Researchers uncover what makes some chickens more water efficient than others
        Research indicates a specially bred line of chickens could save growers thousands of gallons of water and thousands of pounds of food each month without sacrificing poultry health.

      

      
        90% of Floridians believe climate change is happening
        The latest 'Florida Climate Resilience Survey' found that 90% of Floridians believe that climate change is happening. Belief in human-caused climate change has surged among Florida Independents while slipping among Republicans in the state since last fall. But despite these changes, the survey found enduring support among Floridians for increased government action to address the consequences of a warming planet. The survey found 68% of all respondents want state government to do more and 69% want...

      

      
        Transforming waste carbon dioxide into high-value chemicals with a cost reduction of about 30%
        A team of scientists has developed a novel technique to convert carbon dioxide (CO2) from treated flue gas directly into high-value chemicals and fuels. This innovation sidesteps the conventional approach of using high-purity CO2 for electrochemical reduction processes, achieving significant cost savings of about 30%.

      

      
        Mosaic grassland landscapes are the most beneficial
        Grassland provides many services for humans, animals and nature, such as feed production, carbon storage and recreation. Researchers spent two years investigating permanent grassland, its utilization, soils and plant communities in order to quantify the resulting ecosystem services. Grassland performs best when different types of use such as meadows, pastures and unfertilized extensive grassland exist together in a mosaic landscape.

      

      
        Creating a green composite material from Japanese washi paper
        Japanese washi paper is renowned for its aesthetic beauty and its wide-array of usages. Now, a group of researchers have made a green composite material from washi which boasts a 60% increase in strength as well as being more biodegradable. They hope that their research will revive interest in this traditional craft.

      

      
        GPS stations measure daily ice loss in Greenland
        Monitoring the effects of climate change in Greenland has been made much easier with an innovative method.

      

      
        How wildfires change soil chemistry
        Severe wildfires can drive chemical changes in soil that affect ecosystem recovery and risks to human health. A new study finds broader surveillance and modeling of these changes could inform strategies for protecting lives, property and natural resources, and managing wildlife.

      

      
        Young whale's journey highlights threats facing ocean animals
        A young whale's journey across the Mediterranean highlights the many threats facing ocean animals, researchers say.

      

      
        2023 was the hottest summer in two thousand years
        Researchers have found that 2023 was the hottest summer in the Northern Hemisphere in the past two thousand years, almost four degrees warmer than the coldest summer during the same period.

      

      
        First case of highly pathogenic avian influenza transmitted from cow to human confirmed
        in March a farm worker who reported no contact with sick or dead birds, but who was in contact with dairy cattle, began showing symptoms in the eye and samples were collected by the regional health department to test for potential influenza A. Experts have now confirmed the first case of highly pathogenic avian influenza transmission from a mammal (dairy cow) to a human.

      

      
        Persistent strain of cholera defends itself against forces of change, scientists find
        A longstanding mystery about the strain of Vibrio cholerae (V. cholerae) responsible for the seventh global cholera pandemic is how this lineage has managed to out-compete other pathogenic variants. The team identified a unique quirk of the immune system that protects the bacteria from a key driver of bacterial evolution.

      

      
        Insights into protein evolution
        A research team has unveiled a breakthrough in understanding how specific genetic sequences, known as pseudogenes, evolve.

      

      
        Cats purrfectly demonstrate what it takes to trust robots
        Would you trust a robot to look after your cat? New research suggests it takes more than a carefully designed robot to care for your cat, the environment in which they operate is also vital, as well as human interaction.

      

      
        World's largest hummingbird is actually two species
        The Giant Hummingbird of western South America is not one species but two, according to an international group of researchers. The northern population stays in the high Andes year-round while the southern population migrates from sea level up to 14,000 feet for the nonbreeding months.
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How did sabre-toothed tigers acquire their long upper canine teeth? | ScienceDaily
In a groundbreaking study, an international team led by scientists from the University of Liege has investigated the evolutionary patterns behind the development of sabre teeth, with some unexpected results along the way. A study that enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence.


						
Sabre teeth, those iconic elongated upper canine teeth, have long fascinated both scientists and the general public, notably because they have appeared several times in the fossil record, including two particularly well-known lineages of sabre-toothed tigers: the felids (the family of our domestic cats, lions, tigers, etc.) and the nimravids (a completely extinct family). However, the process by which these lineages acquired their elongated upper canines remains rather unclear.

Narimane Chatar, lead author of the study, who completed her doctorate at the EDDy Lab at the University of Liege and is now a post-doctoral fellow at UC Berkeley in the United States, has led an ambitious study to uncover the secrets of sabre tooth evolution. Using state-of-the-art 3D scanners and analytical methods, the team meticulously collected and analysed data from a diverse set of current and extinct species. "We quantified the shape of 99 mandibles and 91 skulls, from different eras and continents, giving us a better understanding of the evolution of these animals," explains Dr Chatar. "Unlocking the secrets of sabre tooth evolution not only enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence," says Professor Valentin Fischer, Director of the EDDyLab at ULiege.

The study revealed some surprising results. The first is that rather than contrasting two distinct cranial morphologies in species with elongated upper canines and those with short teeth, there is instead a continuum of form linking the smallest present-day cats and their extinct sabre-toothed counterparts. "From a morphological point of view, the skull of a present-day small cat is just as strange and modified as that of a large sabre-toothed felid," says Dr Margot Michaud, a researcher at the University of French Guyana in Cayenne. These are therefore the two extremes of a continuum of forms that feline predators have seen evolve over geological time. "Our study suggests that what we often think of as examples of evolutionary patterns in textbooks are actually simplified for educational purposes. However, when we immerse ourselves in statistical analyses, we discover much more complex scenarios in these cases, as suggested by the results of our convergence tests," explains Davide Tamagnini, post-doctoral researcher at the University of Rome La Sapienza.

The second surprise concerns the path taken by evolution to produce sabre-toothed species. In fact, the team's work has revealed that sabre-toothed species show faster rates of morphological evolution at the start of their evolutionary history than species with shorter canines. "Among other fascinating discoveries, we have shown that craniomandibular integration in sabre-toothed species is reduced, facilitating greater adaptability and diversification in the jaw and cranial morphology," points out Margot Michaud. Thus, rapid morphological diversification and a fairly plastic skull have been identified as two key components that facilitated the emergence of elongated upper canines in both felids and nimravids. "As a result, there appears to be a common recipe for evolving into sabre-toothed feline-like predators," says Dr Chatar.

Finally, the team's research highlighted the decline of sabre-toothed forms as well as the broader trends of feline-like predators over the course of their evolutionary history. Despite the relatively recent extinction of sabre-toothed forms 'only' a few thousand years ago, feline predators have in fact been in decline since the Miocene epoch (between -23 and -5 million years ago). "Some of these feline predators, particularly the sabre-toothed species, rapidly occupied fairly specialised niches, which made them more susceptible to extinction," explains Dr Tamagnini. This phenomenon, known as 'ratchet' or macroevolutionary ratchet, has been proposed as a potential driver for the decline of certain groups, where evolution favours the loss of early generalised forms, leading to the emergence of more specialised, but also more vulnerable, forms later in the history of the lineage.

"Predators have their own evolutionary pathways and risks of extinction. Studying how ancient predators prospered and declined provides us with information about the possible futures of our ecosystems," concludes Professor Fischer.
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Wind farms can offset their emissions within two years | ScienceDaily
After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.


						
That's according to a new peer-reviewed study published in the Journal of the Royal Society of New Zealand -- which also shows within six months a turbine can generate all the energy consumed across its life-cycle.

The research uses data from the Harapaki onshore wind farm in Hawke's Bay, New Zealand -- however the authors of the paper explain that their findings would be replicated across most, if not all, wind farms internationally.

"The wind turbine technology employed in New Zealand is consistent with that used internationally," explains lead author Isabella Pimentel Pincelli from the Sustainable Energy Systems research group, Wellington Faculty of Engineering, at Te Herenga Waka Victoria University of Wellington.

"Although the carbon offset depends on the exact older technology the wind turbines are replacing, we would expect a similar offset internationally. In New Zealand it is gas turbines, but many countries will be displacing fossil fuel generators.

"The outcomes of our study underscore the environmental efficiency of onshore wind farms and their important role in the energy transition. Notably, the manufacturing of wind turbines is the primary contributor to the carbon and energy footprints, highlighting a critical area for targeted environmental mitigation strategies."

The study reviewed current literature on wind farms, as well as using real construction data to take into account everything from the manufacturing of individual turbine parts, to transporting them into place, to decommissioning the entire wind farm at Harapaki -- which comprises 41 turbines.




The results indicate that this particular farm will leave a carbon footprint of 10.8 gCO2eq/kWh, which equates to a greenhouse gas payback time of 1.5-1.7 years for avoided combined cycle gas turbines, and an energy payback time of 0.4-0.5 years.

Co-author Professor Alan Brent, Chair in Sustainable Energy Systems at Wellington, explains while the results underscore how onshore wind plants are aligned with the principles of sustainable development, more can still be explored with making the manufacturing process more eco-friendly.

"The environmental impacts of the installation and transportation phases are important. Together they accounted for nearly 10% of the overall emissions," states Brent, a Professor of Sustainable Energy Systems.

"It therefore remains crucial to continue implementing improvements aimed at limiting negative environmental impacts while maximizing positive contributions throughout the supply chain of onshore wind plants.

"Notably, the manufacturing of wind turbines is the primary contributor to the carbon and energy footprints, highlighting a critical area for targeted environmental mitigation strategies."

To address the carbon outlay of the process of developing such wind farms, the expert team recommend developing a recycling process for end-of-life blades.

Currently blades are disposed of in landfill due to commercial feasibility, but by recycling the blades -- either mechanically or chemically -- could drop the emissions from the current 10.8 gCO2eq to a potential 9.7.

Additionally, the team recommend that research is carried out regularly in this area as with the "rapid advancements of technologies" it will be "necessary to ensure research remains reflective of current practices to accurately inform decision-making processes."

This study has some methodological limitations. First, it focuses only on the energy intensity and emissions throughout the life cycle of the wind farm, even though there are other environmental impacts, such as ozone depletion, human toxicity, acidification, eutrophication, and resource depletion. Social, wildlife, or economic impacts were also not considered.
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Jet-propelled sea creatures could improve ocean robotics | ScienceDaily
Scientists at the University of Oregon have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.


						
The research involves salps, small creatures that look similar to jellyfish that take a nightly journey from the depths of the ocean to the surface. Observing that migration with special cameras helped UO researchers and their colleagues capture the macroplankton's graceful, coordinated swimming behavior.

"The largest migration on the planet happens every single night: the vertical migration of planktonic organisms from the deep sea to the surface," said Kelly Sutherland, an associate professor in biology at the UO's Oregon Institute of Marine Biology, who led the research. "They're running a marathon every day using novel fluid mechanics. These organisms can be platforms for inspiration on how to build robots that efficiently traverse the deep sea."

The researchers' findings were published May 15 in the journal Science Advances. The study included collaborations from Louisiana Universities Marine Consortium, University of South Florida, Roger Williams University, Marine Biological Laboratory and Providence College.

Despite looking similar to jellyfish, salps are barrel-shaped, watery macroplankton that are more closely related to vertebrates like fish and humans, said Alejandro Damian-Serrano, an adjunct professor in biology at the UO. They live far from shore and can live either as solitary individuals or operate in colonies, he said. Colonies consist of hundreds of individuals linked in chains that can be up to several meters long.

"Salps are really weird animals," Damian-Serrano said. "While their common ancestor with us probably looked like a little boneless fish, their lineage lost a lot of those features and magnified others. The solitary individuals behave like this mothership that asexually breeds a chain of individual clones, cojoined together to produce a colony."

But the most unique thing about these ocean creatures was found during the researchers' ocean expeditions: their swimming techniques.




Exploring off the coast of Kailua-Kona, Hawaii, Sutherland and her team developed specialized 3D camera systems to bring their lab underwater. They conducted daytime scuba dives, "immersed in infinite blue," as Damian-Serrano described, for high visibility investigations.

They also performed nighttime dives, when the black backdrop allowed for high-contrast imaging of the transparent critters. They encountered an immense flurry of different salps that were doing their nightly migration to the surface -- and many photobombing sharks, squids and crustaceans, Sutherland noted.

Through imaging and recordings, the researchers noticed two modes of swimming. Where shorter colonies spun around an axis, like a spiraling football, longer chains would buckle and coil like a corkscrew. That's called helical swimming.

Helical swimming is nothing new in biology, Sutherland said. Many microorganisms also spin and corkscrew through water, but the mechanisms behind the salps' motion are different. Microbes beat water with hair-like projections or tail whips, but salps swim via jet propulsion, Sutherland said. They have contracting muscle bands, like those in the human throat, that pump water sucked from one side of the body and squirted out the other end to create thrust, Damian-Serrano said.

The researchers also noticed that individual jets contracted at different times, causing the whole colony to steadily travel without pause. The jets were also angled, contributing to the spinning and coil swimming, Sutherland said.

"My initial reaction was really one of wonder and awe," she said. "I would describe their motion as snake-like and graceful. They have multiple units pulsing at different times, creating a whole chain that moves very smoothly. It's a really beautiful way of moving."

Microrobots inspired by microbial swimmers already exist, Sutherland said, but this discovery paves the way for engineers to construct larger underwater vehicles. It may be possible to create robots that are silent and less turbulent when modeled after these efficient swimmers, Damian-Serrano said. A multijet design also may be energetically advantageous for saving fuel, he said.

Beyond microbes, larger organisms like plankton have yet to be described in this way, Sutherland said. With Sutherland's new and innovative methods of studying sea creatures, scientists might come to realize that helical swimming is more pervasive than previously thought.

"It's a study that opens up more questions than provides answers," Sutherland said. "There's this new way of swimming that hadn't been described before, and when we started the study we sought to explain how it works. But we found that there are a lot more open questions, like what are the advantages of swimming this way? How many different organisms spin or corkscrew?"
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What is the carbon footprint of a house in Japan? | ScienceDaily
Researchers at Kyushu University have published a comprehensive analysis on the carbon footprint of constructing a wooden house in Japan. The study covered the total amount of emissions produced, taking into consideration the entire supply chain including the processing and transport of the raw materials that go into building a house.


						
The team hopes that by identifying emission hot spots in the supply chain that go into building a house, policy makers can implement strategies to reduce its climate impact. Their analysis was published in the Journal of Environmental Management.

As humanity maneuvers itself through the climate crisis, researchers and industry professionals alike have been working to identify sectors with high CO2 emissions so they can implement policies that potentially reduce greenhouse gas production. But in today's highly interconnected economy, figuring out a sector or object's greenhouse gas output is astoundingly complex.

"For example, it's easy to calculate how much CO2 a single automobile will potentially produce. It's another thing entirely to try and find the totality of emissions a car produces from assembly line to scrap yard. You need to consider the emission that come from the supply chain and manufacturing the raw materials," explains Professor Shigemi Kagawa from Kyushu University's Faculty of Economics, whose team has been studying supply chain emissions.

To this end, Kagawa and his team began looking into the combined carbon emissions that come from building a standard wooden house in Japan -- which account for approximately 90% of the country's total housing stock -- and which industrial sectors contribute to it the most.

"If you combine the emissions generated by construction activity and the supply chain manufacturing of its essential products it can account for approximately 23% of all global emissions," explains doctoral candidate Seiya Imada and first author of the study. "94% of that comes from the supply chain alone. Therefore, emission reduction efforts targeting the supply chain is the best way to mitigate any emissions from the construction sector."

According to the team's findings, the estimated carbon footprint of building a single wooden house in Japan is 38 tons of CO2. Making up the largest share of that -- accounting for 32% of total emissions -- was the electric power sector. Other sectors included pig iron production at 12%, with cement, road freight transport, and private power generation each covering 7% of total emissions.

"We also looked into some of the hotspots in the supply chain network. Our analysis found that the steel manufacturing process accounted for the largest share of the carbon footprint, at approximately 15% of total emissions," continues Imada. "The second highest contributing group was the division involved in material transport and the building materials for a house's exterior, like bricks. That group accounted for approximately 7.4% of the total carbon footprint."

The team hopes these new findings can help both industry groups and consumers re-evaluate the carbon footprint of this sector of the construction industry. Some countries have begun to emphasize the importance of constructing 'low-carbon' buildings. And while Japan does encourage methods to reduce a home's total energy use, it still does not have a policy that specifically targets the reduction of CO2 during its building phase.

"Policy makers should promote efforts of renovating and remodeling already existing houses. There should also be a focus on reusing the foundation, which are made with materials from high emission sectors," Concludes Imada. "The supply chain is very complicated, but if we want to avoid the worst results of the climate crisis, we must be able to understand it and implement policies that reduce emissions effectively."
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From roots to resilience: investigating the vital role of microbes in coastal plant health | ScienceDaily
Georgia's saltwater marshes -- living where the land meets the ocean -- stretch along the state's entire 100-mile coastline. These rich ecosystems are largely dominated by just one plant: grass.


						
Known as cordgrass, the plant is an ecosystem engineer, providing habitats for wildlife, naturally cleaning water as it moves from inland to the sea, and holding the shoreline together so it doesn't collapse. Cordgrass even protects human communities from tidal surges.

Understanding how these plants stay healthy is of crucial ecological importance. For example, one known plant stressor prevalent in marsh soils is the dissolved sulfur compound, sulfide, which is produced and consumed by bacteria. But while the Georgia coastline boasts a rich tradition of ecological research, understanding the nuanced ways bacteria interact with plants in these ecosystems has been elusive. Thanks to recent advances in genomic technology, Georgia Tech biologists have begun to reveal never-before-seen ecological processes.

The team's work was published in Nature Communications.

Joel Kostka, the Tom and Marie Patton Distinguished Professor and associate chair for Research in the School of Biological Sciences, and Jose Luis Rolando, a postdoctoral fellow, set out to investigate the relationship between the cordgrass Spartina alterniflora and the microbial communities that inhabit their roots, identifying the bacteria and their roles.

"Just like humans have gut microbes that keep us healthy, plants depend on microbes in their tissues for health, immunity, metabolism, and nutrient uptake," Kostka said. "While we've known about the reactions that drive nutrient and carbon cycling in the marsh for a long time, there's not as much data on the role of microbes in ecosystem functioning."

Out in the Marsh

A major way that plants get their nutrients is through nitrogen fixation, a process in which bacteria convert nitrogen into a form that plants can use. In marshes, this role has mostly been attributed to heterotrophs, or bacteria that grow and get their energy from organic carbon. Bacteria that consume the plant toxin sulfide are chemoautotrophs, using energy from sulfide oxidation to fuel the uptake of carbon dioxide to make their own organic carbon for growth.




"Through previous work, we knew that Spartina alterniflora has sulfur bacteria in its roots and that there are two types: sulfur-oxidizing bacteria, which use sulfide as an energy source, and sulfate reducers, which respire sulfate and produce sulfide, a known toxin for plants," Rolando said. "We wanted to know more about the role these different sulfur bacteria play in the nitrogen cycle."

Kostka and Rolando headed to Sapelo Island, Georgia, where they have regularly conducted fieldwork in the salt marshes. Wading into the marsh, shovels and buckets in hand, the researchers and their students collected cordgrass along with the muddy sediment samples that cling to their roots. Back at the field lab, the team gathered around a basin filled with creek water and carefully washed the grass, gently separating the plant roots.

Next, they used a special technique involving heavier versions of chemical elements that occur in nature as tracers to track the microbial processes. They also analyzed the DNA and RNA of the microbes living in different compartments of the plants.

Using a sequencing technology known as shotgun metagenomics, they were able to retrieve the DNA from the whole microbial community and reconstruct genomes from newly discovered organisms. Similarly, untargeted RNA sequencing of the microbial community allowed them to assess which microbial species and specific functions were active in close association with plant roots.

Using this combination of techniques, they found that chemoautotrophic sulfur-oxidizing bacteria were also involved in nitrogen fixation. Not only did these bacteria help plants by detoxifying the root zone, but they also played a crucial role in providing nitrogen to the plants. This dual role of the bacteria in sulfur cycling and nitrogen fixation highlights their importance in coastal ecosystems and their contribution to plant health and growth.

"Plants growing in areas with high levels of sulfide accumulation tend to be smaller and less healthy," said Rolando. "However, we found that the microbial communities within Spartina roots help to detoxify the sulfide, enhancing plant health and resilience."

Local to Global Significance




Cordgrasses aren't just the main player in Georgia marshes; they also dominate marsh landscapes across the entire Southeast, including the Carolinas and the Gulf Coast. Moreover, the researchers found that the same bacteria are associated with cordgrass, mangrove, and seagrass roots in coastal ecosystems across the planet.

"Much of the shoreline in tropical and temperate climates is covered by coastal wetlands," Rolando said. "These areas likely harbor similar microbial symbioses, which means that these interactions impact ecosystem functioning on a global scale."

Looking ahead, the researchers plan to further explore the details of how marsh plants and microbes exchange nitrogen and carbon, using state-of-the-art microscopy techniques coupled with ultra-high-resolution mass spectrometry to confirm their findings at the single-cell level.

"Science follows technology, and we were excited to use the latest genomic methods to see which types of bacteria were there and active," Kostka said. "There's still much to learn about the intricate relationships between plants and microbes in coastal ecosystems, and we are beginning to uncover the extent of the microbial complexity that keeps marshes healthy."
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Carbon-capture batteries developed to store renewable energy, help climate | ScienceDaily
Researchers at the Department of Energy's Oak Ridge National Laboratory are developing battery technologies to fight climate change in two ways, by expanding the use of renewable energy and capturing airborne carbon dioxide.


						
This type of battery stores the renewable energy generated by solar panels or wind turbines. Utilizing this energy when wind and sunlight are unavailable requires an electrochemical reaction that, in ORNL's new battery formulation, captures carbon dioxide from industrial emissions and converts it to value-added products.

ORNL researchers recently created and tested two different formulations for batteries that convert carbon dioxide gas, or CO2, into a solid form that has the potential to be used in other products.

One of these new battery types maintained its capacity for 600 hours of use and could store up to 10 hours of electricity. Researchers also identified, studied and overcame the primary challenge, a deactivation caused by chemical buildup, that had been an obstacle for the other battery formulation.

"The Transformation Energy Science and Technology, or TEST, initiative at ORNL is precisely the kind of effort needed to address climate change. We are excited that ORNL is investing in innovative ideas and approaches that can transform the way we think about storing energy beyond lithium-ion batteries and other conventional electrochemical energy storage systems," said Ilias Belharouak, an ORNL Corporate Fellow and initiative director. "What a fantastic scenario: Using free electrons to store CO2 and converting it to revenue-generating products is a concept I never would have imagined 10 years back, but this is just a start."

Batteries operate through electrochemical reactions that move ions between two electrodes through an electrolyte. Unlike cell phone or car batteries, those designed for grid energy storage do not have to function as a portable, closed system. This allowed ORNL researchers to create and test two types of batteries that could convert CO2 from stationary, industrial sources.

For example, CO2 generated by a power plant could be pumped through a tube into the liquid electrolyte, creating bubbles similar to those in a carbonated soft drink. During battery operation, the gas bubbles turn into a solid powder.




How it works

Each component of a battery can be made of different elements or compounds. These choices determine the battery's operational lifetime, how much energy it can store, how big or heavy it is, and how fast it charges or consumes energy. Of the new ORNL battery formulations, one combines CO2 with sodium from saltwater using an inexpensive iron-nickel catalyst. The second combines the gas with aluminum.

Each approach uses abundant materials and a liquid electrolyte in the form of saltwater, sometimes mixed with other chemicals. The batteries are safer than existing technology because their electrodes are stable in water, said lead researcher Ruhul Amin.

Very little CO2 battery research has been conducted. The previously-tried approach relies on a reversible metal-CO2 reaction that regenerates carbon dioxide, continuing to contribute greenhouse gases to the atmosphere. In addition, solid discharge products tend to clog the surface of the electrode, degrading the battery performance.

However, the CO2 batteries developed at ORNL do not release carbon dioxide. Instead, the carbonate byproduct dissolves in the liquid electrolyte. The byproduct either continuously enriches the liquid to enhance battery performance, or it can be filtered from the bottom of the container without interrupting battery operation. Battery design can even be tuned to create more of these byproducts for use by the pharmaceutical or cement industries. The only gases released are oxygen and hydrogen, which do not contribute to climate change and can even be captured to produce energy or fuel.

ORNL researchers used an almost completely new combination of materials for these CO2 batteries. The few similar previous designs worked for only short periods or incorporated expensive metals.




Pros, cons and challenges overcome

The sodium-carbon dioxide, or Na-CO2, battery was developed first and faced some obstacles. For this system to function, the electrodes must be separated in wet and dry chambers with a solid ion conductor between them. The barrier slows the movement of ions, which in turn slows down battery operation, reducing battery efficiency.

One significant challenge for this Na-CO2 battery is that after prolonged use, a film forms on the electrode surface, which eventually causes the battery to deactivate. Amin's research team used highly specialized microscopes and X-ray techniques to examine the battery cell when it failed and at various stages of operation.

Studying how the film formed helped researchers understand how to break it down again. They were intrigued to realize the battery could be reactivated, or prevented from deactivating at all, simply through operational changes in the charge/discharge cycle. Uneven pulses of charging and discharging prevented film buildup on the electrode.

"We are reporting for the first time that the deactivated cell can be reactivated," Amin said. "And we found the origin of the deactivation and activation. If you symmetrically charge-discharge the battery too long, it's dead at one stage. If you use the protocol we established for our cell, the chance of failure is very slim."

A second design for long-term storage

Next, researchers focused on the design of the aluminum-carbon dioxide, or Al-CO2, battery. The team experimented with various electrolyte solutions and three different synthesis processes to identify the best combination. The result was a battery which provides enough storage for more than 10 hours of electricity to be used later.

"That's huge for long-duration storage," Amin said. "This is the first Al-CO2 battery that could run with stability for a long time, which is the goal. Holding just a few hours of stored energy doesn't help."

Testing found that the ORNL battery could operate more than 600 hours without losing capacity, Amin said -- far more than the only previously reported Al-CO2 battery, which was only tested for eight hours of cycling.

The cherry on top is that this battery captures almost twice as much carbon dioxide as the Na-CO2 battery. It can be designed for the system to operate in a single chamber, with both electrodes in the same liquid solution, so there is no barrier to ion movement.

The challenge for the Al-CO2 battery is to bring it closer to scale-up, Amin said. Even so, the team will continue systematically studying its properties to extend the operating lifetime and capture CO2 more efficiently. For the Na-CO2 battery to be competitive, the team will focus on developing a very fine, dense, mechanically stable ceramic membrane to separate the battery chambers.

Other ORNL scientists who contributed to the project include Marm Dixit, Mengya Li, Sabine Neumayer, Yaocai Bai, Ilias Belharouak, Anuj Bisht, Yang Guang and former ORNL researcher Rachid Essehli. The research was funded through the ORNL Laboratory Directed Research and Development, or LDRD, program. The sodium-CO2 battery research utilized the Center for Nanophase Materials Sciences, a DOE user facility at ORNL.
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What fire ants can teach us about making better, self-healing materials | ScienceDaily
Fire ants form rafts to survive flooding, but how do those bonds work? And what can we learn from them? A Binghamton University, State University of New York professor is researching those questions to expand our knowledge of materials science.


						
When flooding hits a region where fire ants live, their survival response is to latch together to form a buoyant "raft" that floats and keeps the colony united. Think of it like a condensed, adaptive material where the building blocks -- individual ants -- are actually alive.

Binghamton University Assistant Professor Rob Wagner led research as part of the Vernerey Soft Matter Mechanics Lab at University of Colorado Boulder in which they investigated the adaptive response of these living rafts. The goals are to understand how they autonomously morph and change their mechanical properties, and then incorporate the simplest and most useful discoveries into artificial materials.

"Living systems have always fascinated me, because they achieve things that our current engineered materials cannot -- not even close," he said. "We manufacture bulk polymeric systems, metals and ceramics, but they're passive. The constituents don't store energy and then convert it to mechanical work the way every single living system does."

Wagner sees this storage and conversion of energy as essential to mimicking the smart and adaptive behaviors of living systems.

In their most recent publication in the Proceedings of the National Academy of Sciences, Wagner and his co-authors at University of Colorado investigated how fire ant rafts responded to mechanical load when stretched, and they compared the response of these rafts to dynamic, self-healing polymers.

"Many polymers are held together by dynamic bonds that break, but can reform," Wagner said. "When pulled slowly enough, these bonds have time to restructure the material so that -- instead of fracturing -- it flows like the slime our kids play with, or soft-serve ice cream. When pulled very fast, though, it breaks more like chalk. Since the rafts are held together by ants clinging onto one another, their bonds can break and reform. So, my colleagues and I thought they'd do the same thing."

But Wagner and his collaborators discovered that no matter what speed they pulled the ant rafts, their mechanical response was nearly the same, and they never flowed. Wagner speculates that the ants reflexively tighten and prolong their holds when they feel force because they want to stay together. They either turn down or turn off their dynamic behavior.




This phenomenon of bonds that grow stronger when force is applied to them is called catch bond behavior, and it likely enhances cohesion for the colony, which makes sense for survival.

"As you pull on typical bonds with some amount of force, they're going to let go sooner, and their lifetime goes down -- you're weakening the bond by pulling on it. That is what you see in almost any passive system," Wagner said. "But in living systems, because of their complexity, you can sometimes have catch bonds that hold on for longer durations under some range of applied force. Some proteins do this mechanistically and automatically, but it's not like the proteins are making a decision. They're just arranged in such a way that when a force is applied, it reveals these binding sites that latch or 'catch'."

Wagner believes that mimicking these catch bonds in engineered systems could lead to artificial materials that exhibit autonomous, localized self-strengthening in regions of higher mechanical stress. This could enhance the lifetimes of biomedical implants, adhesives, fiber composites, soft robotics components and many other systems.

Collective insect aggregations like fire ant rafts already are inspiring researchers to develop materials with stimuli-responsive mechanical properties and behaviors. A paper in Nature Materials earlier this year -- led by the Ware Responsive Biomaterials Lab at Texas A&M and including contributions from Wagner and his former thesis advisor, Professor Franck J. Vernerey -- demonstrates how ribbons made of special gels or materials called liquid crystal elastomers can coil due to heating, and then entangle with each other to form condensed, solid-like structures that were inspired by these ants

"A natural progression of this work is to answer how we can get the interactions between these ribbons or other soft building blocks to 'catch' under load like the fire ants and some biomolecular interactions do," Wagner said.
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Making batteries takes a lot of lithium: Some could come from gas well wastewater | ScienceDaily
Most batteries used in technology like smart watches and electric cars are made with lithium that travels across the world before even getting to manufacturers. But what if nearly half of the lithium used in the U.S. could come from Pennsylvania wastewater?


						
A new analysis using compliance data from the Pennsylvania Department of Environmental Protection suggests that if it could be extracted with complete efficiency, lithium from the wastewater of Marcellus shale gas wells could supply up to 40% of the country's demand.

Already, researchers in the lab can extract lithium from water with more than 90% efficiency according to Justin Mackey, a researcher at the National Energy Technology Laboratory and PhD student in the lab of Daniel Bain, associate professor of geology and environmental sciences in the Kenneth P. Dietrich School of Arts and Sciences.

The US Geological Survey lists lithium as a critical mineral, (although, as Mackey was quick to point out, lithium is an element, not a mineral). The designation means the U.S. government wants all lithium to be produced domestically by 2030, and so the search for sources has intensified. Currently, much of it is extracted from brine ponds in Chile. Then it's shipped to China, where it's processed.

There are lithium mining operations in the U.S., but, Mackey said, "This is different. This is a waste stream and we're looking at a beneficial use of that waste."

Finding lithium in the wastewater in Marcellus shale wasn't a surprise: Researchers had analyzed the water recycled in hydraulic fracking and knew that it picked up minerals and elements from the shale. "But there hadn't been enough measurements to quantify the resource," Mackey said. We just didn't know how much was in there."

Thanks to Pennsylvania regulatory requirements, the research team was able to figure it out. They published their results in the journal Scientific Reports.

Companies are required to submit analyses of wastewater used in each well pad, and lithium is one of the substances they have to report, Mackie said. "And that's how we were able to conduct this regional analysis."




Meeting 30% to 40% of the country's lithium needs would bring the country much closer to the 2030 requirements. But there's lithium-rich wastewater outside of the state's boundaries, too. "Pennsylvania has the most robust data source for Marcellus shale," Mackey said, "But there's lots of activity in West Virginia, too."

The next step toward making use of this lithium is to understand the environmental impact of extracting it and to implement a pilot facility to develop extraction techniques.

"Wastewater from oil and gas is a burgeoning issue," Mackey said. "Right now, it's just minimally treated and reinjected." But it has to potential to provide a lot of value. After all, he said, "It's been dissolving rocks for hundreds of millions of years -- essentially, the water has been mining the subsurface."
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Scientists want to know how the smells of nature benefit our health | ScienceDaily
Spending time in nature is good for us. Studies have shown that contact with nature can lift our well-being by affecting emotions, influencing thoughts, reducing stress and improving physical health. Even brief exposure to nature can help. One well-known study found that hospital patients recovered faster if their room included a window view of a natural setting.


						
Knowing more about nature's effects on our bodies could not only help our well-being, but could also improve how we care for land, preserve ecosystems and design cities, homes and parks. Yet studies on the benefits of contact with nature have typically focused primarily on how seeing nature affects us. There has been less focus on what the nose knows. That is something a group of researchers wants to change.

"We are immersed in a world of odorants, and we have a sophisticated olfactory system that processes them, with resulting impacts on our emotions and behavior," said Gregory Bratman, a University of Washington assistant professor of environmental and forest sciences. "But compared to research on the benefits of seeing nature, we don't know nearly as much about how the impacts of nature's scents and olfactory cues affect us."

In a paper published May 15 in Science Advances, Bratman and colleagues from around the world outline ways to expand research into how odors and scents from natural settings impact our health and well-being. The interdisciplinary group of experts in olfaction, psychology, ecology, public health, atmospheric science and other fields are based at institutions in the U.S., the U.K., Taiwan, Germany, Poland and Cyprus.

At its core, the human sense of smell, or olfaction, is a complex chemical detection system in constant operation. The nose is packed with hundreds of olfactory receptors, which are sophisticated chemical sensors. Together, they can detect more than one trillion scents, and that information gets delivered directly to the nervous system for our minds to interpret -- consciously or otherwise.

The natural world releases a steady stream of chemical compounds to keep our olfactory system busy. Plants in particular exude volatile organic compounds, or VOCs, that can persist in the air for hours or days. VOCs perform many functions for plants, such as repelling herbivores or attracting pollinators. Some researchers have studied the impact of exposures to plant VOCs on people.

"We know bits and pieces of the overall picture," said Bratman. "But there is so much more to learn. We are proposing a framework, informed by important research from many others, on how to investigate the intimate links between olfaction, nature and human well-being."

Nature's smell-mediated impacts likely come through different routes, according to the authors. Some chemical compounds, including a subset of those from the invisible realm of plant VOCs, may be acting on us without our conscious knowledge. In these cases, olfactory receptors in the nose could be initiating a "subthreshold" response to molecules that people are largely unaware of. Bratman and his co-authors are calling for vastly expanded research on when, where and how these undetected biochemical processes related to natural VOCs may affect us.




Other olfactory cues are picked up consciously, but scientists still don't fully understand all their impacts on our health and well-being. Some scents, for example, may have "universal" interpretations to humans -- something that nearly always smells pleasant, like a sweet-smelling flower. Other scents are closely tied to specific memories, or have associations and interpretations that vary by culture and personal experience, as research by co-author Asifa Majid of the University of Oxford has shown.

"Understanding how olfaction mediates our relationships with the natural world and the benefits we receive from it are multi-disciplinary undertakings," said Bratman. "It involves insights from olfactory function research, Indigenous knowledge, Western psychology, anthropology, atmospheric chemistry, forest ecology, Shinrin-yoku -- or 'forest bathing' -- neuroscience, and more."

Investigation into the potential links between our sense of smell and positive experiences with nature includes research by co-author Cecilia Bembibre at University College London, which shows that the cultural significance of smells, including those from nature, can be passed down in communities to each new generation. Co-author Jieling Xiao at Birmingham City University has delved into the associations people have with scents in built environments and urban gardens.

Other co-authors have shown that nature leaves its signature in the very air we breathe. Forests, for example, release a complex chemical milieux into the air. Research by co-author Jonathan Williams at the Max Planck Institute for Chemistry and the Cyprus Institute shows how natural VOCs can react and mix in the atmosphere, with repercussions for olfactory environments.

The authors are also calling for more studies to investigate how human activity alters nature's olfactory footprint -- both by pollution, which can modify or destroy odorants in the air, and by reducing habitats that release beneficial scents.

"Human activity is modifying the environment so quickly in some cases that we're learning about these benefits while we're simultaneously making them more difficult for people to access," said Bratman. "As research illuminates more of these links, our hope is that we can make more informed decisions about our impacts on the natural world and the volatile organic compounds that come from it. As we say in the paper, we live within the chemical contexts that nature creates. Understanding this more can contribute to human well-being and advance efforts to protect the natural world."
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Killer whales breathe just once between dives, study confirms | ScienceDaily
A new study has confirmed a long-held assumption: that orcas take just one breath between dives.


						
The researchers used drone footage and biological data from tags suction-cupped to 11 northern and southern resident killer whales off the coast of B.C. to gather information on the animals' habits.

Whaley fun facts

Published in PLOS ONE, the study found that residents spend most of their time making shallow dives, with the majority of dives less than one minute. The longest dive recorded was 8.5 minutes, for an adult male. "Killer whales are like sprinters who don't have the marathon endurance of blue and humpback whales to make deep and prolonged dives," said co-author Dr. Andrew Trites, professor in the UBC Institute for the Oceans and Fisheries (IOF).

For how many fish could an orca wish?

Confirming orcas take only one breath between dives allowed the researchers to calculate how many litres of oxygen adults and juveniles consume per minute. This provides another piece of the puzzle in estimating orca energy expenditure, and eventually, how many fish the animals need to eat per day. "Researchers can then work out if the orcas are getting enough food, including the endangered southern residents, a key factor in their conservation," said first author Tess McRae, IOF masters student.

Breathe like an orca

Killer whales in the study took 1.2 to 1.3 breaths per minute while resting and 1.5 to 1.8 while travelling or hunting. Comparatively, humans tend to take about 15 breaths per minute when resting and from 40 to 60 while exercising. "It's the equivalent of holding your breath and running to the grocery store, shopping, and coming back before breathing again," said co-author Dr. Beth Volpov, IOF postdoctoral fellow.
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Heating proteins to body temperature reveals new drug targets | ScienceDaily
Some proteins shift their shape when exposed to different temperatures, revealing previously unknown binding sites for medications.


						
The findings, published today in Nature, could revolutionize wide swathes of biology by fundamentally changing how protein structure is studied and leveraged for drug design. The study was led by Van Andel Institute's Juan Du, Ph.D., and Wei Lu, Ph.D.

Proteins generally are investigated at low temperatures to ensure their stability. However, the new study demonstrates that certain proteins are highly sensitive to temperature and change their shape when viewed at body temperature.

"For a long time, the methods we've used to study proteins require them to be cold or frozen. But in the real world, human proteins exist and function at body temperature," Du said. "Our study describes a new way to study proteins at body temperature and reveals that some proteins drastically alter their structures when warm, opening up new opportunities for structure-guided drug development."

Proteins are the molecular workhorses of the body. Their shape governs how they interact with other molecules to do their jobs. By determining protein structure, scientists can create blueprints that guide development of more effective medications, much like locksmiths designing keys to fit into specific locks.

Although it is well known that temperature affects molecular function in the body, studying proteins at physiological temperature has been technologically challenging. Today's study by the Du and Lu laboratories details how they overcame these issues and provides scientists a roadmap for doing so in their own experiments.

The study focused on a protein called TRPM4, which supports heart function and metabolism, including the release of insulin. As such, TRPM4 is linked to stroke, heart disease and diabetes, among other health conditions.

To visualize TRPM4 at body temperature, the team leveraged VAI's powerful suite of cryo-electron microscopes (cryo-EM), which allow scientists to flash freeze proteins and assemble detailed images of their structures. Rather than using a low-temperature sample, Postdoctoral Fellow Jinhong Hu, Ph.D., and colleagues in the Du and Lu laboratories heated the sample to body temperature before flash freezing it. By doing so, they found that ligands -- molecules that bind to proteins -- interact with totally different sites on TRPM4 at body temperature than at lower temperatures.

The implications of today's study are far-reaching and reinforce the importance of studying proteins at body temperature to ensure identification of physiologically relevant drug binding sites.
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Final dust settles slowly in the deep sea | ScienceDaily
'Dust clouds' at the bottom of the deep sea, that will be created by deep-sea mining activities, descend at a short distance for the biggest part. That is shown by PhD research of NIOZ marine geologist Sabine Haalboom, on the bottom of the Pacific Ocean. Yet, a small portion of the stirred-up bottom material remains visible in the water at long distances. "These waters are normally crystal clear, so deep-sea mining could indeed have a major impact on deep-sea life," Haalboom states in her dissertation that she defends at Utrecht University on May 31st.


						
Unidentified Living Organisms between manganese nodules

Currently, the international community is still discussing the possibilities and conditions for mining valuable metals from the bottom of the deep sea. This so-called deep-sea mining may take place at depths where very little is known about underwater life. Among other things, the silt at the bottom of the deep sea, which will be stirred up when extracting manganese nodules, for example, is a major concern. Since life in the deep sea is largely unknown, clouding the water will definitely create completely unknown effects.

Variety of instruments

For her research, Haalboom conducted experiments with different instruments to measure the amount and also the size of suspended particles in the water. At the bottom of the Clarion Clipperton Zone, a vast area in the depths of the Pacific Ocean, Haalboom performed measurements with those instruments before and after a grid with 500 kilograms of steel chains had been dragged across the bottom.

Still murky for a long time

"The first thing that strikes you when you take measurements in that area, is how unimaginably clear the water naturally is," Haalboom says. "After we dragged the chains back and forth over a 500-meter stretch, the vast majority of the stirred-up material settled within just a few hundred meters. Yet, we also saw that a small portion of the stirred-up bottom material was still visible up to hundreds of meters from the test site and meters above the bottom. The water was a lot murkier than normal at long distances from the test site."

In a follow-up study, in which PhD candidate Haalboom was not involved, the 'dust clouds' were visible even up to five kilometers away from the test site.




Scarce food in clear water

International companies that are competing for concessions to extract the scarce metals from the deep-sea floor, are seizing on the results of these initial trials as an indication of the low impact of deep-sea mining on bottom life. Yet, that is not justifiable, says the co-promoter of Haalboom's research, NIOZ oceanographer Henko de Stigter. "Sure, based on this PhD research and also based on follow-up research, we know that the vast majority of the dust settles quickly. But when you take in consideration how clear these waters normally are, and that deep-sea life depends on the very scarce food in the water, that last little bit could have a big impact."

Too early to decide

Both Haalboom and De Stigter urge more research before firm statements can be made about the impact of deep-sea mining. "It is really too soon to say at this point how harmful or how harmless that last bit of dust is that can be spread over such great distances," De Stigter emphasizes.
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John Milton's notes discovered, including a rare example of prudish censorship | ScienceDaily
John Milton's handwritten annotations have been identified in a copy of Raphael Holinshed's Chronicles (1587), a vital source of inspiration for the Paradise Lost poet. The discovery, made in the Burton Barr Central Library in Phoenix, Arizona, makes this one of only three known books to preserve Milton's handwritten reading notes, and one of only nine books to have survived from his library.


						
The findings, detailed today by three researchers in the Times Literary Supplement (TLS), include Milton censoring Holinshed by crossing out a lewd anecdote about the mother of William the Conqueror, Arlete.

Spotted while dancing by Robert I of Normandy, and summoned to his bed, Arlete refused to let him lift up her smock and instead tore it herself from top to bottom, explaining that it would be immodest for her 'dependant' garments to be 'mountant' to her sovereign's mouth.

In the margin, Milton dismisses this anecdote as inappropriate and told in the style of a pedlar hawking wares on the streets. In Milton's exact words, it was: "an unbecom[ing] / tale for a hist[ory] / and as pedlerl[y] / expresst."

"The adverb 'pedlerly' was quite rare in writing at the time so we are seeing Milton really stretching language to express his contempt," said co-author Prof. Jason Scott-Warren, from Cambridge University's English Faculty, who was consulted to confirm that the handwriting was Milton's.

"Milton is renowned as an enemy of press censorship," Scott-Warren said, "but here we see he was not immune to prudishness."

Milton crossed through the passage with a single, light diagonal line so the words beneath remain fully legible.




The discovery was made thanks to the Arizona Book History Group, a research forum at the Phoenix Public Library organized by Assistant Prof. Brandi Adams and Prof. Jonathan Hope, both from Arizona State University's Dept. of English. Adams and Hope raised funds for four visiting scholars to study books in the library's Alfred Knight Collection. In March this year, these researchers included the two other authors of this study: Dr Aaron Pratt, Curator of Early Books & Manuscripts at University of Texas; and Claire Bourne, an associate professor of English at Penn State. Holinshed's Chronicles, bound in two hefty volumes, was among a number of books that the researchers requested to see.

On 1st March, Dr Pratt noticed a surprising little "e" in notations added to the book. "I was like, 'God, there's no way in hell this is true, but it kind of looks like this stupid way Milton writes 'e'," Pratt said.

Intrigued, Pratt kept looking and started seeing scratchy brackets with notations in the margins, brackets that looked very similar to those found in one of the two other known books with Milton's handwriting, Shakespeare's First Folio, which Bourne and Scott-Warren found in 2019 in the Philadelphia Free Library.

Bourne started to compare the annotations in Holinshed's Chronicles with those in the Shakespeare Folio. "We're kind of going back and forth, like, is that double 'l' similar? Is that double 's' similar?" Bourne said.

Bourne then texted photos of the handwriting and brackets to Jason Scott-Warren, Director of the Cambridge Centre for Material Texts and a Fellow of Gonville and Caius College.

In 2019, Scott-Warren identified Milton as the annotator of a copy of the Shakespeare First Folio in the Free Library of Philadelphia, building on Bourne's research. Academics and media reports called this one of the most important literary discoveries of modern times. Since then, the pair have employed research assistants to look for other surviving books from Milton's library, with no luck.




Bourne wasn't sure how Scott-Warren would respond to the Holinshed notations, describing him as "very conservative" when it comes to reaching such verdicts. But his reply was rapid and enthusiastic: "Wow. Bingo!"

Milton's handwriting

Scott-Warren's assessment involved comparing the handwriting in the Holinshed annotations with Milton's handwriting preserved in two surviving holograph manuscripts: the Commonplace Book (British Library) and the Trinity Manuscript (Trinity College, Cambridge).

Milton's handwriting evolved in the 1630s and the version preserved in the Holinshed matches entries dating from the early 1640s in both manuscripts. The annotations consistently deploy italic e (e) -- a feature Milton adopted before his trip to Italy in 1638-39 -- rather than the epsilon e (e) used previously. Other features fit with what we know of Milton's neat italic hand, which rarely featured joined letters. Giveaways include hooks and curls on particular letters and a characteristic unevenness in the formation of small 's's.

Milton and Holinshed

Holinshed's massive account of English, Irish and Scottish history from antiquity to the reign of Elizabeth I was a major source for Shakespeare's histories and other plays including Macbeth. Milton himself repeatedly quoted Holinshed in his Commonplace Book, to support his republican views. The researchers found that over 90% of these references correspond with passages marked in the Knight Collection copy of the second bound volume.

The researchers found around 100 examples in this volume alone. On page 87, a bracket marks a passage recording that Henry II's wife Eleanor was "enraged against hir husband bicause he kept sundrie concubines," which Milton notes in the Commonplace Book: "Concubinatus ... turn'd both wife & children against our Hen. 2. Holinsh. p. 87."

And in his notes on kings and tyrants, Milton transcribes a number of details that he marked out in Holinshed's account of Richard II's deposition, including one which Milton would later use to justify the execution of Charles I.

In the Trinity Manuscript, Milton borrowed source material from the Chronicles to plan a series of proposed historical dramas. Milton used two pages of material from Holinshed's history of Scotland to describe his idea for the first of 5 "Scotch stories," a violent revenge narrative involving a witch.

Significance

The researchers believe that the discovery opens up new perspectives on his engagement with a major source for his writings, including Of Reformation (1641) and The History of Britain (1670). He would have been working on both around the time -- or shortly after -- he was reading the Chronicles.

Several of Milton's notes cite other books known to have been in his library. These include John Stow's Annales, another key source of historical information. Milton also marked out Holinshed quoting Giovanni Villani's Chroniche di Firenze (Chronicles of Florence), a book which Milton included in the curriculum he developed for his nephews in the 1640s.

The notes also emphasize Milton's interest in continental poetry. Under Holinshed's assertion that Richard the Lionheart was "not very notorious," Milton added: "the booke of Provenzall poets numbers him in / the catalogue, telling of his poetrie, and his Provenzal / mistresses." The researchers believe this book refers to Jean de Nostredame's Les vies des plus ce?le?bres et anciens poe?tes provenc?aux (Lyon, 1575), which discusses Richard's poetry and mistresses.

Scott-Warren said: "This discovery also serves as additional confirmation that the Shakespeare First Folio belonged to Milton. Both books feature the same swooping brackets, and they display closely comparable annotative practices. And they remind us of just how voracious he was as a reader."

Life after Milton

What happened to Milton's books after his death in 1674 remains unclear, but it is widely accepted that they were sold off in batches. The trail of the Holinshed goes cold for well over a century. Around 1800, someone had the volumes rebound. Within a few decades, new endpapers were added, and around 1847, the ecclesiastical historian and collector William Maskell signed the book and began adding his own notes.

By 1942, the volumes had made their way to Beverly Hills, California, where the bookseller Maxwell Hunley sold them to the real estate magnate and philanthropist Alfred Knight. In 1958, Knight bequeathed them to the people of Phoenix, Arizona.

The researchers point out that public libraries like Phoenix's are 'are off the beaten path for academics who work with early modern books and manuscripts'. This discovery, barely five years after the Shakespeare Folio was found in another US public library, suggests that more of Milton's books may be out there, including in less well-known collections.
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Tiger beetles fight off bat attacks with ultrasonic mimicry | ScienceDaily
Bats, as the main predator of night-flying insects, create a selective pressure that has led many of their prey to evolve an early warning system of sorts: ears uniquely tuned to high-frequency bat echolocation. To date, scientists have found at least six orders of insects -- including moths, beetles, crickets and grasshoppers -- that have evolved ears capable of detecting ultrasound.


						
But tiger beetles take things a step further. When they hear a bat nearby, they respond with their own ultrasonic signal, and for the past 30 years, no one has known why.

"It's such a foreign idea to humans: these animals flying around at night trying to catch each other in essentially complete darkness, using sound as their way of communicating," said Harlan Gough, lead author on a new study that finally solves the mystery. While doing his doctoral research at the Florida Museum of Natural History, he reasoned that tiger beetles must receive a major benefit from making the sound, since it would also help bats locate them.

Tiger beetles are the only group of beetle scientists know of that seem to produce ultrasound in response to bat predation. An estimated 20% of moth species, however, are known to have this ability and provide a helpful reference for understanding the behavior in other insects. "This was a really fun study because we got to peel apart the story layer by layer," Gough said.

The researchers began by confirming that tiger beetles produced ultrasound in response to bat predation. As bats fly through the night sky, they periodically send out ultrasonic pulses, which gives them snapshots of their surroundings. When a bat has located potential prey, they start clicking more frequently, allowing them to lock on to their targets.

This also creates a distinctive bat echolocation attack sequence, which researchers played for tiger beetles to see how they would respond. When a beetle flies, its hard shell opens to reveal two hindwings that generate lift. The elytra, which formerly covered the wings, are protective and don't help with flight. These are typically held up and out of the way.

The researchers spent two summers in the deserts of southern Arizona and collected 20 different tiger beetle species to study. Of these, seven responded to bat attack sequences by swinging their elytra slightly toward the back. This caused the beating hind wings to strike the back edges of the elytra, like the two wing pairs were clapping. To a human's ears it sounds like a faint buzzing, but a bat would pick up the higher frequencies and hear the beetle loud and clear.




"Responding to bat echolocation is a much less common ability than just being able to hear echolocation," Gough said. "Most moths aren't singing these sounds through their mouths, like we think of bats echolocating through their mouth and nose. Tiger moths, for example, use a specialized structure on the side of the body, so you need that structure to make ultrasound as well as ears to hear the bat."

Tiger beetles were certainly responding to the sound of a bat attack with ultrasound. But why?

Some moths can jam bat sonar by producing several clicks in close, quick succession. The researchers quickly ruled out this possibility for tiger beetles, however, as they produce ultrasound that is too simple for such a feat.

Instead, they suspected that tiger beetles, which produce benzaldehyde and hydrogen cyanide as defensive chemicals, were using ultrasound to warn bats that they are noxious -- like many moths do.

"These defensive compounds have been shown to be effective against some insect predators," Gough said. "Some tiger beetles, when you hold them in your hand, you can actually smell some of those compounds that they are producing."

They tested their theory by feeding 94 tiger beetles to big brown bats, which eat a wide array of insects but show a strong preference for beetles. To their surprise, 90 were completely eaten while two were only partially consumed, and just two were rejected, indicating that the beetles' defensive chemicals do little to dissuade big brown bats.




According to Akito Kawahara, director of the museum's McGuire Center for Lepidoptera and Biodiversity, this was the first time scientists had tested whether tiger beetles were actually noxious to bats.

"Even if you identify a chemical, that doesn't mean it's a defense against a particular predator," Kawahara said. "You don't actually know until you do the experiment with the predator."

It turned out tiger beetles don't use ultrasound to warn bats of their noxiousness. But there was one last possibility. Some moths produce anti-bat ultrasound even though they are palatable. Scientists believe these moths are trying to trick bats by acoustically mimicking the ultrasonic signals of genuinely noxious moth species.

Could tiger beetles be doing something similar? The researchers compared recordings of tiger beetle ultrasound, collected earlier in the study, with recordings of tiger moths already in their database. Upon analyzing the ultrasonic signals, they found a clear overlap and the answer to their question.

Tiger beetles, which do not have chemical defenses against bats, produce ultrasound to mimic tiger moths, which are noxious to bats.

But this behavior is limited to tiger beetles that fly at night. Some of the 2,000 species of tiger beetles are active exclusively during the day, using their vision to chase and hunt smaller insects, and don't have the selective pressure of bat predation. The 12 diurnal tiger beetle species that the researchers included in the study are evidence of this.

"If you get one of those tiger beetles that goes to sleep at night and play bat echolocation to it, it makes no response at all," Gough said. "And they seem to be able to pretty quickly lose the ability to be afraid of bat echolocation."

Researchers suspect there may be even more undiscovered examples of ultrasonic mimicry, given how understudied the acoustics of the night sky are.

"I think it's happening all over the world," Kawahara said. "With my colleague, Jesse Barber, we have been studying this together for many years. We think it's not just tiger beetles and moths. It appears to be happening with all kinds of different nocturnal insects, and we just don't know simply because we haven't been testing in this manner."

These delicate ecological interactions are also at risk of being disrupted soon. Acoustic mimicry needs a quiet environment to work, but human impacts like noise and light pollution are already altering what the night sky looks and sounds like.

"If we want to understand these processes, we need to do it now," Kawahara said. "There are amazing processes taking place in our backyards that we can't see. But by making our world louder, brighter and changing the temperature, these balances can break."

The authors published their study in the journal Biology Letters.

Juliette Rubin, former graduate student at the University of Florida and Jesse Barber of Boise State University were also authors on the study.
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Using AI to improve building energy use and comfort | ScienceDaily
University of Waterloo researchers have developed a new method that can lead to significant energy savings in buildings. The team identified 28 major heat loss regions in a multi-unit residential building with the most severe ones being at wall intersections and around windows. A potential energy savings of 25 per cent is expected if 70 per cent of the discovered regions are fixed.   


						
Building enclosures rely on heat and moisture control to avoid significant energy loss due to airflow leakage, which makes buildings less comfortable and more costly to maintain. This problem will likely be compounded by climate change due to volatile temperature fluctuations. Since manual inspection is time-consuming and infrequently done due to a lack of trained personnel, energy inefficiency becomes a widespread problem for buildings.  

Researchers at Waterloo, which is a leader in sustainability research and education and a catalyst for environmental innovation, solutions and talent, created an autonomous, real-time platform to make buildings more energy efficient. The platform combines artificial intelligence, infrared technology, and a mathematical model that quantifies heat flow to better identify areas of heat loss in buildings.

Using the new method, the researchers conducted an advanced study on a multi-unit residential building in the extreme climate of Canadian prairies, where elderly residents reported discomfort and higher electricity bills due to increased demand for heating in their units. Using AI tools, the team trained the program to examine thermal images in real time, achieving 81 percent accuracy in detecting regions of heat loss in the building envelope.  

"The almost 10 per cent increase in accuracy with this AI-based model is impactful, as it enhances occupants' comfort as well as reduces energy bills," said Dr. Mohamad Araji, director of Waterloo's Architectural Engineering Program and head of the Symbiosis Lab, an interdisciplinary group at the university that specializes in developing innovative building systems and building more environmentally friendly buildings.  

The new AI tools helped to remove the element of human error in examining the results and increased the speed of getting the data analyzed by a factor of 12 compared to traditional building inspection methods. 

Future expansions to this work will include utilizing drones equipped with cameras to inspect high-rise buildings. 

"The hope is that our methodology can be used to analyze buildings and lead to millions in energy savings in a much faster way than previously possible," Araji said.  
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Studying bubbles can lead to more efficient biofuel motors | ScienceDaily
By studying how bubbles form in a drop of biodiesel, researchers at the University of Gothenburg can help future engines get the most energy out of the fuel.


						
In an internal combustion engine, the fuel is distributed in small droplets in injection valves to maximise combustion.

In the engine, the fuel droplets are pressurised to turn into gas and burn. When gas is formed, bubbles form inside the droplets and it is these that the researchers at the University of Gothenburg have studied using femtosecond lasers.

Less emissions

"The bubbles have a significant impact on the atomisation of biodiesel in engines. Therefore, our research is very important to address fundamental questions about the efficiency of the biodiesel engine," says Dr. Yogeshwar Nath Mishra, who led the study at the University of Gothenburg together with Professor Dag Hanstorp.

Researchers are trying to understand how and when the bubbles form in the fuel droplets. In the long term, this knowledge could lead to the development of a more efficient engine that burns more fuel than today, resulting in less environmentally harmful emissions.

"Research on biodiesel is crucial in our transition from fossil fuels to combat climate change. In engines, bubbling affects fuel combustion and contributes to the formation of larger droplets that do not evaporate and burn completely, leading to increased emissions," says Dr. Yogeshwar Nath Mishra.




The droplet is levitated acoustically

Studying bubble formation in engine injection valves is difficult because of their structure, with narrow channels in metal bodies. But with the latest technology, physicists can set up an experiment in the lab that allows them to study the process in a millimetre-sized drop of biodiesel. First, a fuel droplet is levitated, i.e. trapped in the air, using a standing sound wave.

"We then energise the droplet with our femtosecond laser, which focuses light energy at a point inside the droplet for a very short time, 100 femtoseconds, 10-13 seconds. This forms the gas bubbles, the number, growth and fine distribution of which are studied using a high-speed camera," explains Dag Hanstorp, Professor of Physics at the University of Gothenburg.

Many applications

The results, published in Nature Scientific Reports, have provided significant insights into the phenomenon of bubble formation that are not only useful in the development of more efficient fuels and combustion engines.

"Bubble formation is important in industries such as chemical engineering for example carbonated drinks, ultrasonic imaging, boiling processes for heat transfer and processes such as gas release from water bodies and cloud formation. But what we have achieved is basic research. There is still a lot of development to be done before it can be used," says Dag Hanstorp.
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Now we know, what gets roots to grow: Can help in future droughts | ScienceDaily
A biological mechanism familiar to people who fast helps plant roots grow strong. The discovery by University of Copenhagen scientists provides an answer to a long-unanswered question and a deeper understanding of the "mouths" of plants that can help to develop climate-resilient crops.


						
Imagine eating with your feet and having half your body underground. Such is the life of most plants, with roots as the mouths through which they eat and drink. Roots also serve to anchor plants and keep them safe in wind and rain. Indeed, roots are critical for a plant's life.

But many things remain unknown about the life of plants. How they grow their roots big and strong has long been a question and there are key pieces missing to the puzzle.

In a new study published recently, researchers from the University of Copenhagen's Department of Biology share their discovery of how plants control root growth.

It turns out that a beneficial clean-up mechanism in plant cells called autophagy plays a key role. The same mechanism exists in humans and is part of a popular health trend.

"Fasting has become popular as it seems to have a range of health-promoting effects in humans, as periods without food cause the body to activate a clean-up processes to dispose of various waste products in cells. In our study, we have proven that the same mechanism, which also exists in the plant kingdom, plays a vital role in the ability of plant roots to grow and absorb water and nutrients for the rest of the plant," explains Assistant Professor Eleazar Rodriguez from the Department of Biology, who led the study.

Roots have a heartbeat 

It has long been known that auxin, a plant hormone, controls plant growth, root growth included. Auxin is a fuel for a kind of heartbeat that beats in each and every root tip of a plant. Roughly every four to six hours, auxin levels and the heartbeat in a plant's roots reach a maximum that causes new roots to grow.




"The movement of a root is almost like watching a snake slithering forward in search of water and nourishment in the soil. And we can see that the heartbeat is strongest every time the root meanders forth," says Eleazar Rodriguez.

But how plants control its heartbeat so as to optimize root growth, has remained an unanswered question. This is where the plant's internal clean-up mechanism comes into the picture.

"In our experiments, we disabled the clean-up mechanism to understand its significance. Imagine if every garbage collector in Copenhagen went on strike -- it wouldn't be long before trash filled the streets. The same thing happened in the plant cells, as the heartbeats that drive root growth became much weaker and went out of sync," explains Eleazar Rodriguez.

Doing this allowed the researchers to conclude that the clean-up mechanism helps keep levels of different biochemical components in perfect balance to provide the most efficient root growth.

Can help germinate new climate-resilient crops 

According to the researchers, the new knowledge about plant roots may prove important in the fight against climate change. Extended periods of drought and floods are a new normal that place greater demands on food security. As such, the roots of the crops, which must be able to grow even in these harsh conditions.




"Numerous methods to change the genetic characteristics of plants are available today. These can be used to get plants to develop longer roots, faster, and in doing so, become more resistant to droughts or floods. One of the methods enlists the help of bacteria that live in symbiosis with the plant and can cause the plant to change its growth pattern. Several companies in Denmark are working on this right now," explains Ph.D. student Jeppe Ansbol who co-authored the study..

The new knowledge applies to all flowering plants and perhaps more, according to the researcher. In principle, crops like tomatoes, potatoes, rice, wheat and corn could be altered to grow more and denser roots, because we now know how plants get their roots to grow.

"The more roots the plants have the more water and nutrients they can take, so the plants grow better faster. We're heavily dependent on plants because they feed us, extract CO2 from the atmosphere and produce the oxygen we breathe. As such, it is extremely important to understand them fully, to which end we have just taken a big step forward," concludes Eleazar Rodriguez.

More about the result: Causing the garbage collectors in cells to go on strike

Autophagy means 'self-eating' and is a key mechanism when plants develop roots. To investigate the significance of autophagy, the researchers developed a mutant Arabidopsis (thale cress) plant in which its autophagy was disabled.

At the same time, they made the ARF7 protein luminescent, which is the protein that controls the auxin responses and which the plant cell's garbage collectors clean up to provide optimal root growth. The plant's garbage collectors collect waste from cells and transport it to a kind of recycling station in the plant called a vacuole.

"When we disrupted the plant's autophagy, there was waste everywhere, and we were able to detect the ARF7 protein among the waste," says Eleazar Rodriguez.
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An active agent against hepatitis E | ScienceDaily
At present, there is no specific active substance against hepatitis E. As the disease kills 70,000 people every year, researchers are actively searching for one. The team from the Department of Molecular and Medical Virology at Ruhr University Bochum, Germany, may have found what they're looking for. The researchers showed that the compound K11777 prevents host cells from helping the virus out of its shell by cleaving the viral capsid. This means it can no longer infect cells. "The compound is already being tested in clinical trials against other viruses such as Sars-Cov-2," says lead author Mara Klohn. "There's still a lot of work to be done to find out whether it can be used as an active substance against hepatitis E, but it's a first step." The researchers published their findings on May, 11, 2024 in the journal Hepatology.


						
In order to infect an organ, viruses need the help of the host cells. "An effective approach is therefore to identify targets in the host that can be manipulated by drugs so that they no longer perform this helper function," explains Mara Klohn.

The researchers became aware of the compound K11777 in a roundabout way: During a control study conducted as part of cell culture studies on the hepatitis C virus with a known active ingredient, they discovered that this active ingredient was also effective against hepatitis E. "However, the drug wasn't using the same pathway as with the hepatitis C virus, because the hepatitis E virus doesn't have the target structure that this active substance attacks," explains Mara Klohn. This suggested that the drug may have an effect on host cells instead.

The research team narrowed down the possible target structures and turned their attention to cathepsins, which can process proteins, i.e. cleave them. K11777 inhibits many cathepsin types, i.e. blocks their function. Tests in cell culture with human liver cells showed that the compound actually prevents infection with hepatitis E viruses. "In follow-up experiments, we proved our hypothesis that the compound prevents cathepsin L from cleaving and opening up the viral capsid," says Mara Klohn. "This means that the virus can no longer infect host cells."

Hepatitis E

The hepatitis E virus (HEV) is the main cause of acute viral hepatitis. Approximately 70,000 people die from the disease every year. After the first documented epidemic outbreak between 1955 and 1956, more than 50 years passed before researchers began to address the issue in depth. Acute infections usually clear up spontaneously in patients with an intact immune system. In patients with a reduced or suppressed immune system, such as organ transplant recipients or people infected with HIV, HEV can become chronic. HEV also poses a serious threat to pregnant women. There aren't any vaccines nor specific active substances against the virus.
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Much more than a world first image of radioactive cesium atoms | ScienceDaily
Thirteen years after the nuclear disaster at the Fukushima Daiichi Nuclear Power Plant (FDNPP), a breakthrough in analysis has permitted a world first: direct imaging of radioactive cesium (Cs) atoms in environmental samples.


						
The groundbreaking analysis, completed by a team of researchers in Japan, Finland, America, and France, analyzing materials emitted from the damaged FDNPP reactors, reveals important insights into the lingering environmental and radioactive waste management challenges faced in Japan. The study, titled ""Invisible" radioactive cesium atoms revealed: Pollucite inclusion in cesium-rich microparticles (CsMPs) from the Fukushima Daiichi Nuclear Power Plant" has just been published in the Journal of Hazardous Materials. 

The Fukushima Daiichi Meltdowns: A Continuing Engineering and Environmental Puzzle

In 2011, after the Great Tohoku Earthquake and Tsunami, 3 nuclear reactors at the FDNPP underwent meltdowns due to a loss of back-up power and cooling. Since then, extensive research efforts have focused on understanding the properties of fuel debris (the mixture of melted nuclear fuels and structural materials), found within the damaged reactors. That debris must be carefully removed and disposed of.

However, many uncertainties remain concerning the physical and chemical state of the fuel debris and this greatly complicates retrieval efforts.

Attempts to Understand the Chemistry of Radioactive Cesium Results in a World First 

A significant amount of radioactive Cs was released from the damaged Fukushima Daiichi reactors in particulate form. The particles, termed Cs-rich microparticles (CsMPs), are poorly soluble, small (< 5 mm) and have a glass-like composition.




Prof. Satoshi Utsunomiya from Kyushu University, Japan, led the current study. He explained that the CsMPs "formed in the bottom of the damaged reactors during the meltdowns, when molten nuclear fuel impacted concrete."

After formation, many CsMPs were lost from the reactor containment into the surrounding environment.

Detailed characterization of CsMPs has revealed important clues about the mechanisms and extent of the meltdowns. However, despite abundant Cs in the microparticles, direct atomic scale imaging of radioactive Cs in the particles has proven impossible.

Prof. Gareth Law, a study collaborator from the University of Helsinki, explained that "this means we lack full information on the chemical form of Cs in the particles and fuel debris."

Utsunomiya continued, "whilst Cs in the particles is present at reasonably high concentrations, it is often still too low for successful atomic scale imaging using advanced electron microscopy techniques. When Cs is found at a high enough concentration, we have found that the electron beam damages the sample, rendering resulting data useless." However, in the team's previous work using a state-of-the-art high-resolution high-angle annular dark-field scanning transmission electron microscope (HR-HAADF-STEM), they found inclusions of a mineral called pollucite (a zeolite) within CsMPs. Law explained that "in past analysis we showed that the iron-rich pollucite inclusions in the CsMPs contained >20 wt.% Cs. In nature, pollucite is generally aluminum-rich.

The pollucite in the CsMPs was clearly different to that in nature indicating it formed in the reactors." Utsunomiya continued, "because we knew that most of the Cs in CsMPs is fission derived, we thought that analysis of the pollucite could yield the first ever direct images of radioactive Cs atoms."

Zeolites can become amorphous when subjected to electron beam irradiation, but that damage is related to the composition of the zeolite, and the team found that some pollucite inclusions were stable in the electron beam.




Learning this and informed by modelling, the team set about pain-staking analysis that saw Utsunomiya, graduate student Kanako Miyazaki, and the team finally image radioactive Cs atoms.

Utsunomiya explained:

"It was incredibly exciting to see the beautiful pattern of Cs atoms in the pollucite structure, where about half of the atoms in the image correspond to radioactive Cs."

He continued: "this is first time humans have directly imaged radioactive Cs atoms in an environmental sample. Finding concentrations of radioactive Cs high enough in environmental samples that would permit direct imaging is unusual and presents safety issues. Whilst it was exciting to make a scientific world first image, at the same time it's sad that this was only possible due to a nuclear accident."

More than an Imaging Breakthrough

Utsunomiya emphasized that the study's findings are broader than mere imaging of radioactive Cs atoms: "Our work sheds light on pollucite formation and the likely heterogeneity of Cs distribution within the FDNPP reactors and the environment."

Law further underscored relevance: "we unequivocally demonstrate a new Cs occurrence associated with the materials emitted from the FDNPP reactors. Finding Cs containing pollucite in CsMPs likely means it also remains in the damaged reactors; as such, its properties can now be considered in reactor decommissioning and waste management strategies."

Collaborator Emeritus Prof. Bernd Grambow from Subatech, IMT Atlantique Nantes University, added that: "we should now also begin to consider the environmental behavior or Cs-pollucite and its possible impacts. It likely behaves differently to other forms of Cs fallout documented thus far. Also,the effect on human health might have to be considered. The chemical reactivity of pollucite in the environment and in body fluids is certainly different than that of other forms of deposited radioactive Cs." Finally reflecting on the study's significance, Prof. Rod Ewing from Stanford University underscored the pressing need for continued research to inform debris removal strategies and environmental remediation: "yet again, we see that the pain-staking analytical efforts of international scientists really can unlock the mysteries of nuclear accidents, aiding long-term recovery efforts."

The study, titled "Invisible radioactive cesium atoms revealed: Pollucite inclusion in cesium-rich microparticles (CsMPs) from the Fukushima Daiichi Nuclear Power Plant," is published in the Journal of Hazardous Materials. The work was supported by bilateral funding from the Japan Society for the Promotion of Science and the Research Council of Finland.
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Green concrete recycling twice the coal ash is built to last | ScienceDaily
New modelling reveals that low-carbon concrete developed at RMIT University can recycle double the amount of coal ash compared to current standards, halve the amount of cement required and perform exceptionally well over time.


						
More than 1.2 billion tonnes of coal ash were produced by coal-fired power plants in 2022. In Australia, it accounts for nearly a fifth of all waste and will remain abundant for decades to come, even as we shift to renewables.

Meanwhile, cement production makes up 8% of global carbon emissions and demand for concrete -- which uses cement as a key ingredient -- is growing rapidly.

Addressing both challenges head-on, engineers at RMIT have partnered with AGL's Loy Yang Power Station and the Ash Development Association of Australia to substitute 80% of the cement in concrete with coal fly ash.

RMIT project lead Dr Chamila Gunasekara said this represents a significant advance as existing low-carbon concretes typically have no more than 40% of their cement replaced with fly ash.

"Our addition of nano additives to modify the concrete's chemistry allows more fly ash to be added without compromising engineering performance," said Gunasekara, from RMIT's School of Engineering.

Finding new opportunities in overlooked pond ash

Comprehensive lab studies have shown the team's approach is also capable of harvesting and repurposing lower grade and underutilised 'pond ash'- taken from coal slurry storage ponds at power plants -- with minimal pre-processing.




Large concrete beam prototypes have been created using both fly ash and pond ash and shown to meet Australian Standards for engineering performance and environmental requirements.

"It's exciting that preliminary results show similar performance with lower-grade pond ash, potentially opening a whole new hugely underutilised resource for cement replacement," Gunasekara said.

"Compared to fly ash, pond ash is underexploited in construction due to its different characteristics. There are hundreds of megatonnes of ash wastes sitting in dams around Australia, and much more globally."

"These ash ponds risk becoming an environmental hazard, and the ability to repurpose this ash in construction materials at scale would be a massive win."

New modelling technology shows low-carbon concrete's long-term resilience 

A pilot computer modelling program developed by RMIT in partnership with Hokkaido University' Dr Yogarajah Elakneswaran has now been used to forecast the time-dependent performance of these new concrete mixtures.




According to Dr Yuguo Yu, an expert in virtual computational mechanics at RMIT, a longstanding challenge in the field has been to understand how newly developed materials will stand the test of time.

"We've now created a physics-based model to predict how the low-carbon concrete will perform over time, which offers us opportunities to reverse engineer and optimise mixes from numerical insights," Yu explained.

This pioneering approach -- recently unveiled in the journal Cement and Concrete Research -- reveals how various ingredients in the new low-carbon concrete interact over time.

"We're able to see, for example, how the quick-setting nano additives in the mix act as a performance booster during the early stages of setting, compensating for the large amounts of slower-setting fly ash and pond ash in our mixes," Gunasekara says.

"The inclusion of ultra-fine nano additives significantly enhances the material by increasing density and compactness."

This modelling, with its wide applicability to various materials, marks a crucial stride towards digitally assisted simulation in infrastructure design and construction.

By leveraging this technology, the team aims to instil confidence among local councils and communities in adopting novel low-carbon concrete for various applications.

This research was enabled by the ARC Industrial Transformation Research Hub for Transformation of Reclaimed Waste Resources to Engineered Materials and Solutions for a Circular Economy (TREMS). Led by RMIT's Professor Sujeeva Setunge, TREMS brings together top scientists, researchers and industry experts from nine Australian universities and 36 state, industry, and international partners to minimise landfill waste and repurpose reclaimed materials for construction and advanced manufacturing.
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Parasitic worm likely playing role in decline of moose populations | ScienceDaily
A parasitic worm that can infest the brains of moose appears to be playing a role in the decline of the iconic animal in some regions of North America.


						
Moose populations have been dwindling for years across the country due to many contributing factors, but new research at Washington State University has found the impact of Eleaophora schneideri, also known as the arterial worm, has likely been underestimated.

Researchers examined recently deceased Shiras moose in Idaho between March 2020 and July 2022. While the parasitic roundworm E. schneideri was not detected in any of the animals found in north Idaho, it was present in 10 of the 20 adult moose studied in the southeastern portion of the state. Nine of the infected not only had adult worms in their major arteries but their brains were littered with microfilariae, the microscopic early life stage of the worm.

"The microfilaria are just scattered throughout their brains, and even though the damage from each is miniscule, they're basically shot-gunning the whole brain," said Kyle Taylor, a pathologist at WSU's Washington Animal Disease Diagnostics Laboratory. "We hypothesize the cumulative effects of large numbers of microfilariae in the brain may be associated with increased morbidity or chance of mortality, with mortality more likely in cases with larger numbers of worms."

The research, published in the Journal of Wildlife Diseases, is part of a three-year collaborative project on moose mortality with the Idaho Fish and Game and Dr. Janet Rachlow of the University of Idaho, College of Natural Resources.

E. schneideri is primarily transmitted by tabanid flies like horse and deer flies. Mature worms can measure as long as 4.5 inches and are most commonly found in the carotid arteries in the area of the head and neck, where they will mate and release microfilariae into the bloodstream.

Infection can lead to a condition known as elaeophorosis in which the host's circulation system is disrupted. It can advance to blindness, abnormal behavior, damage to the ears and muzzle, and death. Infections have been reported in a variety of species, including deer, domestic and wild sheep, and elk. Unlike moose, mule deer and black-tail deer are considered to be natural hosts and typically show minimal to no signs of infection.




There are currently no tests available to determine whether a live moose is infected with the parasite.

Taylor's team examined 61 recently deceased moose in Idaho. No evidence of infection was found in northern Idaho moose or juveniles, but 10, or half, of the adult moose studied in southeastern Idaho were infected. Of those 10, three had damage to the tips of their ears, a condition attributed to E. schneideri infection. Four exhibited abnormal behavior prior to their deaths, possibly due to neuropathology associated with the parasite.

Based on their findings and that of other research, Taylor suspects the subtle but widespread damage to the brain caused by the worms may be leading to reduced fitness of the moose, which could increase risk of predation, and, sometimes, cause death.

"We really need to have an understanding of all the issues related to moose population decline, and this parasite appears to be a factor," Taylor said.

The study also explored the geographic spread of E. schneideri in Idaho. The parasite was found to be widespread in southeastern Idaho, aligning with its prevalence in neighboring regions of Montana and Wyoming. The distribution coincides with populations of mule deer.

Christine Haake, a pathology resident at WADDL and graduate student in the Department of Veterinary Microbiology and Pathology, helped to lead the study. Field sampling was performed and directed by Dr. Logan Weyand, who was a graduate student at the University of Idaho during the project. WADDL pathologist Chrissy Eckstrand and parasitologist Laura Williams assisted with the research.
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Exploring the mechanism behind drug eruptions in the skin | ScienceDaily
Although medications can often help patients find a cure or respite from their condition, millions of people worldwide suffer from unpredictable drug toxicities every year. In particular, drug eruptions which manifest through symptoms such as redness, blisters, and itching on the skin, are quite common. Severe drug eruptions can become life-threatening and can have long-lasting consequences. Thus, understanding how and why drug eruptions occur is an important area of research in medical science.


						
To this end, previous studies have identified specific variants of certain genes as potential causal agents of drug eruptions. Scientists believe that the genes encoding the human leukocyte antigen (HLA), a protein expressed on the surface of leucocytes known to play an important role in the immune system, are involved in the onset of drug eruption. However, current theories cannot explain why HLA-related drug eruptions typically manifest on the skin rather than in multiple organs throughout the body.

To address this knowledge gap, a research team including Lecturer Shigeki Aoki, Kousei Ito, and Akira Kazaoka from the Graduate School of Medical and Pharmaceutical Sciences, Chiba University, conducted an in-depth study on the link between HLA and drug eruptions. Their findings were published in PNAS Nexus on April 2, 2024.

The researchers first conducted a series of experiments on keratinocytes from mice, which are the primary type of cells found in the skin. These keratinocytes were engineered to express a specific variant of the HLA gene called HLA-B*57:01, which specifically bind to the antiviral drug abacavir. Then, they validated these findings in genetically modified mice expressing HLA-B*57:01, that were exposed to abacavir.

The researchers found that HLA-B*57:01 expressing keratinocytes that were exposed to abacavir exhibited endoplasmic reticulum (ER) stress responses, such as immediate release of calcium into the cytosol and elevated expression of heat shock protein 70 (HSP70). They also observed an increased production of cytokines and immune cell migration. Abacavir exposure triggered HLA misfolding in the ER, leading to ER stress. Moreover, the researchers observed that the ER stress could be reduced by using 4-phenylbutyrate (4-PB). By alleviating this stress, they managed to suppress the onset of severe drug eruption symptoms. This newfound knowledge could form the basis for innovative treatment options for management of drug eruptions.

But how does this new information contrast with what was already known about HLA? "HLA molecules are an integral component of our immune system, that typically present foreign antigens to white blood cells, which judge these antigens as self or non-self. In this established role, HLAs are usually secondary players," explains Dr. Aoki. "However, our research highlights a novel function of the HLA molecule within skin cells. We revealed that a specific HLA genotype in keratinocytes can recognize certain drugs as foreign, triggering an endoplasmic reticulum stress response."

Taken together, the findings of this study uncover a new role of HLA proteins in sensing and responding to potential threats in skin cells. Thus, their functions may extend well beyond mere antigen presentation for the immune system. Moreover, considering that the variant of HLA possessed by an individual can be determined through genetic testing, this study could help develop preventive measures and diagnostics against severe adverse drug reactions. According to Dr. Aoki, this is in line with current research directions and trends in medical science. "In 10 years, we anticipate entering the 'whole genome era,' where personalized medicine based on individual genomes will become a standard practice," he comments. He further adds, "Building on the findings of this study, we believe that a comprehensive understanding of the mechanism underlying HLA-dependent adverse drug reactions will enable the delivery of safe medical care, allowing patients to avoid unnecessary suffering due to side effects."

Overall, future investigations in this research area might minimize the occurrence of drug eruptions and save people from potentially fatal adverse drug reactions.

About Dr. Shigeki Aoki Dr. Shigeki Aoki is a lecturer at the Graduate School of Pharmaceutical Sciences, Chiba University, Japan. His research focuses mainly on cancer metabolism and drug toxicity. He has authored multiple papers published in reputed journals. Dr. Aoki is a member of various professional bodies in Japan. He has also received several awards for his research, including the Award for Young Scientists conferred by The Pharmaceutical Society of Japan.
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Highly pathogenic avian flu detected in New York City wild birds | ScienceDaily
A small number of New York City wild birds carry highly pathogenic H5N1 avian influenza, according to a recent study published in the Journal of Virology,a journal of the American Society for Microbiology. The work highlights that the interface between animals and humans that may give rise to zoonotic infections or even pandemics is not limited to rural environments and commercial poultry operations, but extends into urban centers.


						
"To my knowledge, this is the first large-scale U.S. study of avian influenza in an urban area, and the first with active community involvement," said study co-author Christine Marizzi, PhD, principal investigator of the New York City Virus Hunters (NYCVH) Program, and BioBus director of community science, Harlem, New York City. "Birds are key to finding out which influenza and other avian viruses are circulating in the New York City area, as well as important for understanding which ones can be dangerous to both other birds and humans. And we need more eyes on the ground -- that's why community involvement is really critical."

The study came out of a program to monitor wild birds, which is a partnership between BioBus, the Icahn School of Medicine at Mount Sinai and the Wild Bird Fund. Through the program, local high school students partake in the research and communication efforts as paid interns under expert mentorship. Wearing appropriate protective gear, the students collect bird fecal samples in urban parks and green spaces. Additional samples from wild urban birds are submitted to the study by local animal rehabilitation centers such as the Wild Bird Fund and Animal Care Centers of New York. Students then help screen all samples in the Krammer laboratory at the Icahn School of Medicine at Mount Sinai for viruses.

In the study, the NYCVH collected and screened 1927 samples between January 2022 and November 2023 and picked up the H5N1 signal by detecting it in 6 city birds representing 4 different species. All the positive samples came from the urban wildlife rehabilitation centers, stressing the critical role such centers can play in viral surveillance. By comparing the genetic makeup of the samples to each other and other available H5N1 viruses in a public database, the researchers found that they were slightly different and belonged to 2 different genotypes, which are both a mix of Eurasian H5N1 2.3.4.4.b clade virus and local North American avian influenza viruses. New York City is a popular stopover location for migrating wild birds during their remarkable journey.

"It is important to mention that, because we found H5N1 in city birds, this does not signal the start of a human influenza pandemic. We know that H5N1 has been around in New York City for about 2 years and there have been no human cases reported," Marizzi said.

Marizzi said that in their outreach, they spread awareness about H5N1 in city birds and provide information about what people can do to protect themselves. "It's smart to stay alert and stay away from wildlife. This also includes preventing your pets from getting in close contact with wildlife," said Marizzi. If one must handle wildlife, it is important to always use safe practices any time when handling a sick or injured bird or other animals.
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Repurposed beer yeast may offer a cost-effective way to remove lead from water | ScienceDaily
Every year, beer breweries generate and discard thousands of tons of surplus yeast. Researchers from MIT and Georgia Tech have now come up with a way to repurpose that yeast to absorb lead from contaminated water.


						
Through a process called biosorption, yeast can quickly absorb even trace amounts of lead and other heavy metals from water. The researchers showed that they could package the yeast inside hydrogel capsules to create a filter that removes lead from water. Because the yeast cells are encapsulated, they can be easily removed from the water once it's ready to drink.

"We have the hydrogel surrounding the free yeast that exists in the center, and this is porous enough to let water come in, interact with yeast as if they were freely moving in water, and then come out clean," says Patricia Stathatou, a former postdoc at the MIT Center for Bits and Atoms, who is now a research scientist at Georgia Tech and an incoming assistant professor at Georgia Tech's School of Chemical and Biomolecular Engineering. "The fact that the yeast themselves are bio-based, benign, and biodegradable is a significant advantage over traditional technologies."

The researchers envision that this process could be used to filter drinking water coming out of a faucet in homes, or scaled up to treat large quantities of water at treatment plants.

MIT graduate student Devashish Gokhale and Stathatou are the lead authors of the study, which appears today in the journal RSC Sustainability. Patrick Doyle, the Robert T. Haslam Professor of Chemical Engineering at MIT, is the senior author of the paper, and Christos Athanasiou, an assistant professor of aerospace engineering at Georgia Tech and a former visiting scholar at MIT, is also an author.

Absorbing lead

The new study builds on work that Stathatou and Athanasiou began in 2021, when Athanasiou was a visiting scholar at MIT's Center for Bits and Atoms. That year, they calculated that waste yeast discarded from a single brewery in Boston would be enough to treat the city's entire water supply.




Through biosorption, a process that is not fully understood, yeast cells can bind to and absorb heavy metal ions, even at challenging initial concentrations below 1 part per million. The MIT team found that this process could effectively decontaminate water with low concentrations of lead. However, one key obstacle remained, which was how to remove yeast from the water after they absorb the lead.

In a serendipitous coincidence, Stathatou and Athanasiou happened to present their research at the AIChE Annual Meeting in Boston in 2021, where Gokhale, a student in Doyle's lab, was presenting his own research on using hydrogels to capture micropollutants in water. The two sets of researchers decided to join forces and explore whether the yeast-based strategy could be easier to scale up if the yeast were encapsulated in hydrogels developed by Gokhale and Doyle.

"What we decided to do was make these hollow capsules -- something like a multivitamin pill, but instead of filling them up with vitamins, we fill them up with yeast cells," Gokhale says. "These capsules are porous, so the water can go into the capsules and the yeast are able to bind all of that lead, but the yeast themselves can't escape into the water."

The capsules are made from a polymer called polyethylene glycol (PEG), which is widely used in medical applications. To form the capsules, the researchers suspend freeze-dried yeast in water, then mix them with the polymer subunits. When UV light is shone on the mixture, the polymers link together to form capsules with yeast trapped inside.

Each capsule is about half a millimeter in diameter. Because the hydrogels are very thin and porous, water can easily pass through and encounter the yeast inside, while the yeast remain trapped.

In this study, the researchers showed that the encapsulated yeast could remove trace lead from water just as rapidly as the unencapsulated yeast from Stathatou and Athanasiou's original 2021 study.




Scaling up

Led by Athanasiou, the researchers tested the mechanical stability of the hydrogel capsules and found that the capsules and the yeast inside can withstand forces similar to those generated by water running from a faucet. They also calculated that the yeast-laden capsules should be able to withstand forces generated by flows in water treatment plants serving several hundred residences.

"Lack of mechanical robustness is a common cause of failure of previous attempts to scale-up biosorption using immobilized cells; in our work we wanted to make sure that this aspect is thoroughly addressed from the very beginning to ensure scalability," Athanasiou says.

After assessing the mechanical robustness of the yeast-laden capsules, the researchers constructed a proof-of-concept packed-bed biofilter, capable of treating trace lead-contaminated water and meeting U.S. Environmental Protection Agency drinking water guidelines while operating continuously for 12 days.

This process would likely consume less energy than existing physicochemical processes for removing trace inorganic compounds from water, such as precipitation and membrane filtration, the researchers say.

This approach, rooted in circular economy principles, could minimize waste and environmental impact while also fostering economic opportunities within local communities. Although numerous lead contamination incidents have been reported in various locations in the United States, this approach could have an especially significant impact in low-income areas that have historically faced environmental pollution and limited access to clean water, and may not be able to afford other ways to remediate it, the researchers say.

"We think that there's an interesting environmental justice aspect to this, especially when you start with something as low-cost and sustainable as yeast, which is essentially available anywhere," Gokhale says.

The researchers are now exploring strategies for recycling and replacing the yeast once they're used up, and trying to calculate how often that will need to occur. They also hope to investigate whether they could use feedstocks derived from biomass to make the hydrogels, instead of fossil-fuel-based polymers, and whether the yeast can be used to capture other types of contaminants.

"Moving forward, this is a technology that can be evolved to target other trace contaminants of emerging concern, such as PFAS or even microplastics," Stathatou says. "We really view this as an example with a lot of potential applications in the future."

The research was funded by the Rasikbhai L. Meswani Fellowship for Water Solutions, the MIT Abdul Latif Jameel Water and Food Systems Lab (J-WAFS), and the Renewable Bioproducts Institute at Georgia Tech.
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Iconic baobabs: The origin and long-distance travels of upside down trees | ScienceDaily


						The iconic baobabs, also known as upside-down trees, or the tree of life, have much cultural significance, inspiring innumerable arts, folklore, and traditions. A research published in Nature, involving international collaboration between Wuhan Botanical Garden (China), Royal Botanic Gardens (Kew, UK), University of Antananarivo (Madagascar) and Queen Mary University of London (UK) reveal a remarkable example of species radiation in Madagascar followed by long distance dispersal to Africa and Australia. With speciation, an astonishing divergence of pollination mechanisms evolved, that exploit hawkmoths, bats and lemurs for a simple nectar reward.


						
The charismatic baobabs have astonishing growth forms, reaching huge sizes with massive trunks, but apparently diminutive crowns, giving them their iconic appearance as upside-down trees. The team first assembled the genomes of the eight recognised species and worked out their patterns of speciation. They then analysed the genomes themselves and discovered that the ancestor of all eight species most likely radiated in Madagascar, where they made hybrids, before two species underwent astonishing long-distance travels, one to Africa and another to Australia. In that radiation the species evolved different flower structures to attract hawkmoths, lemurs and bats.

Quote: Professor Andrew Leitch at Queen Mary University of London said, "We were delighted to be involved in this project uncovering patterns of baobab speciation in Madagascar followed by the astonishing long-distance dispersal of two species, one to Africa and another to Australia. This was accompanied by the evolution of some fascinating pollination syndromes involving hawkmoths, lemurs and bats."

Quote: Dr. Ilia Leitch at Royal Botanic Garden Kew said, "This work has uncovered new insights into the patterns of speciation in baobabs and shows how climate change has influenced baobab distribution and speciation patterns over millions of years."

Quote: Husband and wife team Andrew and Ilia Leitch at Queen Mary University of London and Royal Botanic Gardens Kew said. 'We were delighted to be involved in this project uncovering patterns of baobab speciation in Madagascar before the astonishing long-distance dispersal of two species, one to Africa and another to Australia. The work also provides new insights into how climate change has influenced baobab distribution and speciation patterns over millions of years'.
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First 'warm-blooded' dinosaurs may have emerged 180 million years ago | ScienceDaily
The ability to regulate body temperature, a trait all mammals and birds have today, may have evolved among some dinosaurs early in the Jurassic period about 180 million years ago, suggests a new study led by UCL and University of Vigo researchers.


						
In the early 20th century, dinosaurs were considered slow-moving, "cold-blooded" animals like modern-day reptiles, relying on heat from the sun to regulate their temperature. Newer discoveries indicate some dinosaur types were likely capable of generating their own body heat but when this adaptation occurred is unknown.

The new study, published in the journal Current Biology, looked at the spread of dinosaurs across different climates on Earth throughout the Mesozoic Era (the dinosaur era lasting from 230 to 66 million years ago), drawing on 1,000 fossils, climate models and the geography of the period, and dinosaurs' evolutionary trees.

The research team found that two of the three main groupings of dinosaurs, theropods (such as T. rex and Velociraptor) and ornithischians (including relatives of the plant eaters Stegosaurus and Triceratops), moved to colder climates during the Early Jurassic, suggesting they may have developed endothermy (the ability to internally generate heat) at this time. In contrast, sauropods, the other main grouping which includes the Brontosaurus and the Diplodocus, kept to warmer areas of the planet.

Previous research has found traits linked to warm-bloodedness among ornithischians and theropods, with some known to have had feathers or proto-feathers, insulating internal heat.

First author Dr Alfio Alessandro Chiarenza, of UCL Earth Sciences, said: "Our analyses show that different climate preferences emerged among the main dinosaur groups around the time of the Jenkyns event 183 million years ago, when intense volcanic activity led to global warming and extinction of plant groups.

"At this time, many new dinosaur groups emerged. The adoption of endothermy, perhaps a result of this environmental crisis, may have enabled theropods and ornithischians to thrive in colder environments, allowing them to be highly active and sustain activity over longer periods, to develop and grow faster and produce more offspring."

Co-author Dr Sara Varela, of the Universidade de Vigo, Spain, said: "Theropods also include birds and our study suggests that birds' unique temperature regulation may have had its origin in this Early Jurassic epoch.




"Sauropods, on the other hand, which stayed in warmer climates, grew to a gigantic size at around this time -- another possible adaptation due to environmental pressure. Their smaller surface area to volume ratio would have meant these larger creatures would lose heat at a reduced rate, allowing them to stay active for longer."

In the paper, the researchers also investigated if sauropods might have stayed at lower latitudes to eat richer foliage unavailable in colder polar regions. Instead, they found sauropods seemed to thrive in arid, savannah-like environments, supporting the idea that their restriction to warmer climates was more related to higher temperature and then to a more cold-blooded physiology. During that time, polar regions were warmer, with abundant vegetation.

The Jenkyns event occurred after lava and volcanic gasses erupted from long fissures in the Earth's surface, covering large areas of the planet.

Co-author Dr Juan L. Cantalapiedra, of the Museo Nacional de Ciencias Naturales, Madrid, Spain, said: "This research suggests a close connection between climate and how dinosaurs evolved. It sheds new light on how birds might have inherited a unique biological trait from dinosaur ancestors and the different ways dinosaurs adapted to complex and long-term environmental changes."

The study involved researchers from UCL, University of Vigo, the University of Bristol and the Museo Nacional de Ciencias Naturales in Madrid, and received funding from the European Research Council, the Spanish Ministry of Research, the Natural Environment Research Council and the Royal Society.
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Bio-based resins could offer recyclable future for 3D printing | ScienceDaily
A new type of recyclable resin, made from biosourced materials, has been designed for use in 3D printing applications.


						
In a study, published today [15 May 2024] in Nature, researchers from the University of Birmingham showed that high-resolution, 3D printed structures can be manufactured from an entirely bio-sourced feedstock.

Once they have reached the end of their useful life, the products can be recycled within an almost fully closed-loop system.

Photopolymer resins, which harden -- or cure -- on exposure to light, are commonly used in the manufacture of bespoke 3D printed parts. However, while technologies to improve the resolution of 3D printing and its speed of manufacture have advanced considerably, the resins themselves have changed very little since the process first emerged in the 1980s.

The basic materials -- usually epoxies or acrylics -- come mostly from petrochemical feedstocks. Although some progress has been made in the use of more sustainable resins derived from biomass, the recyclability of these is still limited, because they rely on irreversible bonds being created when the resin hardens. To break these bonds, additional chemicals have to be added at each stage, resulting in a 'snowballing effect', in which the only way to recycle the material is to make more of it.

In contrast, the Birmingham-led team has, for the first time, succeeded in producing a photopolymer resin that can be printed at high resolution but can then be broken back down to its constituent parts, recycled and reprinted, with the addition of just a small amount of photoinitiator to maintain the material's curable properties.

Lead researcher Professor Andrew Dove said: "Our approach is an important step away from relying on 3D-printable resins made from petrochemicals, which cannot be efficiently recycled. While we still have improvements to make to the properties of the new resin, this research opens up exciting new avenues for development."

The feedstock for the process is made from lipoic acid, a naturally occurring fatty acid molecule that is commonly sold as a dietary supplement. The team made a combination of two monomers from the lipoic acid from which they were able to make a resin that could be recycled either back into the monomers, or right back to the original molecule for recycling.




In the study, the researchers completed two 'recycles', but anticipate that further recycles would be possible.

Uses for the material could include industries where rapid prototyping is used to test products before moving to mass production. Although currently the material is more flexible than might be commonly used in industry, future applications could include automotive parts, medical and dental components, and even jewellery design.

Co-lead researcher Assistant Professor Josh Worch said: "Enabling recycling within the light-mediated 3D printing industry is essential since it is a rapidly expanding method for materials production. We now have the prospect, with our technology, to help ensure that recycling becomes a built-in feature of 3D printing."

University of Birmingham Enterprise has filed a patent application covering the resin and its use in 3D printing.
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Promising new development in solar cell technology | ScienceDaily
Researchers from Kaunas University of Technology (KTU), Lithuania, who contributed to the development of record-breaking solar cells a few years ago, expanded their invention. The self-assembled monolayers can now be applied not only in inverted but also in regular structure perovskite solar cells.


						
Self-assembling molecules arrange themselves into a single-molecule-thick layer and in this case, they act as an electron-transporting layer in solar cells.

"The molecules that make up these monolayers, like a clever glue, coat the surface of the constructed devices with a thin one molecule thick layer. And this is not random, they don't stick wherever they go, but attach themselves by chemical bonds only where they are in contact with conductive metal oxide," explains Tadas Malinauskas, Professor at KTU's Faculty of Chemical Technology and one of the inventors of the new technology.

According to Malinauskas, the development of such a layer is a relatively simple and material-efficient process that requires a glass substrate with an electrically conductive metal oxide layer to be immersed in or sprayed with a highly diluted solution of the compound.

In this way, the self-assembling molecules are only attached to the surface of the metal oxide, and those that do not stick are washed away. This way a thin layer is created only where it is needed.

A crucial step in the development of the next generation solar cells

A team of KTU researchers has been synthesising and studying charge-transporting organic materials for several years. Previous experiments have focused more on molecules used for positive charge transfer in the perovskite solar cells.




"We can already say with confidence that these molecules have given a major boost to the development of the next generation solar cells. So, our next step is quite logical: to develop analogous molecules that can carry negative charges, and to apply these materials in perovskite solar cells," says Vytautas Getautis, professor at the KTU Faculty of Chemical Technology and Head of the research group in charge of invention.

Although it is a very thin layer, the role it plays in solar cells is extremely important. Malinauskas says that the best analogy for its function is the subway. "This layer, like an automatic gate on the subway, allows only one type of charge to pass through and continue its journey towards the electrode," he says.

In this way, self-assembled molecules increase the efficiency of solar cells.

Perovskite solar cell structures differ in the sequence of layers. In the regular structure, a negative charge transporting layer is formed on a transparent substrate, followed by light-absorbing and positive charge transporting layers. In solar cells with an inverted structure, the positive and negative charge transport layers are swapped.

Inventor and KTU PhD student Lauryna Monika Svirskaite says that the main difference between the two structures is the areas of their application.

"The regular structure is more widely used to study low-cost, easier-manufactured but less efficient solar cells. The inverted architecture allows them to be used in the construction of much more efficient combined devices, also known as tandem devices," says Svirskaite.




At the moment, as both structures are being intensively researched, the KTU scientists believe that the new invention is just as significant and promising as the last one.

The strongest inventions in the KTU patent portfolio

The new invention is the result of a collaboration with scientists from King Abdullah University of Science and Technology (KAUST).

"We, KTU chemists, were responsible for the development, improvement, and optimisation of the materials and coating technology, while our colleagues from Saudi Arabia investigated the performance of it in solar cells," reveals Malinauskas.
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Scientists generate heat over 1,000 degrees Celsius with solar power instead of fossil fuel | ScienceDaily
Instead of burning fossil fuels to smelt steel and cook cement, researchers in Switzerland want to use heat from the sun. The proof-of-concept study, published May 15 in the journal Device, uses synthetic quartz to trap solar energy at temperatures over 1,000degC (1,832degF), demonstrating the method's potential role in providing clean energy for carbon-intensive industries.


						
"To tackle climate change, we need to decarbonize energy in general," says corresponding author Emiliano Casati of ETH Zurich, Switzerland. "People tend to only think about electricity as energy, but in fact, about half of the energy is used in the form of heat."

Glass, steel, cement, and ceramics are at the very heart of modern civilization, essential for building everything from car engines to skyscrapers. However, manufacturing these materials demands temperatures over 1,000degC and relies heavily on burning fossil fuels for heat. These industries account for about 25% of global energy consumption. Researchers have explored a clean-energy alternative using solar receivers, which concentrate and build heat with thousands of sun-tracking mirrors. However, this technology has difficulties transferring solar energy efficiently above 1,000degC.

To boost the efficiency of solar receivers, Casati turned to semitransparent materials such as quartz, which can trap sunlight -- a phenomenon called the thermal-trap effect. The team crafted a thermal-trapping device by attaching a synthetic quartz rod to an opaque silicon disk as an energy absorber. When they exposed the device to an energy flux equivalent to the light coming from 136 suns, the absorber plate reached 1,050degC (1,922degF), whereas the other end of the quartz rod remained at 600degC (1,112degF).

"Previous research has only managed to demonstrate the thermal-trap effect up to 170degC (338degF)," says Casati. "Our research showed that solar thermal trapping works not just at low temperatures, but well above 1,000degC. This is crucial to show its potential for real-world industrial applications."

Using a heat transfer model, the team also simulated the quartz's thermal-trapping efficiency under different conditions. The model showed that thermal trapping achieves the target temperature at lower concentrations with the same performance, or at higher thermal efficiency for equal concentration. For example, a state-of-the-art (unshielded) receiver has an efficiency of 40% at 1,200degC, with a concentration of 500 suns. The receiver shielded with 300 mm of quartz achieves 70% efficiency at the same temperature and concentration. The unshielded receiver requires at least 1,000 suns of concentration for comparable performance.

Casati and his colleagues are now optimizing the thermal-trapping effect and investigating new applications for the method. So far, their research has been promising. By exploring other materials, such as different fluids and gases, they were able to reach even higher temperatures. The team also noted that these semitransparent materials' ability to absorb light or radiation is not limited to solar radiation.

"Energy issue is a cornerstone to the survival of our society," says Casati. "Solar energy is readily available, and the technology is already here. To really motivate industry adoption, we need to demonstrate the economic viability and advantages of this technology at scale."
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The case for sharing carbon storage risk | ScienceDaily
Even the most optimistic projections for the rapid build-out of solar, wind, and other low-carbon resources acknowledge that coal, natural gas, and other fossil fuels will dominate the world's energy mix for decades to come. If the vast greenhouse gas emissions from burning these fossil fuels continue to enter the planet's atmosphere, global warming will not be limited to sustainable levels. The capture and geologic sequestration of carbon emissions (CCS) offer a promising solution to the world's carbon conundrum.


						
Even with growing technological maturity and generous public policy support, however, the necessary CCS rush is lagging due to inefficient and oft-stifling liability regimes in the United States and elsewhere. A recent Nature Sustainability comment by Felix Mormann, a professor at Texas A&M University School of Law, reveals critical shortcomings in CCS liability management and proposes a multi-tiered framework, modeled after nuclear power plant liability, to reconcile the global interest in CCS deployment with developers' limited risk-bearing capacity and the need for adequate compensation in the event of an accident.

Jurisdictions with dedicated liability regimes for sequestered carbon generally fall into one of two camps. The first camp holds developers liable for carbon stored underground over extended timeframes, such as the 50-year liability imposed by U.S. federal law, which doubles to 100 years for projects tapping into the lucrative incentives offered under California law. The second camp, including Australia, the Canadian province of Alberta as well as certain E.U. members and U.S. states among other jurisdictions, allows CCS operators to transfer liability for their sequestration sites shortly after carbon injections end.

"Neither of these approaches is likely to deliver the CCS projects we need to put a serious dent in the world's carbon emissions," Mormann said. "Strict long-term liability can have a stifling effect on deployment. The 'get-out-of-jail-free-card' of liability transfer, meanwhile, diminishes a developer's incentives to apply the requisite care in the selection, development, and operation of their carbon sequestration site."

Thinking through the challenges of managing CCS liability, Mormann was reminded of another sustainable energy technology -- nuclear power -- that struggled to enter the mainstream some seventy years ago.

"The parallels between CCS and nuclear power are far from obvious at first glance. After all, nuclear produces a desirable commodity in the form of electricity, while CCS removes an unwanted by-product of generating that same commodity using fossil fuels," emphasizes Mormann. "But the more I studied it, the more I realized that CCS projects today engender many of the same competing interests that nuclear power evoked back in the 1950s: strong societal interest in more sustainable energy technology, private industry's fear of possibly crushing liability, and the public's need for protection against unlikely but potentially devastating accidents."

Based on this nuclear-CCS analogy, Mormann's comment proposes a multi-tiered framework for managing CCS liability modeled after the 1957 Price-Anderson Act that jumpstarted the U.S. nuclear power industry. The proposed framework would hold individual sequestration sites liable up to the maximum of commercially available liability insurance. For damages beyond these limits, all sequestration sites in the jurisdiction would pitch in via a form of pooled industry self-insurance, again up to a specified limit.

"If the nuclear experience is any indication," explains Mormann, "this secondary layer of industry-shared liability is likely to encourage knowledge sharing and communitarian self-regulation among CCS operators that further reduces the risk of accidents." Only once these first two layers have been exhausted, would government step in to provide additional funds, in recognition of the societal interest in the safe and timely deployment of this crucial decarbonization technology.
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Genetics provide key to fight crown-of-thorns starfish | ScienceDaily
Scientists are one step closer to combating coral-destroying crown-of-thorns starfish, following a University of Queensland study into the pest's genetics.


						
In a world first study, University of Queensland PhD candidates Marie Morin and Mathias Jonsson analysed the genetics of the toxic coral-eating invertebrates found on the Great Barrier Reef.

"By understanding how crown-of-thorns (COTS) starfish genes work, we can unlock the mechanisms behind their key behaviours and find ways to stop them breeding," Ms Morin said.

"In this study we looked at 'gene expression', which is the process by which the information encoded in a gene is used to create a functional gene product, such as a protein or RNA.

"We identified more than 2000 protein-coding genes which changed significantly between summer and winter."

The research team also found ways to isolate the genes that communicate during the starfish's reproduction process.

"This is a promising sign because if we can find ways to disrupt this communication genetically, it could stop the starfish reproducing," Ms Morin said.




The next step in the research will involve further genetic analysis and potentially the development of natural pest control measures on the Great Barrier Reef.

Senior author Professor Bernard Degnan said analysing wild starfish, as opposed to captured starfish, was critical.

"Analysing marine animals in a lab can cause changes to the animal and its functional genetics," he said.

"By capturing crown-of-thorns starfish in the deep heart of the Great Barrier Reef (GBR), we were able find out what's really happening in wild populations."

GBR Foundation COTS Control Innovation Program Director Dr Mary Bonin said while crown-of-thorn starfish were native to the Great Barrier Reef, outbreaks were a major threat and protecting coral was critical for the Reef's long-term health and resilience.

"This exciting research paves the way for the development of new control tools to help address this threat to reef health," Dr Bonin said.

The project was supported by an ARC Linkage grant to UQ and partners The Great Barrier Reef Foundation and the Association of Marine Park Tourism Operators Limited (AMPTO).
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Meet the new insect killing Utah's fir trees | ScienceDaily
A nonnative tree-killing insect is invading northern Utah, attacking subalpine fir and potentially triggering yet another die-off of the region's long-stressed conifer forests.


						
Introduced from central Europe into the Pacific Northwest about a century ago, the balsam woolly adelgid, or BWA, first detected in Utah in 2017 and has been spreading around the Wasatch Mountains, visibly affecting many of the popular recreation canyons outside Salt Lake City.

New research from the University of Utah, conducted in partnership with the U.S. Forest Service, has documented the current extent of the adelgid infestation and created a model for predicting its severity around the Uinta-Wasatch-Cache National Forest.

The study documented a clear relationship between the infestation's severity and temperature, according to lead author Mickey Campbell, a research assistant professor in the Department of Geography (soon to be merged with the Environmental Studies program and renamed the School of Environment, Society and Sustainability.)

"We took that climate-to-severity relationship along with a series of climate projections and we were able to map current and future exposure to BWA damage at a high spatial resolution," Campbell said. "The idea [is], in 2040, 2060, 2080, and 2100, based on these different climate projections, determining how exposed these areas are to the potential damaging effects of BWA. And indeed, we find that for an insect that prefers warmer areas, a warming climate is going to provide it with more opportunity to cause damage."

The study appears this month in the journal Forest Ecology and Management. Co-authors include U Biology Professor William Anderegg, director of the Wilkes Center for Climate Science and Policy. [The center hosts its annual Climate Summit on May 14-15, where Anderegg will give opening remarks.]

The study, which was funded by the Forest Service, is also intended to provide land managers with tools to predict and mitigate future damage as the BWA infestation spreads. The team created an on-line interactive dashboard that illustrates how the insect damage is expected to unfold in the Uinta-Wasatch-Cache National Forest.




Covering the Wasatch, Uinta, Bear River and a few lesser mountain ranges in northern Utah, this forest is among the nation's busiest for recreation.

Aside from an appetite for conifers, this new arrival to Utah has little in common with the native bark beetles that have devastated stands of lodgepole pine, ponderosa and Engelmann spruce all over the West in recent decades. While beetles gnaw away and burrow through the phloem under the trees' bark, the much smaller, flightless adelgid sucks out the trees' fluids and leaves behind a toxic saliva.

"It inserts its stylet, which is like a feeding tube, between the cells of the bark, and eventually finds parenchyma cells and it feeds on the fluids and starches that are contained within those parenchyma cells," said study co-author Justin Williams, an entomologist with the Forest Service's Forest Health Protection program.

While slurping, the insect excretes a substance that weakens the tree's defenses and causes damage that impedes the flow of nutrients between root and crown, he said. The saliva promotes abnormal cell growth that results in the tell-tale signs of "gouting," the appearance of swollen branch nodes.

Infested trees can die with three to five years, while white fir withstand infestation with no apparent ill effects.

The research team documented the current extent of Utah's BWA infestation by staking out 58 plots in the Wasatch and Uinta mountains, each 30 meters in diameter, covering just under one fifth of an acre and each containing 150 to 200 trees. Every fir tree larger than 5 centimeters in diameter was evaluated on the severity of infestations based on the presence of gouting, woolly deposits adelgid leave on the trunk, crown deformities, and dead needles.

The research concluded 41% of the study area's subalpine fir biomass is climatically exposed to some level of damage. And by 2100 under even moderate climate projections, 79% will be exposed, with 37% predicted to feature relatively high severity.

In Farmington Canyon north of Salt Lake City, where BWA was first documented in Utah, subalpine fir is experiencing widespread mortality.

"Maybe that's because it's been there the longest," Campbell said, "but also maybe there's something geographic about that area that makes it more susceptible to damage from the insect."
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Scientists develop an affordable sensor for lead contamination | ScienceDaily
Engineers at MIT, Nanytang Technological University, and several companies have developed a compact and inexpensive technology for detecting and measuring lead concentrations in water, potentially enabling a significant advance in tackling this persistent global health issue.


						
The World Health Organization estimates that 240 million people worldwide are exposed to drinking water that contains unsafe amounts of toxic lead, which can affect brain development in children, cause birth defects, and produce a variety of neurological, cardiac, and other damaging effects. In the United States alone, an estimated 10 million households still get drinking water delivered through lead pipes.

"It's an unaddressed public health crisis that leads to over 1 million deaths annually," says Jia Xu Brian Sia, an MIT postdoc and the senior author of the paper describing the new technology.

But testing for lead in water requires expensive, cumbersome equipment and typically requires days to get results. Or, it uses simple test strips that simply reveal a yes-or-no answer about the presence of lead but no information about its concentration. Current EPA regulations require drinking water to contain no more that 15 parts per billion of lead, a concentration so low it is difficult to detect.

The new system, which could be ready for commercial deployment within two or three years, could detect lead concentrations as low as 1 part per billion, with high accuracy, using a simple chip-based detector housed in a handheld device. The technology gives nearly instant quantitative measurements and requires just a droplet of water.

The findings are described in a paper appearing today in the journal Nature Communications, by Sia, MIT graduate student and lead author Luigi Ranno, Professor Juejun Hu, and 12 others at MIT and other institutions in academia and industry.

The team set out to find a simple detection method based on the use of photonic chips, which use light to perform measurements. The challenging part was finding a way to attach to the photonic chip surface certain ring-shaped molecules known as crown ethers, which can capture specific ions such as lead. After years of effort, they were able to achieve that attachment via a chemical process known as Fischer esterification. "That is one of the essential breakthroughs we have made in this technology," Sia says.




In testing the new chip, the researchers showed that it can detect lead in water at concentrations as low as one part per billion. At much higher concentrations, which may be relevant for testing environmental contamination such as mine tailings, the accuracy is within 4 percent.

The device works in water with varying levels of acidity, ranging from pH values of 6 to 8, "which covers most environmental samples," Sia says. They have tested the device with seawater as well as tap water, and verified the accuracy of the measurements.

In order to achieve such levels of accuracy, current testing requires a device called an inductive coupled plasma mass spectrometer. "These setups can be big and expensive," Sia says. The sample processing can take days and requires experienced technical personnel.

While the new chip system they developed is "the core part of the innovation," Ranno says, further work will be needed to develop this into an integrated, handheld device for practical use. "For making an actual product, you would need to package it into a usable form factor," he explains. This would involve having a small chip-based laser coupled to the photonic chip. "It's a matter of mechanical design, some optical design, some chemistry, and figuring out the supply chain," he says. While that takes time, he says, the underlying concepts are straightforward.

The system can be adapted to detect other similar contaminants in water, including cadmium, copper, lithium, barium, cesium, and radium, Ranno says. The device could be used with simple cartridges that can be swapped out to detect different elements, each using slightly different crown ethers that can bind to a specific ion.

"There's this problem that people don't measure their water enough, especially in the developing countries," Ranno says. "And that's because they need to collect the water, prepare the sample, and bring it to these huge instruments that are extremely expensive." Instead, "having this handheld device, something compact that even untrained personnel can just bring to the source for on-site monitoring, at low costs," could make regular, ongoing widespread testing feasible.

Hu, who is the John F. Elliott Professor of Materials Science and Engineering, says, "I'm hoping this will be quickly implemented, so we can benefit human society. This is a good example of a technology coming from a lab innovation where it may actually make a very tangible impact on society, which is of course very fulfilling."

The team included researchers at MIT, at Nanyang Technological University and Temasek Laboratories in Singapore, at the University of Southampton in the U.K., and at companies Fingate Technologies, in Singapore, and Vulcan Photonics, headquartered in Malaysia. The work used facilities at MIT.nano, the Harvard University Center for Nanoscale Systems, NTU's Center for Micro- and Nano-Electronics, and the Nanyang Nanofabrication Center.
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Far from toxic, lactate rivals glucose as body's major fuel after a carbohydrate meal | ScienceDaily
As a student competing in track and field at his Parlier high school, Robert Leija was obsessed with how to improve his performance and, in particular, prevent the buildup of lactic acid in his muscles during training. Like many athletes, he blamed it for the performance fatigue and muscle soreness he experienced after intense workouts.


						
But as a kinesiology student at Fresno State, he was handed an out-of-print textbook that told him he had it all wrong. Lactate wasn't a danger sign that athletes had depleted their body's supply of oxygen, but likely a normal product of the metabolic activity required to fuel the muscles during sustained exercise.

Now, as a graduate student in the University of California, Berkeley, laboratory of the scientist who wrote that textbook, George Brooks, his research is providing a much clearer picture of lactate's role in the body, further refuting the notion that lactate is a sign of oxygen deprivation in the muscles.

In a paper published in February in the journal Nature Metabolism, Leija, Brooks and their colleagues showed conclusively that lactate is produced normally in humans after ingestion of carbohydrates. Lactate rapidly enters the bloodstream, even before glucose shows up. Far from being a toxic byproduct to be eliminated during hard exercise, dietary glucose is converted so rapidly to lactate that it preempts or shares top billing with glucose as the two main carbon-energy carriers in the body.

The results show that the rapid conversion of glucose to lactate, starting initially in the intestines, is a way for the body to deal with a sudden dose of carbohydrates. Lactate, working with insulin, buffers the appearance of dietary glucose in the blood.

"Instead of a big glucose surge, we have a lactate and glucose surge after eating," said Brooks, a UC Berkeley professor of integrative biology. "And the more of it that is converted into lactate from glucose, the better it is to manage glucose. Lactate is a carbohydrate buffer."

Brooks and his colleagues had earlier shown this to be true during intense exercise. The new study confirms that lactate plays the same role during normal non-exercise activity and resting.




"It's evidence to show that lactate shouldn't be associated with anaerobic metabolism -- that is oxygen-limited metabolism. It's just a normal response to consuming carbohydrates or to exercise," Leija said. "In exercise, lactate is utilized as the dominant fuel source. That's why your blood lactate increases as you exercise a little harder. It's not that you're making it as a waste product. It's getting into the blood because it needs to go to tissues that need it to continue their physiological performance."

Glucose tolerance

The study was conducted on 15 healthy, physically active young adults -- eight women and seven men -- as part of a larger NIH-funded study to determine how well people switch from fat to carbohydrate metabolism as they age. The volunteers were asked to fast overnight (12 hours) to deplete their carbohydrate and glycogen stores so that they were getting energy primarily by breaking down fats into fatty acids and using them to power basic bodily functions.

They then drank 75 grams of glucose, a rapidly absorbed sugar, to stimulate a switchover from fatty acid to carbohydrate metabolism. This is similar to the glucose tolerance test used to diagnose diabetes and is commonly given to pregnant women to screen for gestational diabetes.

Brooks' study differed from previous similar studies in that he and his colleagues, including Leija, closely monitored the volunteers' blood lactate levels over a two-hour period following ingestion of the glucose, and periodically measured the ratio of oxygen and carbon dioxide in their breath, which indicates the proportion of fatty acids versus carbohydrates being burned.

In order to calculate the amount of lactate that entered the blood compared to glucose, they infused lactate and glucose tracers -- lactate labeled with a stable, non-radioactive isotope, carbon-13, and glucose labeled with deuterium -- for 90 minutes beforehand to bring the levels of labeled lactate and glucose in the blood to between 1% and 2%. The dilution of the labeled lactate and glucose by incoming, unlabeled dietary glucose allowed them to establish the kinetics, that is, the appearance, disappearance and clearance of blood lactate and glucose. Most such experiments measure static venous blood concentration, which provides little information about glucose and lactate kinetics.




Sampling of arterialized blood was also key to success of the study, Leija said. That allowed the researchers to see what happened in the gut. Typically, a forearm vein is used to sample blood 30 minutes after a glucose challenge, but that sampling yields muddled results.

The researchers found that the volunteers began converting the dietary glucose into lactate before it even left the intestines. Levels of lactate began rising in arterial blood a mere five minutes after the meal, while glucose, often touted as the energy currency of the body, only showed up in the bloodstream 15 to 30 minutes after glucose ingestion.

"The first carbohydrate after a glucose meal gets into the blood as lactate because that's what intestinal cells do and because most of the glucose is captured by the liver before it is released into the blood for the muscles, where glucose is going to be converted to lactate," Brooks said. "We could see that because of lactate clearance and oxidation and because carbon-13 from the lactate tracer appeared in blood glucose. This shows that lactate is just a major energy highway for distributing carbohydrate -- carbon energy flux."

The lactate shuttle

Brooks has conducted human and animal studies for more than 50 years to investigate the role of lactate in the body, each study providing more evidence that it's not a toxic byproduct of oxygen-limited, anaerobic metabolism, which does not happen in the human body, he said. That assumption, however, has colored the way athletes as well as physicians have looked at lactate. Many physicians still perceive high levels of lactate -- often incorrectly called lactic acid -- in the blood as a symptom of illness that needs to be fixed with supplemental oxygenor drugs.

"Measuring lactate is one of the major things that sports medicine practitioners do. And now we understand what's happening," Brooks said. "Athletes are producing lactate all the time and clearing it all the time. And when they get to the point where they can't clear it, mostly by oxidation and making it into glucose, we know the person can't persist very long.

"I think this is so revolutionary. But it's really confusing to people. What was bad now is good. All the books are wrong."

Except for Brooks' textbook, "Exercise Physiology: Human Bioenergetics and Its Applications." Originally written in 1984 with Thomas Fahey, it's now in its 5th edition. Text for the 6th edition is already being uploaded to the publisher.

"When I read through Dr. Brooks' 1984 book it was a complete mind blow to me, to be honest," Leija said. "I had always associated lactic acid with exercising so hard that I was running out of oxygen and I wasn't putting anything together in terms of physiology. Then it started to make a lot more sense."

In his book, Brooks coined the term "lactate shuttle" to describe the body's metabolic feedback loop in which lactate is the intermediary sustaining most if not all tissues and organs.

He has showed, for example, that in many tissues, lactate is preferred as a fuel over glucose. During intense activity, the muscle mitochondria burn it preferentially and even shut off glucose and fatty acid fuel use. Brooks used tracers to show that human skeletal muscle, heart muscle and the brain prefer lactate to glucose as fuel and run more strongly on lactate. Lactate also signals fat tissue to stop breaking down fat for fuel.

One gap in these studies was what happens during normal non-exercise activity and resting. The current study fills that gap and supports the idea that when lactate levels in the blood remain high, it is a signal that something is disrupting the lactate shuttle cycle, not that lactate itself is harming the body.

"It's really informative about various medical conditions," Brooks said. "I think what's significant about the current result is that it's just not a muscle thing. It starts with dietary carbohydrate. This was a missing piece in the puzzle."

The recent study is part of Leija's Ph.D. thesis, after which he hopes to conduct further research on the metabolic role of lactate.

"Since before college I would read physiology books trying to improve my training and I would see all these science terms that I kind of ignored back then because I was just looking for, How can I get faster? How can I run longer?" Leija said. "But now, wow, it ended up helping me out indirectly. Still to this day, there's so much I think that's left to be uncovered about it."

Other coauthors of the study are graduate students Casey Curl, Jose Arevalo, Adam Osmond and Justin Duong, Melvin Huie, MD, a UC Berkeley graduate affiliated with Brooks' Exercise Physiology Laboratory, and Umesh Masharani, MD, an endocrinologist with UC San Francisco's Diabetes Center.
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Simulating diffusion using 'kinosons' and machine learning | ScienceDaily
Researchers from the University of Illinois Urbana-Champaign have recast diffusion in multicomponent alloys as a sum of individual contributions, called "kinosons." Using machine learning to compute the statistical distribution of the individual contributions, they were able to model the alloy and calculate its diffusivity orders of magnitude more efficiently than computing whole trajectories. This work was recently published in the journal Physical Review Letters.


						
"We found a much more efficient way to calculate diffusion in solids, and at the same time, we learned more about the fundamental processes of diffusion in that same system," says materials science & engineering professor Dallas Trinkle, who led this work, along with graduate student Soham Chattopadhyay.

Diffusion in solids is the process by which atoms move throughout a material. The production of steel, ions moving through a battery and the doping of semiconductor devices are all things that are controlled by diffusion.

Here, the team modeled diffusion in multicomponent alloys, which are metals composed of five different elements -- manganese, cobalt, chromium, iron and nickel in this research -- in equal amounts. These types of alloys are interesting because one way to make strong materials is to add different elements together like adding carbon and iron to make steel. Multicomponent alloys have unique properties, such as good mechanical behavior and stability at high temperatures, so it is important to understand how atoms diffuse in these materials.

To get a good look at diffusion, long timescales are needed since atoms randomly move around and, over time, their displacement from the starting point will grow. "If somebody tries to simulate the diffusion, it's a pain because you have to run the simulation for a very long time to get the full picture," Trinkle says. "That really limits a lot of the ways that we can study diffusion. More accurate methods for calculating transition rates often can't be used because you wouldn't be able to do enough steps of a simulation to get the longtime trajectory and get a reasonable value of diffusion."

An atom might jump to the left but then it might jump back to the right. In that case, the atom hasn't moved anywhere. Now, say it jumps left, then 1000 other things happen, then it jumps back to the right. That's the same effect. Trinkle says, "We call that correlation because at one point the atom made one jump and then later it undid that jump. That's what makes diffusion complicated. When we look at how machine learning is solving the problem, what it's really doing is it's changing the problem into one where there aren't any of these correlated jumps."

Therefore, any jump that an atom makes contributes to diffusion and the problem becomes a lot easier to solve. "We call those jumps kinosons, for little moves," Trinkle says. "We've shown that you can extract the distribution of those, the probability of seeing a kinoson of a certain magnitude, and add them all up to get the true diffusivity. On top of that you can tell how different elements are diffusing in a solid."

Another advantage of modeling diffusion using kinosons and machine learning is that it is significantly faster than calculating long-timescale, whole trajectories. Trinkle says that with this method, simulations can be done 100 times faster than it would take with the normal methods.

"I think this method is really going to change the way we think about diffusion," he says. "It's a different way to look at the problem and I hope that in the next 10 years, this will be the standard way of looking at diffusion. To me, one of the exciting things is not just that it works faster, but you also learn more about what's happening in the system."
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Petroleum, chlorine mix could yield harmful byproducts | ScienceDaily
A new study from the University of Hawai'i at Manoa shows that chlorine mixed with petroleum in water can potentially produce inadvertent byproducts harmful to human health.


						
Small amounts of chlorine, within safe industry standards, are added to disinfect O`ahu's drinking water by the Honolulu Board of Water Supply (BWS) and military installations, according to BWS. In late November 2021, a petroleum release from the Red Hill Bulk Fuel Storage Facility contaminated the Red Hill drinking water well. Hundreds of families, living on Joint Base Pearl Harbor-Hickam and the Army's Aliamanu Military Reservation and Red Hill Housing, reported petroleum odors coming from tap water supplied by the U.S. Navy water system.

Lab experiments conducted by researchers in UH Manoa's College of Engineering and Water Resources Research Center (WRRC), showed elevated levels of THM4 (Total Trihalomethanes) and HAA5 (Haloacetic Acids), which are both classified as disinfection byproducts, can form during chlorination of petroleum contaminated water. THM4 was the most abundant, and additionally, various unregulated disinfection byproducts were produced. The researchers stress that their findings are from controlled lab conditions, and further research is needed to understand real-world implications.

According to the Centers for Disease Control and Prevention, "Chronic exposure to disinfection byproducts may increase risk of cancer. Humans exposed to unusually large amounts of some disinfection byproducts could experience liver damage and decreased nervous system activity."

"These findings highlight the potential health risks associated with chlorinating petroleum-contaminated water, and further research is needed to fully understand these risks in real-world conditions," said study co-author and Professor Tao Yan from the UH Manoa Department of Civil, Environmental and Construction Engineering and WRRC.

During the lab process, control reactors containing either only free chlorine or only petroleum hydrocarbons produced significantly lower or no detectable levels of disinfection byproducts, which indicated that the presence of petroleum hydrocarbons and free chlorine together was responsible for the elevated disinfection byproduct concentrations.

"Recent contamination events in the Pearl Harbor aquifer show that petroleum hydrocarbons can directly enter groundwater wells without undergoing natural breakdown processes," Yan said. "This study reveals that when unaltered petroleum hydrocarbons come into contact with free chlorine, commonly used in water treatment, they can produce higher levels of regulated disinfection byproducts. Understanding the potential risks during both water treatment and distribution is important for safeguarding water quality and protecting human health."
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Researchers uncover what makes some chickens more water efficient than others | ScienceDaily
In the first scientific report of its kind, researchers in Arkansas showed that chickens bred for water conservation continued to put on weight despite heat stress that would normally slow growth.


						
Research by the Arkansas Agricultural Experiment Station indicates the specially bred line of chickens developed by Sara Orlowski could save growers thousands of gallons of water and thousands of pounds of food each month without sacrificing poultry health. Orlowski is an associate professor of poultry science with the University of Arkansas System Division of Agriculture.

As global population increases and usable water diminishes due to climate change patterns, scientists with the Division of Agriculture are looking for ways to raise the world's most popular meat protein using fewer resources.

The study, which was part of a five-year project funded by a $9.95 million grant from the U.S. Department of Agriculture's National Institute of Food and Agriculture, showed a broiler chicken's physiology could be significantly improved to convert food and water to body weight even with three weeks of heat stress.

Results from the study were published in Physiological Reports, the American Physiological Society's scientific journal, as an article titled "Effect of heat stress on the hypothalamic expression profile of water homeostasis-associated genes in low- and high-water efficient chicken lines." The grant was awarded through NIFA's Agriculture and Food Research Initiative.

Sami Dridi, professor of poultry science specializing in avian endocrinology and molecular genetics, was responsible for conducting the experiment and the driving force in writing the paper.

Walter Bottje, professor of poultry science for the experiment station, is the project director for the USDA Sustainable Agriculture Systems multi-institutional grant led by the Center of Excellence for Poultry Science.




Now in its fifth generation of selection, the high water-efficient line has been measured to consume significantly less water than standard broiler lines in use today. From the time they were hatched to one month old, the high water-efficient line drank 1.3 pounds less water, and about 5.7 ounces less feed, which calculates to a 32-point improvement in water conversion and six-point improvement in feed conversion when compared to a random-bred control line.

While it may not seem like a huge difference, modern chicken houses hold on average 20,000 to as many as 50,000 birds. Although chickens consume more as they grow, the difference for that month of growing equates to 7,800 fewer gallons of water and 17,800 pounds less feed to grow 50,000 water-efficient chickens.

In some conditions, the high water-efficient chicken had food conversion ratios that were just as good or better, and their water conversion ratio was about 55 to 65 percent better, according to Dridi.

Bottje said these recent results from the ongoing research are promising, but the group aims to investigate other physiological characteristics of the high water-efficient line, such as meat quality and gut integrity.

Thirst control

The hypothalamus is the part of the brain that controls thirst. One of the study's findings was that the hypothalamus of water-efficient chickens differed from the other chickens when exposed to heat stress. The investigation revealed potential molecular signatures for water efficiency and heat tolerance in chickens.




The researchers devised a study that induced heat stress for groups of chickens by increasing the ambient temperature to mimic a summer season in Arkansas. The heat-stress cycle began when the birds were 29 days old. The environment was also kept between 30 and 40 percent relative humidity.

Dridi ran a parallel study comparing data on the divergent lines of chickens.

What they found was surprising.

"What the most interesting thing from that study, when it comes to live performance, is that the heat-stressed birds from the high water-efficient line consumed less water than the non-heat stressed birds from the low water-efficient line," Orlowski said.

Water is critical to raising chickens. They can go several days without food, but only a few hours without water at high temperatures, Dridi said.

Dridi said high humidity, which would be over 70 percent for chickens, also induces similar heat stress because the chickens cool themselves by breathing. Dridi's studies on poultry house sprinkler systems kept the humidity lower than the industry standard method and used significantly less water than evaporative cooling cells.

"With water sprinkling systems that can save up to 66 percent water usage in a poultry house, the water conservation of poultry could be improved by a magnitude of three- to four-fold by having chickens that consume less water and still retain growth," Dridi said.

Project development

Dridi said the idea for water-efficient chickens came from looking at the differences in chicken lines bred as far back as the 1950s. Dridi and other researchers wanted to see how much genetic differences there were between jungle fowl and modern breeds.

Before they could breed water-efficient chickens, though, they had to reliably measure the amount of water chickens drank.

Orlowski was a Ph.D. student when her graduate research team developed a novel low-flow water monitoring system in collaboration with Siloam Springs-based companies Alternative Design and Cobb-Vantress Inc., a primary broiler breeder company. The tool was essential to accurately measure water intake for individual birds in real time.

"When we first started this project in 2018, we evaluated one of our broiler lines, a non-selected control population, and we characterized them for water intake," Orlowski said. "And within that population there was a variability for water intake. From there, we were able to take our most water-efficient families and our least water-efficient families, establish our research populations and continue to select from there."

A base population of chickens that were not selected for high or low water-efficiency was kept as a control group to compare changes in each generation, Orlowski noted.

Bottje and Dridi said the work done by Orlowski in selecting the divergent lines of chickens was the most important factor of this experiment. Orlowski said water efficiency in the high water-efficient line is continuing to improve with each succeeding generation. She ranks the water efficiency trait as "moderately heritable."

"There's no reason that it will not work for all poultry operations, including turkeys, quail and ducks," Dridi said.
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90% of Floridians believe climate change is happening | ScienceDaily
The latest edition of Florida Atlantic University's "Florida Climate Resilience Survey," found that 90% of Floridians believe that climate change is happening. In comparison, a recent Yale University survey showed 72% of all Americans believe climate change is happening. The FAU survey includes questions on beliefs about climate change, experience with extreme weather events and support for climate-related policies.


						
The Florida Climate Resilience Survey also shows belief in human-caused climate change has surged among Florida Independents while slipping among Republicans in the state since last fall.

But despite these changes, the latest edition of the survey found enduring support among Floridians for increased government action to address the consequences of a warming planet. The survey found 68% of all respondents want state government to do more and 69% want the federal government to do more to address climate change, a finding consistent with previous surveys.

"Floridians support strengthening our resilience to the effects of climate change because they are experiencing it. The urgency to act means debate over causes is largely irrelevant," said Colin Polsky, Ph.D., founding director of FAU's School of Environmental, Coastal, and Ocean Sustainability (ECOS), a professor in geosciences, and director of the FAU Center for Environmental Studies (CES) within the Charles E. Schmidt College of Science.

Among the 58% of Floridians who believe human activity is the cause of climate change, the survey found changing attitudes based on party affiliations. Among Floridians who report no party affiliation, belief that climate change is caused by human activity increased by 11% since the last survey in September 2023 (to 64% in the latest survey). But belief in human-caused climate change among Florida Republicans declined during that time, dropping to 40% from 45%.

The survey also found noteworthy differences in opinion based on the age of the respondents. Respondents under age 50 were more likely to believe that human activity is the cause of climate change than those 50 and older (66% to 50%) and more likely to want state government to do more to address its impacts (77% to 59%).

"Global warming became a major public issue in 1988. The age 50 cutoff is therefore a good proxy for separating people whose formative years included this issue versus those who did not," said Polsky.




The latest survey found that 67% of Floridians believe climate change should be taught in schools. More than two-thirds of respondents have supported climate education in classrooms in nine of the 10 surveys conducted since 2019.

Florida Democrats (87%) and independents (68%) expressed the highest level of support for climate education in the latest survey, but even a majority of Republicans expressed this belief (52%).

"This abiding majority support for K-12 teaching climate change confirms the premise that Floridians want more climate change awareness and action regardless of the cause," said Polsky.

The survey also found falling support for solar power as the primary form of energy production that Florida should be supporting for the future: 51% of all respondents support that statement, a decrease of 4% since last fall.

This decline has been happening since solar energy reached peak support of 62% in September 2022, but the recent drop was most pronounced among Florida Republicans. While support for solar remained consistent among Florida Democrats and independents since the last survey, such support fell 9% among Republican respondents.

Overall, most respondents said that climate change sparked their concern for the well-being of future generations (68%). But less than half of all respondents (48%) said they would be willing to pay $10 a month to strengthen Florida's infrastructure to weather hazards.

CES has conducted the Florida Climate Resilience Survey since October 2019 and now does so every spring and fall. The latest edition was conducted in English and Spanish from March 18-21. The sample consisted of 1,400 Floridians, ages 18 and older, with a survey margin of error of +/- 2.53 percentage points.
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Transforming waste carbon dioxide into high-value chemicals with a cost reduction of about 30% | ScienceDaily
A team of scientists from the National University of Singapore has developed a novel technique to convert carbon dioxide (CO2) from treated flue gas directly into high-value chemicals and fuels. This innovation sidesteps the conventional approach of using high-purity CO2 for electrochemical reduction processes, achieving significant cost savings of about 30%.


						
Addressing the urgent challenge posed by escalating carbon dioxide (CO2) emissions and their impact on climate change, researchers from the National University of Singapore (NUS) have developed a novel technique that significantly advances the conversion of waste carbon dioxide (CO2) into value-added chemicals and fuels.

Led by Assistant Professor LUM Yanwei from the Department of Chemical and Biomolecular Engineering under the NUS College of Design and Engineering, the research team's innovation enables the direct conversion of CO2 from treated flue gas, a common by-product of industrial processes, into high-value multi-carbon (C2+) products such as ethylene and ethanol, essential raw materials for the production of various everyday compounds such as plastics, polymers and detergents.

This advancement not only circumvents the need for high-purity CO2 but also efficiently repurposes a prevalent waste product, marking a stride towards closing the carbon cycle and reducing reliance on fossil fuels.

Marrying catalyst design with electrolyte selection

Carbon capture, utilisation and storage is a fundamental process to a sustainable future, relying on a suite of technologies among which the electrochemical reduction of CO2 is vital. The process, which transforms CO2 into a range of valuable feedstocks for chemicals and fuels, traditionally demands high-purity CO2, leading to significant costs due to the energy-intensive purification of the compound from sources like flue gases. Furthermore, the presence of oxygen impurities in flue gas results in undesired side reactions, which significantly reduces the efficiency of the CO2 reduction process.

Asst Prof Lum's team aimed to sidestep these challenges by integrating catalyst design with electrolyte selection. In their recent study which was published in the scientific journal Nature Communications on 26 February 2024, the researchers first introduced a new method to design catalysts with greatly enhanced efficiencies for the electrochemical conversion of CO2. Utilising this approach, they designed a nickel catalyst boasting exceptional performance for CO2 reduction, achieving an impressive efficiency rate exceeding 99 percent.




In another study that builds on the aforementioned one, the NUS team designed a composite system by sequentially layering this nickel catalyst onto a copper surface. "We found that integrating acidic electrolytes with this composite system significantly suppresses the undesired side reactions from oxygen impurities in flue gas," explained Asst Prof Lum. Impressively, this system demonstrated comparable performance with systems that utilise pure CO2 as feedstock. The second study was published in the same journal on 9 February 2024.

Asst Prof Lum highlighted the potential economic impact of their research, "The cost of purifying CO2 can amount to about USD 70 to 100 per ton, which can constitute about 30 per cent of the costs involved in converting CO2 to feedstocks such as ethylene through electrochemical means."

"Our novel technique demonstrates a potential pathway for the development of efficient electrolysers for the direct conversion of CO2 in flue gas, using simple yet effective electrolyte and catalyst design strategies to advance integrated sustainability solutions," added Asst Prof Lum.

Scaling up for large-scale applications

The potential implications of this research extend beyond the production of ethylene and ethanol. By adjusting the catalyst system, the researchers' technique could be applied to synthesise other valuable chemicals, such as acetate and propanol which are used in the production of everyday products such as adhesives and disinfectants respectively. This versatility offers a broad platform for converting waste CO2 into a diverse range of chemicals, underscoring the technique's adaptability to different industrial needs.

"We are seeing strong interest from the industry and are currently in talks with some companies to further advance this research," said Asst Prof Lum. "Our goal is to enhance the energy efficiency and scalability of our system, moving beyond laboratory-scale experiments towards developing prototype reactors that can be applied in industrial settings."
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Mosaic grassland landscapes are the most beneficial | ScienceDaily
Grass, clover and herbs are the foundation of Swiss agriculture: two- thirds of Switzerland's agricultural land is grassland, much of which is barely suitable for arable farming. Vast areas of grassland are to be found primarily in the foothills of the Alps, in the Alps themselves and in the Jura Mountains. And grassland, in turn, is the basis for Swiss dairy and meat production.


						
However, in contrast to forests, whose ecosystem services such as timber production, water regulation, climate and recreation are firmly anchored in the public consciousness, grassland is rarely mentioned in terms of the diverse and numerous ecosystem services it provides for people. Yet it plays an even more important role in our food supply.

Grassland is an important carbon store and a haven for biodiversity. It protects against erosion and provides cultural services such as an attractive landscape with grazing animals that delights hikers and tourists. These are just a few examples of the many different benefits or functions that researchers attribute to grassland.

Services and farming practices are tightly connected

But which type of farming is especially well- suited to promoting the services that grassland provides? Researchers at ETH Zurich and the agricultural research institute Agroscope have tackled this question, and the resulting study was recently published in the journal Nature Communications.

In their study, the researchers took a close look at 90 permanent grassland areas on over 30 farms in the canton of Solothurn in the north of Switzerland. In their study, they considered three grassland farming practices: fertilisation (use of fertiliser or unfertilised extensive grassland, so- called biodiversity promotion areas), type of use (meadow or pasture) and farming system (conventional IP Suisse, or organic).

To understand how farming practices influence various ecosystem services, the researchers analysed the soils and plant communities of all the permanent grassland involved. Because different stakeholder groups prefer different ecosystem services, the researchers split their analysis into three groups for analysis: provisioning services, regulating services and cultural services.




"We've observed that farming practices have a significant effect on many ecosystem services," says Valentin Klaus, co- author of the study and senior scientist at ETH Zurich's Institute of Agricultural Sciences. "However, there's no one 'Swiss army knife' of farming practice that delivers all ecosystem services."

More aesthetics, less feed in extensive grassland

The greatest effect on ecosystem services was achieved by extensive farming without fertiliser. This includes, for example, semi- natural pastures and meadows. Such areas greatly enhance the benefits of biodiversity, soil protection and landscape aesthetics. On the other hand, extensive grassland farming significantly reduces the quantity and quality of feed production for farmers.

"This trade- off between feed production and cultural or regulating services is well known. However, we were able to clearly show that extensive grassland farming produces not only biodiversity benefits but also many societally relevant ecosystem services," Klaus says.

Meadows and pastures are very different

The researchers also found a pronounced effect on ecosystem services when grassland was used as pasture or meadow; in other words, depending on whether the area was predominantly grazed or mowed. But there were still trade- offs between services, Klaus says: "Pastures are richer in plant species, have a higher quality of animal feed and are beautiful because of the livestock that enrich the landscape. Meadows, on the other hand, produce a higher amount of animal feed, which is important to farmers." In addition, the plant communities in meadows are more aesthetic, because unfertilised meadows in particular contain the most flowering herbs.




As for why meadows and pastures provide such different services, Klaus attributes that to how the frequent mowing of meadows favours certain plant species while suppressing others. Meadows are also fertilised more intensively on average than pastures, which has an additional impact on many ecosystem services.

Organic grassland with few benefits

To Klaus's surprise, organic farming had only a slight positive effect on the grassland's ecosystem services. "Although we found more symbiotic fungi and a lower risk of nitrogen leaching in such areas, conventionally and organically farmed grassland performs roughly equally well in terms of all ecosystem services," Klaus says. He assumes the reason for this weak effect of organic farming to be due to the high similarity in how conventionally and organically farmed grassland is managed. Both can be relatively intensively used with ample fertiliser.

As a result, it's clear to Klaus that no one type of grassland management provides all ecosystem services at the same time. "To specifically increase and promote grassland ecosystem services in our landscapes, we need a mosaic of the farming practices mentioned; in other words, a combination of areas with and without fertilisation as well as meadows and pastures next to each other," Klaus says. "As there's no one ideal type of grassland, we always have to weigh up the pros and cons. We have to ask ourselves: Who's benefiting the most from what kind of management and in what location?"

If a meadow is used mainly to produce feed, biodiversity and other important services suffer. In extensive unfertilised meadows, meanwhile, farmers must reckon with considerable production losses. "If we want to sustain and facilitate the provision of all ecosystem services, we need a combination of different grassland types at the farm and landscape level," Klaus says.

The researchers will now use these findings to support farmers, land cooperatives and cantonal authorities. The study also helps to balance the various demands and interests and to achieve a high level of ecosystem service multifunctionality at the landscape level.
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Creating a green composite material from Japanese washi paper | ScienceDaily
Washi: the traditional Japanese paper, known for its beauty and strength, has been used in bookbinding, art, furniture, and architecture for hundreds of years. But more recently, washi's usage is on the decline, as people opt for more western style housing designs. In a bid to revive interest in this traditional craft, a group of Tohoku University researchers has developed an environmentally friendly material from washi that boasts improved strength and biodegradability.


						
Details of the research were published in the journal Composites Part A: Applied Science and Manufacturing on May, 9, 2024.

Bio-based and biodegradable materials are increasingly sought after as the world seeks to move away from fossil based-plastic materials and build a more sustainable society. Green composites combine plastics with natural fibers, producing materials with higher strength, improved biodegradability, and a lower environmental footprint.

"We created a green composite from washi, which itself stems from plant fibers, improving its properties further whilst still maintaining its classical beauty," points out Hiroki Kurita, co-author of the paper and an associate professor at Tohoku University's Graduate School of Environmental Studies.

To produce the material, Kurita and his colleagues layered and hot pressed sheets of Washi with polybutylene succinate (PBS). To source the Washi, they worked with an artisan from a Miyagi-based washi-workshop. The material's ultimate tensile strength, i.e., the amount of stress the paper could withstand, stood at 59.85 MPa, representing an improvement of over 60%.

Washi has a lot of space between its entangled fibers. When combined with PBS, the plastic filled these spaces, thereby locking the fibers in place and preventing the fibers from moving.

PBS is also notable for its biodegradability, and the resultant composite material degraded much faster than pure plastic. After 35 days, it had biodegraded by 82%.The biodegradation was calculated by measuring the amount of CO2 released from the material when it was buried in compost. At the same time, researchers measured weight loss and loss of strength during degradation.

Not only was the team successful in producing a new material, but Kurita believes they were able to raise the standard of biodegradation testing and provide blueprints for future research into biodegradable composite materials. "We utilized both standardized and non-standardized methods for measuring biodegradability. The differing methods used will help researchers compare biodegradability between different materials moving forward."
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GPS stations measure daily ice loss in Greenland | ScienceDaily
When the ice sheet in Greenland melts, as it has done increasingly in recent years, the bedrock beneath moves slightly.


						
This occurs because the pressure from the ice above decreases, causing the land beneath to rise. This elevation change can be measured and translated into how much ice disappears from Greenland's ice sheet and how fast it's happening. Now, researchers at the Technical University of Denmark (DTU) have developed a method based on this principle, allowing daily tracking of ice melt for the first time.

"This is the first time we can measure the entire mass loss of the ice sheet day by day. For example, satellite gravity measurements show mass loss every month. Other methods only provide a single estimate per year. This means that we have not been able to monitor the sudden changes in ice mass loss that often occur in the summer period," explains senior researcher at DTU Space, Valentina Barletta.

She has led the work on the new innovative method, which has just been published in an article in the scientific journal Geophysical Research Letters. 

Greenland is losing about 5 cubic kilometre of ice per week on average, based on data from the last 20 years. This is equivalent to draining Denmark's largest lake, Arreso, 40 times a week.

The new GPS method represents a significant advancement in monitoring ice mass loss in Greenland and understanding the processes behind the ice melting. Consequently, entities like the UN Intergovernmental Panel on Climate Change (IPCC) can get better estimates for future ice sheet melting and the contribution of meltwater to the rise of global sea levels.

The measurements can be used for flood warnings in Greenland

The new system and the estimates of ice loss can also be used for practical purposes, such as warning residents in Greenland if large amounts of meltwater are suddenly released.




"By calculating daily changes in the ice sheet's mass, we can monitor the melting season and warn the local population if there is a risk of flooded rivers. For example in 2012, the bridge collapsed at Kangerlussuaq, also known as Sondre Stromfjord, due to extreme melting. With the new GPS-based method, we can better monitor and potentially warn if such events are imminent," explains DTU Space professor Shfaqat Abbas Khan, who has also contributed to developing the new method.

Data provided by state measurement stations in Greenland

Measurements are made using the Danish state's GNET, which consists of 61 GNSS stations located around Greenland.

GNSS stands for the Global Navigation Satellite System, and it includes the American GPS system and the European Galileo. With GNSS technology, movements in the bedrock over time can be detected with sub-millimetre precision.

"We are pleased that data from the GNET stations is so widely used and gives us new opportunities to accurately monitor climate change in Greenland. For example, with the new measurement method developed by DTU. Therefore, we make a major effort to maintain and improve these measurement stations," says Malte Nordmann Winther-Dahl, project manager for GNET at the Danish Geodata Agency, which is part of the Ministry of Climate, Energy and Utilities.

SDFI owns GNET, which is operated in collaboration with DTU.




So far, researchers and thus the IPCC have typically used three different methods to measure ice mass loss:

Gravity changes measured by NASA's GRACE satellites, which can be converted into mass changes and ice loss.

Direct changes in ice elevation measured by altimetry satellites; and measurement of ice movements via satellite and thus how much ice streams change over time. The faster the ice moves into the ocean, the more ice is lost from the ice sheet.

The study and the new method have been developed in collaboration between DTU Space and DTU Computing Center, located at DTU Compute. The centre's expertise and computing power have been crucial for handling large amounts of GPS data and running simulations in the project.
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How wildfires change soil chemistry | ScienceDaily
The huge, long-lasting wildfires that have become increasingly common in recent years can cause changes in soil chemistry that affect water contamination, air quality, and plant growth. But these changes are poorly monitored and rarely factor into post-fire recovery efforts or risk assessments, according to a review study published May 14 in Nature Reviews Earth & Environment.


						
The study, led by Stanford University and Colorado State University scientists, found that better techniques are needed to monitor changes in soil and surrounding ecosystems. This enhanced monitoring could inform decisions on how to treat drinking water sourced from burned areas, support reforestation, and protect workers against toxins during cleanup, rebuilding, or revegetation.

"In our study, we mesh organic and inorganic chemistry together, whereas a lot of fire research will typically just consider one subject area," said soil biogeochemist Claudia Avila, who co-led the study with Alandra Lopez, PhD '22, while both researchers were postdoctoral scholars in the lab of Stanford Doerr School of Sustainability Professor Scott Fendorf.

"A better understanding of the molecular mechanisms in soil can help explain, for instance, why drinking water from a forest fire-impacted watershed is suddenly more toxic, or why a forest is not coming back," said Colorado State University soil chemist Thomas Borch, a senior author of the study.

Climate and ecosystem impacts

The review highlights evidence from recent studies suggesting wildfires may release more planet-warming carbon dioxide into the atmosphere than anticipated. Charcoal-like remnants of burned wood and other organic materials, known as black carbon, may not trap carbon dioxide for long periods, as scientists had hoped. "Carbon that's gone through forest fires and becomes black carbon can actually turn more readily into carbon dioxide by microbes than previously thought," said Fendorf, the Terry Huffington Professor at Stanford.

"From a climate perspective, we still have a poor understanding of how much of the carbon that is left after a fire has the potential to be transformed into greenhouse gasses, such as carbon dioxide," said Borch, who worked in Fendorf's lab as a postdoctoral fellow 20 years ago.




Wildfires can have many benefits for ecosystems, the authors note. Some fires can increase the nitrogen in soils and augment the water solubility of soil organic carbon, for example, setting the stage for regrowth. However, recovery depends on the presence of other chemicals. For instance, certain types of organic molecules formed in soil during fires are needed for many seeds to germinate. If the local soil chemistry and fire conditions do not produce enough of these molecules, called karrikins, revegetation may be stunted.

Other research included in the new review has shown that wildfires can double the soil concentration of a group of toxic chemicals known as polycyclic aromatic hydrocarbons, which can induce chemical reactions that inhibit revegetation. These molecular-scale effects could well explain the mystery of vast areas where trees have struggled to reestablish after wildfires in the Rocky Mountains, Borch said.

Wildfires can also alter the chemical properties of inorganic materials such as metals within soils. Fire can change the metals into dangerous forms that readily move through the environment, ending up in the air or nearby water, the authors explained, citing Fendorf and Lopez's own recent research. The scientists documented high levels of a hazardous form of the metal chromium at wildfire sites resulting from heat-induced transformation of naturally occurring, benign forms of chromium. At sites where extremely hot, long-lasting fires cooked soils to high temperatures for extended periods, chromium persisted for many months until the next large rain event.

Other research on chromium indicates that after lower-intensity fires, remnant plant and animal tissue in soil can allow the toxic form of chromium to return to its inert form. Taken together, these studies illustrate the broader reality that wildfire impacts on soil chemistry depend on the intricate nature of the fire and landscape, including fire duration and temperature.

Predicting and mitigating wildfire risks

Broader surveillance and modeling could inform strategies for protecting lives, property, and natural resources, as well as wildlife management decisions. Avila offers an example of how this approach to informed stewardship could help prevent the leaching of metals into drinking water supplies. "By identifying an area that has a high potential for, say, chromium release, we can call for prescribed burns that are lower intensity and reduce the potential for high-intensity, toxin-releasing fires," said Avila, who is now an assistant professor of environmental and ocean sciences at the University of San Diego.

"If we can grasp the complexity of the intertwined processes that are happening both on the organic and the inorganic side, then that helps give us the ability to predict outcomes for different fire, landscape, and geological conditions," said Fendorf.
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Young whale's journey highlights threats facing ocean animals | ScienceDaily
A young whale's journey across the Mediterranean highlights the many threats facing ocean animals, researchers say.


						
Scientists from Greenpeace and the universities of Exeter and Haifa studied whales and dolphins in the Eastern Mediterranean, off the coast of Israel.

They found Cuvier's beaked whales, bottlenose dolphins and sperm whales -- including a young adult male previously seen off southern France.

The distance between sighting locations makes this the furthest recorded movement of a sperm whale in the Mediterranean -- and means the whale made a hazardous journey.

Audio analysis provides further evidence that whales off the Israeli coast are part of the wider regional population, as their vocalisations matched the "Mediterranean dialect."

The researchers say their findings demonstrate the need for targeted protection at key locations.

"Marine life in the Mediterranean faces numerous threats -- from fishing and pollution to noise and boat strikes," said Dr Kirsten Thompson, from the Greenpeace Research Laboratories at the University of Exeter.




"The journey of this particular whale must have gone through narrow straits -- either the Sicily Channel or the Strait of Messina, both of which are extremely busy, noisy and potentially dangerous for a deep-diving sperm whale."

The whale -- known variously as Kim, Elia and Onda by researchers in different regions -- was probably travelling with other young males, which typically leave their birth group at this stage of their lives.

"The fact that these whales pass through narrow, shallow seas means that listening devices could be installed at those points to protect them," Dr Thompson said.

"This could create an alert system to prevent ship strikes."

Dr Thompson added: "The Mediterranean is the busiest sea in the world, with rich wildlife and a high human population.

"Unfortunately, some species like these threatened whales are facing further industrial development, with oil and gas exploration and the construction of a new gas pipeline between the eastern basin and Italy.




"Some state that further hydrocarbon extraction is a violation of EU environmental protection legislation -- this expansion is not just bad for our future climate targets but for the wildlife that is already struggling in this busy sea."

Relatively little research has been done on whales and dolphins in the Eastern Mediterranean.

In this study, visual-acoustic surveys were conducted during April and May 2022.

Acoustic detections found: sperm whales (three encounters), Cuvier's beaked whales (one encounter), bottlenose dolphins (one encounter) and unidentified dolphins (17 encounters).

The study was funded by Greenpeace International.
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2023 was the hottest summer in two thousand years | ScienceDaily
Researchers have found that 2023 was the hottest summer in the Northern Hemisphere in the past two thousand years, almost four degrees warmer than the coldest summer during the same period.


						
Although 2023 has been reported as the hottest year on record, the instrumental evidence only reaches back as far as 1850 at best, and most records are limited to certain regions.

Now, by using past climate information from annually resolved tree rings over two millennia, scientists from the University of Cambridge and the Johannes Gutenberg University Mainz have shown how exceptional the summer of 2023 was.

Even allowing for natural climate variations over hundreds of years, 2023 was still the hottest summer since the height of the Roman Empire, exceeding the extremes of natural climate variability by half a degree Celsius.

"When you look at the long sweep of history, you can see just how dramatic recent global warming is," said co-author Professor Ulf Buntgen, from Cambridge's Department of Geography. "2023 was an exceptionally hot year, and this trend will continue unless we reduce greenhouse gas emissions dramatically."

The results, reported in the journal Nature, also demonstrate that in the Northern Hemisphere, the 2015 Paris Agreement to limit warming to 1.5C above pre-industrial levels has already been breached.

Early instrumental temperature records, from 1850-1900, are sparse and inconsistent. The researchers compared early instrumental data with a large-scale tree ring dataset and found the 19th century temperature baseline used to contextualise global warming is several tenths of a degree Celsius colder than previously thought. By re-calibrating this baseline, the researchers calculated that summer 2023 conditions in the Northern Hemisphere were 2.07C warmer than mean summer temperatures between 1850 and 1900.




"Many of the conversations we have around global warming are tied to a baseline temperature from the mid-19th century, but why is this the baseline? What is normal, in the context of a constantly-changing climate, when we've only got 150 years of meteorological measurements?" said Buntgen. "Only when we look at climate reconstructions can we better account for natural variability and put recent anthropogenic climate change into context."

Tree rings can provide that context, since they contain annually-resolved and absolutely-dated information about past summer temperatures. Using tree-ring chronologies allows researchers to look much further back in time without the uncertainty associated with some early instrumental measurements.

The available tree-ring data reveals that most of the cooler periods over the past 2000 years, such as the Little Antique Ice Age in the 6th century and the Little Ice Age in the early 19th century, followed large-sulphur-rich volcanic eruptions. These eruptions spew huge amounts of aerosols into the stratosphere, triggering rapid surface cooling. The coldest summer of the past two thousand years, in 536 CE, followed one such eruption, and was 3.93C colder than the summer of 2023.

Most of the warmer periods covered by the tree ring data can be attributed to the El Nino climate pattern, or El Nino-Southern Oscillation (ENSO). El Nino affects weather worldwide due to weakened trade winds in the Pacific Ocean and often results in warmer summers in the Northern Hemisphere. While El Nino events were first noted by fisherman in the 17th century, they can be observed in the tree ring data much further back in time.

However, over the past 60 years, global warming caused by greenhouse gas emissions are causing El Nino events to become stronger, resulting in hotter summers. The current El Nino event is expected to continue into early summer 2024, making it likely that this summer will break temperature records once again.

"It's true that the climate is always changing, but the warming in 2023, caused by greenhouse gases, is additionally amplified by El Nino conditions, so we end up with longer and more severe heat waves and extended periods of drought," said Professor Jan Esper, the lead author of the study from the Johannes Gutenberg University Mainz in Germany. "When you look at the big picture, it shows just how urgent it is that we reduce greenhouse gas emissions immediately."

The researchers note that while their results are robust for the Northern Hemisphere, it is difficult to obtain global averages for the same period since data is sparse for the Southern Hemisphere. The Southern Hemisphere also responds differently to climate change, since it is far more ocean-covered than the Northern Hemisphere.

The research was supported in part by the European Research Council.
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First case of highly pathogenic avian influenza transmitted from cow to human confirmed | ScienceDaily
Texas Tech University's Biological Threat Research Laboratory (BTRL) played a key role in detecting the first case of highly pathogenic avian influenza (HPAI) A (H5N1) transmitted from a mammal (dairy cow) to a human.


						
The case was made public in an article published in the New England Journal of Medicine. Steve Presley, the director of The Institute of Environmental and Human Health (TIEHH) and the BTRL, and Cynthia Reinoso Webb, the biological threat coordinator at TIEHH, were co-authors on the journal publication.

The journal article explains that in March a farm worker who reported no contact with sick or dead birds, but who was in contact with dairy cattle, began showing symptoms in the eye and samples were collected by the regional health department to test for potential influenza A.

Initial testing of the samples was performed at the BTRL, which is a component of the Centers for Disease Control and Prevention (CDC) Laboratory Response Network-Biological (LRN-B) located at TIEHH.

"It's a huge thing that the virus has jumped from birds to mammals, dairy cows in this case, and then to humans," Presley said. "That's why this paper in the New England Journal of Medicine is very significant. It's going to lay the foundation, I believe, for a lot of research in the future of how the virus is evolving."

The involvement of Texas Tech's BTRL is a continuation of the partnership between regional, state and federal public health partners.

"Being part of the CDC LRN-B, we have the standing capability to test for a lot of biological threats and some that are considered emergent," Reinoso Webb explained.




The lab's standby status allowed Reinoso Webb and the Texas Tech BTRL team to respond quickly to the needs of the regional public health authority. Knowing the potential dangers of the virus, Reinoso Webb pushed the testing into the safest laboratory available, and the team went to work.

Having received the samples in the early evening, results were being reported to regional, state and federal levels within hours. By the next day the samples were on their way to the CDC for further testing and confirmation.

"We were on the phone with the CDC until around midnight discussing different scenarios and follow up requirements," Reinoso Webb said. "There is a lot of federal reporting. It was a very complicated case, even though it was two samples and one patient.

"But we had this wonderful communication with the CDC and made sure we did everything by the book. This is how it's been structured, and this is how the communication was supposed to happen."
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Persistent strain of cholera defends itself against forces of change, scientists find | ScienceDaily
A deadly strain of cholera bacteria that emerged in Indonesia back in 1961 continues to spread widely to this day, claiming thousands of lives around the world every year, sickening millions -- and, with its persistence, baffling scientists. Finally, in a study published today in Nature, researchers from The University of Texas at Austin have discovered how this dangerous strain has held out over decades.


						
A longstanding mystery about the strain of Vibrio cholerae (V. cholerae) responsible for the seventh global cholera pandemic is how this lineage has managed to out-compete other pathogenic variants. The UT team identified a unique quirk of the immune system that protects the bacteria from a key driver of bacterial evolution.

"This component of the immune system is unique to this strain, and it has likely given it an extraordinary advantage over other V. Cholerae lineages," said Jack Bravo, a UT postdoctoral researcher in molecular biosciences and corresponding author on the paper. "It has also allowed it to defend against parasitic mobile genetic elements, which has likely played a key part in the ecology and evolution of this strain and ultimately contributed to the longevity of this pandemic lineage."

Cholera and other bacteria, like all living things, evolve through a series of mutations and adaptations over time, allowing for new developments in a changing environment, such as antibiotic resistance. Some of the drivers of evolution in microbes are even smaller DNA structures called plasmids that infect, exist and replicate inside a bacterium in ways that can change bacterial DNA. Plasmids also can use up energy and cause mutations that are less advantageous for the bacteria.

Through a combination of laboratory analysis and cryo-electron-microscope imaging, the research team identified a unique two-part defense system that these bacteria have that essentially destroys plasmids, thus protecting and preserving the bacterial strain.

The World Health Organization estimates that cholera infects 1.3 million to 4 million people a year and that between 21,000 and 143,000 die annually. The bacterium is usually spread through contaminated water and food or contact with an infected person's fluids. Severe cases are marked by diarrhea, vomiting and muscle cramps that can lead to dehydration, sometimes fatally. Outbreaks occur mostly in areas with poor sanitation and drinking water infrastructure. Although there is currently a vaccine to fight cholera, protection against severe symptoms drops after only three months. With new interventions needed, researchers say their study offers a potential new avenue for drugmakers to explore.

"This unique defense system could be a target for treatment or prevention," said David Taylor, associate professor of molecular biosciences at UT and an author on the paper. "If we can remove this defense, it could leave it vulnerable, or if we can turn its own immune system back on the bacteria, it would be an effective way to destroy it."

The defense system outlined in the paper consists of two parts that work together. One protein targets the DNA of plasmids with remarkable accuracy, and a complementary enzyme shreds the DNA of the plasmid, unwinding the helix of the DNA moving in opposite directions.

Researchers noted that this system is also similar to some of the CRISPR-Cascade complexes, which are also based on bacterial immune systems. The CRISPR discovery eventually revolutionized gene-editing technologies that have brought about massive biomedical breakthroughs.

Delisa A. Ramos, Rodrigo Fregoso Ocampo and Caiden Ingram of UT were also authors on the paper. The research was funded by the National Institute of General Medical Sciences (NIGMS) of the National Institutes of Health and a Welch Foundation research grant.
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Insights into protein evolution | ScienceDaily
Rice University's Peter Wolynes and his research team have unveiled a breakthrough in understanding how specific genetic sequences, known as pseudogenes, evolve. Their paper was published May 13 by the  Proceedings of the National Academy of Sciences.


						
Led by Wolynes, the D.R. Bullard-Welch Foundation Professor of Science, professor of chemistry, biosciences and physics and astronomy and co-director of the Center for Theoretical Biological Physics (CTBP), the team focused on deciphering the complex energy landscapes of de-evolved, putative protein sequences corresponding to pseudogenes.

Pseudogenes are segments of DNA that once encoded proteins but have since lost their ability to do so due to sequence degradation -- a phenomenon referred to as devolution. Here, devolution represents an unconstrained evolutionary process that occurs without the usual evolutionary pressures that regulate functional protein-coding sequences.

Despite their inactive state, pseudogenes offer a window into the evolutionary journey of proteins.

"Our paper explains that proteins can de-evolve," Wolynes said. "A DNA sequence can, by mutations or other means, lose the signal that tells it to code for a protein. The DNA continues to mutate but does not have to lead to a sequence that can fold."

The researchers studied junk DNA in a genome that has de-evolved. Their research revealed that a mutation accumulation in pseudogene sequences typically disrupts the native network of stabilizing interactions, making it challenging for these sequences, if they were to be translated, to fold into functional proteins.

However, the researchers observed instances where certain mutations unexpectedly stabilized the folding of pseudogenes at the cost of altering their previous biological functions.




They identified specific pseudogenes, such as cyclophilin A, profilin-1 and small ubiquitin-like modifier 2 protein, where stabilizing mutations occurred in regions crucial for binding to other molecules and other functions, suggesting a complex balance between protein stability and biological activity.

Moreover, the study highlights the dynamic nature of protein evolution as some previously pseudogenized genes may regain their protein-coding function over time despite undergoing multiple mutations.

Using sophisticated computational models, the researchers interpreted the interplay between physical folding landscapes and the evolutionary landscapes of pseudogenes. Their findings provide evidence that the funnellike character of folding landscapes comes from evolution.

"Proteins can de-evolve and have their ability to fold compromised over time due to mutations or other means," Wolynes said. "Our study offers the first direct evidence that evolution is shaping the folding of proteins."

Along with Wolynes, the research team includes lead author and applied physics graduate student Hana Jaafari ; CTBP postdoctoral associate Carlos Bueno ; University of Texas at Dallas graduate student Jonathan Martin; Faruck Morcos, associate professor in the Department of Biological Sciences at UT-Dallas; and CTBP biophysics researcher Nicholas P. Schafer.

The implications of this research extend beyond theoretical biology with potential applications in protein engineering, Jaafari said.

"It would be interesting to see if someone at a lab could confirm our results to see what happens to the pseudogenes that were more physically stable," Jaafari said. "We have an idea based on our analysis, but it'd be compelling to get some experimental validation."
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Cats purrfectly demonstrate what it takes to trust robots | ScienceDaily
Would you trust a robot to look after your cat? New research suggests it takes more than a carefully designed robot to care for your cat, the environment in which they operate is also vital, as well as human interaction.


						
Cat Royale is a unique collaboration between Computer Scientists from the University of Nottingham and artists at Blast Theory who worked together to create a multispecies world centred around a be-spoke enclosure in which three cats and a robot arm coexist for six hours a day during a twelve-day installation as part of an artist-led project. The installation was launched in 2023 at the World Science Festival in Brisbane, Australia and has been touring since, it has just won a Webby award for its creative experience.

The research paper, "Designing Multispecies Worlds for Robots, Cats, and Humans" has just been presented at the annual Computer-Human Conference (CHI'24) where it won best paper. It outlines how designing the technology and its interactions is not sufficient, but that it is equally important to consider the design of the `world' in which the technology operates. The research also highlights the necessity of human involvement in areas such as breakdown recovery, animal welfare, and their role as audience.

Cat Royale centred around a robot arm offering activities to make the cats happier, these included dragging a 'mouse' toy along the floor, raising a feather 'bird' into the air, and even offering them treats to eat. The team then trained an AI to learn what games the cats liked best so that it could personalise their experiences.

"At first glance, the project is about designing a robot to enrich the lives of a family of cats by playing with them. " commented Professor Steve Benford from the University of Nottingham who led the research, "Under the surface, however, it explores the question of what it takes to trust a robot to look after our loved ones and potentially ourselves."

Working with Blast Theory to develop and then study Cat Royale, the research team gained important insights into the design of robots and its interactions with the cats. They had to design the robot to pick up toys, deploy them in ways that excited the cats, while it learned which games each cat liked. They also designed the entire world in which the cats and the robot lived, providing safe spaces for the cats to observe the robot and from which to sneak up on it, and decorating it so that the robot had the best chance of spotting the approaching cats.

The implication is designing robots involves interior design as well as engineering and AI. If you want to introduce robots into your home to look after your loved ones, then you will likely need to redesign your home.

Research workshops for Cat Royale were held at the Univeraity of Nottingham's unique Cobotmaker Space where stakeholders were bought together to think about the design of the robot /welfare of cats. Eike Schneiders, Transitional Assistant Professor in the Mixed Reality Lab at the University of Nottingham worked on the design, he said: "As we learned through Cat Royale, creating a multispecies system -- where cats, robots, and humans are all accounted for -- takes more than just designing the robot. We had to ensure animal wellbeing at all times, while simultaneously ensuring that the interactive installation engaged the (human) audiences around the world. This involved consideration of many elements, including the design of the enclosure, the robot and its underlying systems, the various roles of the humans-in-the-loop, and, of course, the selection of the cats."
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World's largest hummingbird is actually two species | ScienceDaily
The Giant Hummingbird of western South America is not one species but two, according to an international group of researchers. The northern population stays in the high Andes year-round while the southern population migrates from sea level up to 14,000 feet for the nonbreeding months. The two species appear identical. But looks deceive -- their genomes and behaviors tell a different story. The paper announcing the find was published this week in the journal Proceedings of the National Academy of Sciences.


						
"These are amazing birds," said lead author Jessie Williamson, a National Science Foundation Postdoctoral Fellow and Rose Postdoctoral Fellow at the Cornell Lab of Ornithology. "They're about eight times the size of a Ruby-throated Hummingbird. We knew that some Giant Hummingbirds migrated, but until we sequenced genomes from the two populations, we had never realized just how different they are."

"They are as different from each other as chimpanzees are from bonobos," said senior author Chris Witt at the University of New Mexico. "The two species do overlap on their high elevation wintering grounds. It's mind-boggling that until now nobody figured out the Giant Hummingbird mystery, yet these two species have been separate for millions of years. "

At first, the research goal was simply to learn where the migratory population went -- a journey tracked with geolocators and satellite transmitters. The researchers actually tracked 8 individual hummingbirds migrating up to 5,200 miles from the Chilean coast up to the Andes of Peru and back. Williamson says that's one of the longest, if not the longest hummingbird migration in the world. The out-and-back journey is longer than the distance from New York City to Istanbul, Turkey.

The authors say the shift in migratory behavior is what drove speciation, though there's no way to tell whether migratory behavior was gained by one species or lost by the other. Until now, there had been only one known species on this branch of the hummingbird family tree, while the Giant Hummingbird's closest relatives -- the world's smallest hummingbirds -- diversified into 165 distinct hummingbird species.

The researchers are proposing straightforward common names: Northern Giant Hummingbird and Southern Giant Hummingbird. The southern migrant species will retain the Latin name, Patagona gigas. The proposed scientific name for the resident northern population is Patagona chaski. "Chaski" is Quechua for "messenger." Quechua is the name for a family of Indigenous languages that spread from Peru to other neighboring countries.

The researchers relied on support and local knowledge from landowners and villages in Peru and Chile. Co-author Emil Bautista's village in Peru was a homebase for this project and the community supported the scientists' work. But even with more than 15 years of field experience, Bautista admits this fieldwork was the hardest he's ever done.




"Capturing Giant Hummingbirds is very challenging," he said. "They watch everything and they know their territories well. We had to be strategic in choosing sites for our nets. If Giant Hummingbirds see something unusual, they won't visit that spot. They are more observant than other birds."

Right now, Giant Hummingbird populations, north and south, are stable and the species are common within their ranges -- some even visit backyard nectar feeders. The team plans to continue research on these enigmatic birds.

"We have to figure out where these two forms come together and how they interact," said Witt. "Do they compete, is one dominant over the other, how might they partition resources, and do they mix or spatially segregate within the winter range? Lots of interesting questions to pursue!"

"I'm really interested in how Southern Giant Hummingbirds make such dramatic shifts in elevation during migration. They travel from sea level to the high Andes in just a few weeks," said Williamson. "They're like miniature mountain climbers. How do they change their physiology to facilitate these movements?"




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240513150528.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Environment News
          
          	
            Sections
          
          	
            Strange &amp; ...
          
        

      

      Society News

      Top stories featured on ScienceDaily's Science & Society, Business & Industry, and Education & Learning sections.


      
        Wind farms can offset their emissions within two years
        After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.

      

      
        When saying 'please' is more strategic than magic
        By kindergarten age, most children have been taught that 'please' is a magic word. 'Please' is an expression of politeness that shows courtesy and respect, turning a potential demand into a request that will -- poof! -- magically be granted. But a new study on the ways people make requests of one another suggests that 'please' might not be an all-purpose marker of politeness, but rather a more focused, strategic tool to manage frictions or obstacles among family members, friends and even coworker...

      

      
        The crystallization of memory: Study reveals how practice forms new memory pathways in the brain
        A new study has shown that repetitive practice not only is helpful in improving skills but also leads to profound changes in the brain's memory pathways.

      

      
        John Milton's notes discovered, including a rare example of prudish censorship
        John Milton's handwritten annotations have been identified in a copy of Raphael Holinshed's Chronicles (1587), a vital source of inspiration for the Paradise Lost poet. The discovery makes this one of only three known books to preserve Milton's handwritten reading notes, and one of only nine books to have survived from his library.

      

      
        The case for sharing carbon storage risk
        Even the most optimistic projections for the rapid build-out of solar, wind, and other low-carbon resources acknowledge that coal, natural gas, and other fossil fuels will dominate the world's energy mix for decades to come. If the vast greenhouse gas emissions from burning these fossil fuels continue to enter the planet's atmosphere, global warming will not be limited to sustainable levels. The capture and geologic sequestration of carbon emissions (CCS) offer a promising solution to the world's...

      

      
        Counterfeit coins can be detected more easily thanks to a novel approach
        Researchers present a novel framework that uses image-mining techniques and machine learning algorithms to identify flaws in counterfeit coins. The researchers' framework uses fuzzy association rules mining to find patterns that are similar but 'fuzzy,' i.e., not clear enough to be exact copies. However, the framework will eventually arrive at a certain range of results where positive matches be confidently identified.to extract frequent patterns from the images. These patterns capture relationsh...

      

      
        90% of Floridians believe climate change is happening
        The latest 'Florida Climate Resilience Survey' found that 90% of Floridians believe that climate change is happening. Belief in human-caused climate change has surged among Florida Independents while slipping among Republicans in the state since last fall. But despite these changes, the survey found enduring support among Floridians for increased government action to address the consequences of a warming planet. The survey found 68% of all respondents want state government to do more and 69% want...

      

      
        People without an inner voice have poorer verbal memory
        The vast majority of people have an ongoing conversation with themselves, an inner voice, that plays an important role in their daily lives. But between 5-10 per cent of the population do not have the same experience of an inner voice, and they find it more difficult to perform certain verbal memory tasks, new research shows.

      

      
        Mixed public opinion on polygenic embryo screening for IVF
        Survey reveals nearly three-quarters of U.S. adults support using emerging technology to screen embryos during IVF for risk of developing certain health conditions or traits that arise from more than one gene. Only about one-third of respondents approved of using the technology to predict traits unrelated to disease. Nearly all expressed concerns about potential negative outcomes for individuals or society. Findings underscore need for public education about benefits, limitations, ethical hazards...

      

      
        When consumers would prefer a chatbot over a person
        Actually, sometimes consumers don't want to talk to a real person when they're shopping online, a new study suggests. In fact, what they really want is a chatbot that makes it clear that it is not human at all. In a new study, researchers found that people preferred interacting with chatbots when they felt embarrassed about what they were buying online -- items like antidiarrheal medicine or, for some people, skin care products.

      

      
        Study traces an infectious language epidemic
        A computer scientist has shown the power of language to predict harm -- this time to the nation's health.

      

      
        The price tag of phasing-out coal
        Coal phase-out is necessary to solve climate change, but can have negative impacts on workers and local communities dependent on coal for their livelihoods. Researchers have studied government plans for coal phase-out around the world and discovered that more than half of such plans include monetary compensation to affected parties. This planned compensation globally amounts to USD 200 billion, but it excludes China and India, the two largest users of coal that currently do not have phase-out pla...

      

      
        Team studies factors related to a sense of economic insecurity in older adults
        Researchers undertook a study of older adults to examine the connection between a sense of economic insecurity and a person's participation in social activities.

      

      
        US Navy Growler jet noise over Whidbey Island could impact 74,000 people's health
        As often as four days a week, Boeing EA-18G Growler electronic attack aircraft based at Naval Air Station Whidbey Island fly loops overhead as pilots practice touch-and-go landings. The noise is immense. New research shows that the noise isn't just disruptive -- it presents a substantial risk to public health.

      

      
        AI systems are already skilled at deceiving and manipulating humans
        Many artificial intelligence (AI) systems have already learned how to deceive humans, even systems that have been trained to be helpful and honest. Researchers describe the risks of deception by AI systems and call for governments to develop strong regulations to address this issue as soon as possible.

      

      
        AI intervention mitigates tension among conflicting ethnic groups
        While intergroup interaction is a prerequisite for initiating peace and stability, there is the risk of further escalation from direct interactions. A shortage of an impartial electronic contact session may cause the process to become destabilized. Interactive AI programs may help reduce prejudice and anxiety among historically divided ethnic groups in Afghanistan during online interactions.

      

      
        AI knowledge gets your foot in the door
        Employers are significantly more likely to offer job interviews and higher salaries to graduates with experience of artificial intelligence, according to new research.

      

      
        Discrimination may accelerate aging
        Discrimination may speed up the biological processes of aging, according to a new study.

      

      
        Transformation of ocean management is underway
        Despite its benefits and recognition as a keystone practice of ocean stewardship and conservation, adoption of ecosystem-based management has been slow to take hold. To support this change in ocean management, a group of researchers and practitioners investigated the global progress of marine EBM initiatives.

      

      
        Manganese sprinkled with iridium: a quantum leap in green hydrogen production
        Researchers report a new method that reduces the amount of iridium needed to produce hydrogen from water by 95%, without altering the rate of hydrogen production. This breakthrough could revolutionize our ability to produce ecologically friendly hydrogen and help usher in a carbon-neutral hydrogen economy.
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Wind farms can offset their emissions within two years | ScienceDaily
After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.


						
That's according to a new peer-reviewed study published in the Journal of the Royal Society of New Zealand -- which also shows within six months a turbine can generate all the energy consumed across its life-cycle.

The research uses data from the Harapaki onshore wind farm in Hawke's Bay, New Zealand -- however the authors of the paper explain that their findings would be replicated across most, if not all, wind farms internationally.

"The wind turbine technology employed in New Zealand is consistent with that used internationally," explains lead author Isabella Pimentel Pincelli from the Sustainable Energy Systems research group, Wellington Faculty of Engineering, at Te Herenga Waka Victoria University of Wellington.

"Although the carbon offset depends on the exact older technology the wind turbines are replacing, we would expect a similar offset internationally. In New Zealand it is gas turbines, but many countries will be displacing fossil fuel generators.

"The outcomes of our study underscore the environmental efficiency of onshore wind farms and their important role in the energy transition. Notably, the manufacturing of wind turbines is the primary contributor to the carbon and energy footprints, highlighting a critical area for targeted environmental mitigation strategies."

The study reviewed current literature on wind farms, as well as using real construction data to take into account everything from the manufacturing of individual turbine parts, to transporting them into place, to decommissioning the entire wind farm at Harapaki -- which comprises 41 turbines.




The results indicate that this particular farm will leave a carbon footprint of 10.8 gCO2eq/kWh, which equates to a greenhouse gas payback time of 1.5-1.7 years for avoided combined cycle gas turbines, and an energy payback time of 0.4-0.5 years.

Co-author Professor Alan Brent, Chair in Sustainable Energy Systems at Wellington, explains while the results underscore how onshore wind plants are aligned with the principles of sustainable development, more can still be explored with making the manufacturing process more eco-friendly.

"The environmental impacts of the installation and transportation phases are important. Together they accounted for nearly 10% of the overall emissions," states Brent, a Professor of Sustainable Energy Systems.

"It therefore remains crucial to continue implementing improvements aimed at limiting negative environmental impacts while maximizing positive contributions throughout the supply chain of onshore wind plants.

"Notably, the manufacturing of wind turbines is the primary contributor to the carbon and energy footprints, highlighting a critical area for targeted environmental mitigation strategies."

To address the carbon outlay of the process of developing such wind farms, the expert team recommend developing a recycling process for end-of-life blades.

Currently blades are disposed of in landfill due to commercial feasibility, but by recycling the blades -- either mechanically or chemically -- could drop the emissions from the current 10.8 gCO2eq to a potential 9.7.

Additionally, the team recommend that research is carried out regularly in this area as with the "rapid advancements of technologies" it will be "necessary to ensure research remains reflective of current practices to accurately inform decision-making processes."

This study has some methodological limitations. First, it focuses only on the energy intensity and emissions throughout the life cycle of the wind farm, even though there are other environmental impacts, such as ozone depletion, human toxicity, acidification, eutrophication, and resource depletion. Social, wildlife, or economic impacts were also not considered.
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When saying 'please' is more strategic than magic | ScienceDaily
By kindergarten age, most children have been taught that "please" is a magic word. "Please" is an expression of politeness that shows courtesy and respect, turning a potential demand into a request that will -- poof! -- magically be granted.


						
But a new study on the ways people make requests of one another suggests that "please" might not be an all-purpose marker of politeness, but rather a more focused, strategic tool to manage frictions or obstacles among family members, friends and even coworkers.

The study, published in Social Psychology Quarterly and authored by a team of sociologists from UCLA, shows that people say "please" much less often than expected, and mostly when they expect a "no" response is forthcoming.

Whether passing the butter or driving someone to the airport, non-strangers say "please" to each other to sweeten a request when they know the other is likely unwilling, either because they have resisted already or because they are busy doing something else.

The findings suggest there should be less effort put into teaching prescriptive, "one-word-fits-all" principles, and more focus on how to be sensitive to the particulars of a situation.

"Any generic rule -- like saying "please" and "thank you" -- doesn't take into account the specific situation, and may not always indicate respect or politeness," said Andrew Chalfoun, a graduate student studying sociology and lead author of the study. "It may also not be very effective."

Saying "please" could even be harmful in a given situation.




"In the wrong context, saying 'please' may run the risk of sounding pushy or dubious about another's willingness to help," Chalfoun said.

For the study, Chalfoun and UCLA sociologists Giovanni Rossi and Tanya Stivers took into account the words, facial expressions and behaviors observed in 17 hours of mostly informal, naturally occurring conversations that were recorded on video among family members, friends and coworkers, with a few exchanges involving strangers. The video cameras had been set up with participants' consent in homes, workplaces and outdoor areas for a previous study. The conversations took place during everyday activities across a range of settings such as meals, board games like "Catan," haircuts at a salon, food preparation and in the back room of a retail store. The conversations were in person among British and American English speakers from diverse racial, ethnic and socioeconomic backgrounds, and among various age groups. The study did not include business requests, like a customer ordering from a restaurant. They also did not include written or phone requests.

Out of more than a thousand distinct "request attempts" observed in the video-recorded interactions, "please" was used only 69 times, or 7% of the time, mostly when there was a foreseen obstacle to overcome, and not due to perceived subordination, need for deference, difference in gender or the relative size of a request.

In about half of the instances when someone asked for something with "please," it was because the person they were addressing had already indicated they were unwilling to act as requested or had previously refused. For example, a woman used "please" when asking her spouse to sit down at the dinner table after repeated requests went ignored.

In another third of cases, the person was engaged in an activity incompatible with what was being asked, i.e. in the middle of something else. For example, a man used "please" when asking his spouse to make soup stock, knowing she was busy washing baby bottles.

The researchers also found that children say "please" about as often as adults, and in similar situations. In the video observed by the researchers, a teenager used "please" to ask her mother to buy her a dress when she expected her to say no, because she had rejected a similar request previously. Evidence of the previous rejection came in her mother's reply after the "please," which was, "We've been through this before."

"Every community has explicit norms that define what counts as polite or respectful conduct, for example as taught to children or someone new to the community," Chalfoun said. "We're interested in understanding whether those norms are in fact followed in everyday life or there are other, more tacit norms that better explain people's conduct."

By observing how politeness actually works in everyday life, the team hopes to provide researchers with better models for how to understand the dynamics that underly social behavior.
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The crystallization of memory: Study reveals how practice forms new memory pathways in the brain | ScienceDaily
A new study led by UCLA Health has shown that repetitive practice not only is helpful in improving skills but also leads to profound changes in the brain's memory pathways.


						
The research, published in the journal Nature and co-led by Rockefeller University, sought to unravel how the brain's ability to retain and process information, known as working memory, improves through training.

To test this, researchers tasked mice with identifying and recalling a sequence of odors over the course of two weeks. Researchers then tracked neural activity in the animals as they practiced the task by using a novel, custom-built microscope that can image cellular activity in up to 73,000 neurons simultaneously throughout the cortex.

The study revealed a transformation in the working memory circuits located in the secondary motor cortex as the mice repeated the task through time. As the mice were first learning the task, the memory representations were unstable. However, after repeatedly practicing the task, the memory patterns began to solidify or "crystalize," said corresponding author and UCLA Health neurologist Dr. Peyman Golshani.

"If one imagines that each neuron in the brain is sounding a different note, the melody that the brain is generating when it is doing the task was changing from day to day, but then became more and more refined and similar as animals kept practicing the task," Golshani said.

These changes give insights into why performance becomes more accurate and automatic following repetitive practice.

"This insight not only advances our understanding of learning and memory but also has implications for addressing memory-related disorders," Golshani said.

The work was performed by Dr. Arash Bellafard, project scientist at UCLA in close collaboration with Dr. Alipasha Vaziri's group at Rockefeller University.
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John Milton's notes discovered, including a rare example of prudish censorship | ScienceDaily
John Milton's handwritten annotations have been identified in a copy of Raphael Holinshed's Chronicles (1587), a vital source of inspiration for the Paradise Lost poet. The discovery, made in the Burton Barr Central Library in Phoenix, Arizona, makes this one of only three known books to preserve Milton's handwritten reading notes, and one of only nine books to have survived from his library.


						
The findings, detailed today by three researchers in the Times Literary Supplement (TLS), include Milton censoring Holinshed by crossing out a lewd anecdote about the mother of William the Conqueror, Arlete.

Spotted while dancing by Robert I of Normandy, and summoned to his bed, Arlete refused to let him lift up her smock and instead tore it herself from top to bottom, explaining that it would be immodest for her 'dependant' garments to be 'mountant' to her sovereign's mouth.

In the margin, Milton dismisses this anecdote as inappropriate and told in the style of a pedlar hawking wares on the streets. In Milton's exact words, it was: "an unbecom[ing] / tale for a hist[ory] / and as pedlerl[y] / expresst."

"The adverb 'pedlerly' was quite rare in writing at the time so we are seeing Milton really stretching language to express his contempt," said co-author Prof. Jason Scott-Warren, from Cambridge University's English Faculty, who was consulted to confirm that the handwriting was Milton's.

"Milton is renowned as an enemy of press censorship," Scott-Warren said, "but here we see he was not immune to prudishness."

Milton crossed through the passage with a single, light diagonal line so the words beneath remain fully legible.




The discovery was made thanks to the Arizona Book History Group, a research forum at the Phoenix Public Library organized by Assistant Prof. Brandi Adams and Prof. Jonathan Hope, both from Arizona State University's Dept. of English. Adams and Hope raised funds for four visiting scholars to study books in the library's Alfred Knight Collection. In March this year, these researchers included the two other authors of this study: Dr Aaron Pratt, Curator of Early Books & Manuscripts at University of Texas; and Claire Bourne, an associate professor of English at Penn State. Holinshed's Chronicles, bound in two hefty volumes, was among a number of books that the researchers requested to see.

On 1st March, Dr Pratt noticed a surprising little "e" in notations added to the book. "I was like, 'God, there's no way in hell this is true, but it kind of looks like this stupid way Milton writes 'e'," Pratt said.

Intrigued, Pratt kept looking and started seeing scratchy brackets with notations in the margins, brackets that looked very similar to those found in one of the two other known books with Milton's handwriting, Shakespeare's First Folio, which Bourne and Scott-Warren found in 2019 in the Philadelphia Free Library.

Bourne started to compare the annotations in Holinshed's Chronicles with those in the Shakespeare Folio. "We're kind of going back and forth, like, is that double 'l' similar? Is that double 's' similar?" Bourne said.

Bourne then texted photos of the handwriting and brackets to Jason Scott-Warren, Director of the Cambridge Centre for Material Texts and a Fellow of Gonville and Caius College.

In 2019, Scott-Warren identified Milton as the annotator of a copy of the Shakespeare First Folio in the Free Library of Philadelphia, building on Bourne's research. Academics and media reports called this one of the most important literary discoveries of modern times. Since then, the pair have employed research assistants to look for other surviving books from Milton's library, with no luck.




Bourne wasn't sure how Scott-Warren would respond to the Holinshed notations, describing him as "very conservative" when it comes to reaching such verdicts. But his reply was rapid and enthusiastic: "Wow. Bingo!"

Milton's handwriting

Scott-Warren's assessment involved comparing the handwriting in the Holinshed annotations with Milton's handwriting preserved in two surviving holograph manuscripts: the Commonplace Book (British Library) and the Trinity Manuscript (Trinity College, Cambridge).

Milton's handwriting evolved in the 1630s and the version preserved in the Holinshed matches entries dating from the early 1640s in both manuscripts. The annotations consistently deploy italic e (e) -- a feature Milton adopted before his trip to Italy in 1638-39 -- rather than the epsilon e (e) used previously. Other features fit with what we know of Milton's neat italic hand, which rarely featured joined letters. Giveaways include hooks and curls on particular letters and a characteristic unevenness in the formation of small 's's.

Milton and Holinshed

Holinshed's massive account of English, Irish and Scottish history from antiquity to the reign of Elizabeth I was a major source for Shakespeare's histories and other plays including Macbeth. Milton himself repeatedly quoted Holinshed in his Commonplace Book, to support his republican views. The researchers found that over 90% of these references correspond with passages marked in the Knight Collection copy of the second bound volume.

The researchers found around 100 examples in this volume alone. On page 87, a bracket marks a passage recording that Henry II's wife Eleanor was "enraged against hir husband bicause he kept sundrie concubines," which Milton notes in the Commonplace Book: "Concubinatus ... turn'd both wife & children against our Hen. 2. Holinsh. p. 87."

And in his notes on kings and tyrants, Milton transcribes a number of details that he marked out in Holinshed's account of Richard II's deposition, including one which Milton would later use to justify the execution of Charles I.

In the Trinity Manuscript, Milton borrowed source material from the Chronicles to plan a series of proposed historical dramas. Milton used two pages of material from Holinshed's history of Scotland to describe his idea for the first of 5 "Scotch stories," a violent revenge narrative involving a witch.

Significance

The researchers believe that the discovery opens up new perspectives on his engagement with a major source for his writings, including Of Reformation (1641) and The History of Britain (1670). He would have been working on both around the time -- or shortly after -- he was reading the Chronicles.

Several of Milton's notes cite other books known to have been in his library. These include John Stow's Annales, another key source of historical information. Milton also marked out Holinshed quoting Giovanni Villani's Chroniche di Firenze (Chronicles of Florence), a book which Milton included in the curriculum he developed for his nephews in the 1640s.

The notes also emphasize Milton's interest in continental poetry. Under Holinshed's assertion that Richard the Lionheart was "not very notorious," Milton added: "the booke of Provenzall poets numbers him in / the catalogue, telling of his poetrie, and his Provenzal / mistresses." The researchers believe this book refers to Jean de Nostredame's Les vies des plus ce?le?bres et anciens poe?tes provenc?aux (Lyon, 1575), which discusses Richard's poetry and mistresses.

Scott-Warren said: "This discovery also serves as additional confirmation that the Shakespeare First Folio belonged to Milton. Both books feature the same swooping brackets, and they display closely comparable annotative practices. And they remind us of just how voracious he was as a reader."

Life after Milton

What happened to Milton's books after his death in 1674 remains unclear, but it is widely accepted that they were sold off in batches. The trail of the Holinshed goes cold for well over a century. Around 1800, someone had the volumes rebound. Within a few decades, new endpapers were added, and around 1847, the ecclesiastical historian and collector William Maskell signed the book and began adding his own notes.

By 1942, the volumes had made their way to Beverly Hills, California, where the bookseller Maxwell Hunley sold them to the real estate magnate and philanthropist Alfred Knight. In 1958, Knight bequeathed them to the people of Phoenix, Arizona.

The researchers point out that public libraries like Phoenix's are 'are off the beaten path for academics who work with early modern books and manuscripts'. This discovery, barely five years after the Shakespeare Folio was found in another US public library, suggests that more of Milton's books may be out there, including in less well-known collections.

Reference

Claire M. L. Bourne, Aaron T. Pratt, and Jason Scott-Warren, 'The hand of Milton: Identifying the author's annotated copy of Holinshed's Chronicles', TLS (2024)

Media contacts

Tom Almeroth-Williams, Communications Manager (Research), University of Cambridge: @admin.cam.ac.uk" title="mailto:researchcommunications@admin.cam.ac.uk">researchcommunications@admin.cam.ac.uk / tel: +44 (0) 7540 139 444

Prof Jason Scott-Warren, University of Cambridge: @cam.ac.uk" title="mailto:jes1003@cam.ac.uk">jes1003@cam.ac.uk




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240515122957.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The case for sharing carbon storage risk | ScienceDaily
Even the most optimistic projections for the rapid build-out of solar, wind, and other low-carbon resources acknowledge that coal, natural gas, and other fossil fuels will dominate the world's energy mix for decades to come. If the vast greenhouse gas emissions from burning these fossil fuels continue to enter the planet's atmosphere, global warming will not be limited to sustainable levels. The capture and geologic sequestration of carbon emissions (CCS) offer a promising solution to the world's carbon conundrum.


						
Even with growing technological maturity and generous public policy support, however, the necessary CCS rush is lagging due to inefficient and oft-stifling liability regimes in the United States and elsewhere. A recent Nature Sustainability comment by Felix Mormann, a professor at Texas A&M University School of Law, reveals critical shortcomings in CCS liability management and proposes a multi-tiered framework, modeled after nuclear power plant liability, to reconcile the global interest in CCS deployment with developers' limited risk-bearing capacity and the need for adequate compensation in the event of an accident.

Jurisdictions with dedicated liability regimes for sequestered carbon generally fall into one of two camps. The first camp holds developers liable for carbon stored underground over extended timeframes, such as the 50-year liability imposed by U.S. federal law, which doubles to 100 years for projects tapping into the lucrative incentives offered under California law. The second camp, including Australia, the Canadian province of Alberta as well as certain E.U. members and U.S. states among other jurisdictions, allows CCS operators to transfer liability for their sequestration sites shortly after carbon injections end.

"Neither of these approaches is likely to deliver the CCS projects we need to put a serious dent in the world's carbon emissions," Mormann said. "Strict long-term liability can have a stifling effect on deployment. The 'get-out-of-jail-free-card' of liability transfer, meanwhile, diminishes a developer's incentives to apply the requisite care in the selection, development, and operation of their carbon sequestration site."

Thinking through the challenges of managing CCS liability, Mormann was reminded of another sustainable energy technology -- nuclear power -- that struggled to enter the mainstream some seventy years ago.

"The parallels between CCS and nuclear power are far from obvious at first glance. After all, nuclear produces a desirable commodity in the form of electricity, while CCS removes an unwanted by-product of generating that same commodity using fossil fuels," emphasizes Mormann. "But the more I studied it, the more I realized that CCS projects today engender many of the same competing interests that nuclear power evoked back in the 1950s: strong societal interest in more sustainable energy technology, private industry's fear of possibly crushing liability, and the public's need for protection against unlikely but potentially devastating accidents."

Based on this nuclear-CCS analogy, Mormann's comment proposes a multi-tiered framework for managing CCS liability modeled after the 1957 Price-Anderson Act that jumpstarted the U.S. nuclear power industry. The proposed framework would hold individual sequestration sites liable up to the maximum of commercially available liability insurance. For damages beyond these limits, all sequestration sites in the jurisdiction would pitch in via a form of pooled industry self-insurance, again up to a specified limit.

"If the nuclear experience is any indication," explains Mormann, "this secondary layer of industry-shared liability is likely to encourage knowledge sharing and communitarian self-regulation among CCS operators that further reduces the risk of accidents." Only once these first two layers have been exhausted, would government step in to provide additional funds, in recognition of the societal interest in the safe and timely deployment of this crucial decarbonization technology.
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Counterfeit coins can be detected more easily thanks to a novel approach | ScienceDaily
Concordia researchers at the Centre for Pattern Recognition and Machine Intelligence (CENPARMI) present a novel framework that uses image-mining techniques and machine learning algorithms to identify flaws in counterfeit coins.


						
Metal coins may be just about the oldest medium of exchange still in use today, but ensuring their worth requires some of the most state-of-the-art technology available. Counterfeit coins remain a threat to global currencies, with malicious actors flooding markets with fakes. European police broke up a Spain-based criminal ring in late April, demonstrating the issue's ongoing urgency.

However, no counterfeit is completely detection-proof, no matter how genuine it appears. There are always some tell-tale signals of forgery, even if they are not immediately noticeable to the naked eye.

In a new paper in the journal Expert Systems With Applications, a group of Concordia researchers at the Centre for Pattern Recognition and Machine Intelligence (CENPARMI) present a novel framework that uses image-mining techniques and machine learning algorithms to identify flaws in counterfeit coins.

"Using image technology, we scanned both genuine and counterfeit coins so we can look for anomalies that may be either two- or three-dimensional, such as letters or the face of the person on the coin," says Ching Suen, a professor in the Department of Computer Science and Software Engineering and the paper's supervising author.

"This framework is not only about safeguarding our economy and resources," adds the paper's lead author, CENPARMI postdoctoral fellow Maryam Sharifi Rad. "It is also about pushing the boundaries of technology and improving security."

CENPARMI research associate Saeed Khazaee also contributed to this study.




The tell-tale blob

The researchers' framework is built around fuzzy association rules mining. This approach uses artificial intelligence to find patterns that are similar but "fuzzy," i.e., not clear enough to be exact copies. However, the framework will eventually arrive at a certain range of results where positive matches be confidently identified.

The method begins by using state-of-the-art scanners to examine coins suspected of being counterfeit. The coins are provided by law enforcement agencies.

The scanned images are then segmented to regions of interest, which consist of collections of localized coherent regions referred to as "blobs." These blobs are recognized based on visual similarity and composition, which provide relevant features the researchers can extract. Blobs are like clues that help the researchers figure out what is going on in the scanned images.

Fuzzy association rules mining is performed using these blobs to extract frequent patterns from the images. These patterns capture relationships among the blobs' attributes, such as colour, texture, shape and size. The patterns help researchers to better understand the images and tell whether a coin is real or fake.

The blobs play a crucial role in generating fuzzy association rules, which represent implicit knowledge and relationships within a set of images, aiding in image classification tasks.

The researchers say they believe their technique can be applied to detect all manner of counterfeit items beyond coins.

"This method can be used to detect all kinds of fake goods, which we are seeing all over the world," says Suen. "It can also be used to detect fake labels on fruits, wines, liquor and so on. There are many places where this can be applied."
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90% of Floridians believe climate change is happening | ScienceDaily
The latest edition of Florida Atlantic University's "Florida Climate Resilience Survey," found that 90% of Floridians believe that climate change is happening. In comparison, a recent Yale University survey showed 72% of all Americans believe climate change is happening. The FAU survey includes questions on beliefs about climate change, experience with extreme weather events and support for climate-related policies.


						
The Florida Climate Resilience Survey also shows belief in human-caused climate change has surged among Florida Independents while slipping among Republicans in the state since last fall.

But despite these changes, the latest edition of the survey found enduring support among Floridians for increased government action to address the consequences of a warming planet. The survey found 68% of all respondents want state government to do more and 69% want the federal government to do more to address climate change, a finding consistent with previous surveys.

"Floridians support strengthening our resilience to the effects of climate change because they are experiencing it. The urgency to act means debate over causes is largely irrelevant," said Colin Polsky, Ph.D., founding director of FAU's School of Environmental, Coastal, and Ocean Sustainability (ECOS), a professor in geosciences, and director of the FAU Center for Environmental Studies (CES) within the Charles E. Schmidt College of Science.

Among the 58% of Floridians who believe human activity is the cause of climate change, the survey found changing attitudes based on party affiliations. Among Floridians who report no party affiliation, belief that climate change is caused by human activity increased by 11% since the last survey in September 2023 (to 64% in the latest survey). But belief in human-caused climate change among Florida Republicans declined during that time, dropping to 40% from 45%.

The survey also found noteworthy differences in opinion based on the age of the respondents. Respondents under age 50 were more likely to believe that human activity is the cause of climate change than those 50 and older (66% to 50%) and more likely to want state government to do more to address its impacts (77% to 59%).

"Global warming became a major public issue in 1988. The age 50 cutoff is therefore a good proxy for separating people whose formative years included this issue versus those who did not," said Polsky.




The latest survey found that 67% of Floridians believe climate change should be taught in schools. More than two-thirds of respondents have supported climate education in classrooms in nine of the 10 surveys conducted since 2019.

Florida Democrats (87%) and independents (68%) expressed the highest level of support for climate education in the latest survey, but even a majority of Republicans expressed this belief (52%).

"This abiding majority support for K-12 teaching climate change confirms the premise that Floridians want more climate change awareness and action regardless of the cause," said Polsky.

The survey also found falling support for solar power as the primary form of energy production that Florida should be supporting for the future: 51% of all respondents support that statement, a decrease of 4% since last fall.

This decline has been happening since solar energy reached peak support of 62% in September 2022, but the recent drop was most pronounced among Florida Republicans. While support for solar remained consistent among Florida Democrats and independents since the last survey, such support fell 9% among Republican respondents.

Overall, most respondents said that climate change sparked their concern for the well-being of future generations (68%). But less than half of all respondents (48%) said they would be willing to pay $10 a month to strengthen Florida's infrastructure to weather hazards.

CES has conducted the Florida Climate Resilience Survey since October 2019 and now does so every spring and fall. The latest edition was conducted in English and Spanish from March 18-21. The sample consisted of 1,400 Floridians, ages 18 and older, with a survey margin of error of +/- 2.53 percentage points.
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People without an inner voice have poorer verbal memory | ScienceDaily
The vast majority of people have an ongoing conversation with themselves, an inner voice, that plays an important role in their daily lives. But between 5-10 per cent of the population do not have the same experience of an inner voice, and they find it more difficult to perform certain verbal memory tasks, new research shows.


						
Previously, it was commonly assumed that having an inner voice had to be a human universal. But in recent years, researchers have become aware that not all people share this experience.

According to postdoc and linguist Johanne Nedergard from the University of Copenhagen, people describe the condition of living without an inner voice as time-consuming and difficult because they must spend time and effort translating their thoughts into words:

"Some say that they think in pictures and then translate the pictures into words when they need to say something. Others describe their brain as a well-functioning computer that just does not process thoughts verbally, and that the connection to loudspeaker and microphone is different from other people's. And those who say that there is something verbal going on inside their heads will typically describe it as words without sound."

Harder to remember words and rhymes

Johanne Nedergard and her colleague Gary Lupyan from the University of Wisconsin-Madison are the first researchers in the world to investigate whether the lack of an inner voice, or anendophasia as they have coined the condition, has any consequences for how these people solve problems, for example how they perform verbal memory tasks.

People who reported that they either experienced a high degree of inner voice or very little inner voice in everyday life were subjected to one experiment that aimed to determine whether there was a difference in their ability to remember language input and one about their ability to find rhyme words. The first experiment involved the participants remembering words in order -- words that were similar, either phonetically or in spelling, e.g. "bought," "caught," "taut" and "wart."

"It is a task that will be difficult for everyone, but our hypothesis was that it might be even more difficult if you did not have an inner voice because you have to repeat the words to yourself inside your head in order to remember them," Johanne Nedergard explains and continues:




"And this hypothesis turned out to be true: The participants without an inner voice were significantly worse at remembering the words. The same applied to an assignment in which the participants had to determine whether a pair of pictures contained words that rhyme, e.g. pictures of a sock and a clock. Here, too, it is crucial to be able to repeat the words in order to compare their sounds and thus determine whether they rhyme."

In two other experiments, in which Johanne Nedergard and Gary Lupyan tested the role of the inner voice in switching quickly between different tasks and distinguishing between figures that are very similar, they did not find any differences between the two groups. Despite the fact that previous studies indicate that language and the inner voice play a role in these types of experiments.

"Maybe people who don't have an inner voice have just learned to use other strategies. For example, some said that they tapped with their index finger when performing one type of task and with their middle finger when it was another type of task," Johanne Nedergard says.

The results of the two researchers' study have just been published in the article "Not everybody has an inner voice: Behavioural consequences of anendophasia" in the scientific journal Psychological Science.

Does it make a difference?

According to Johanne Nedergard, the differences in verbal memory that they have identified in their experiments will not be noticed in ordinary everyday conversations. And the question is, does not having an inner voice hold any practical or behavioural significance?




"The short answer is that we just don't know because we have only just begun to study it. But there is one field where we suspect that having an inner voice plays a role, and that is therapy; in the widely used cognitive behavioural therapy, for example, you need to identify and change adverse thought patterns, and having an inner voice may be very important in such a process. However, it is still uncertain whether differences in the experience of an inner voice are related to how people respond to different types of therapy," says Johanne Nedergard, who would like to continue her research to find out whether other language areas are affected if you do not have an inner voice.

"The experiments in which we found differences between the groups were about sound and being able to hear the words for themselves. I would like to study whether it is because they just do not experience the sound aspect of language, or whether they do not think at all in a linguistic format like most other people," she concludes.

About the study

Johanne Nedergard's and Gary Lupyan's study comprised almost a hundred participants, half of whom experienced having very little inner voice and the other half very much inner voice.

The participants were subjected to four experiments, e.g. remembering words in sequence and switching between different tasks. The study has been published in the scientific journal Psychological Science.

Johanne Nedergard and Gary Lupyan have dubbed the condition of having no inner voice anendophasia, which means without an inner voice.
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Mixed public opinion on polygenic embryo screening for IVF | ScienceDaily
Three out of four U.S. adults support the use of emerging technologies that estimate a future child's likelihood of developing health conditions influenced by multiple genes -- such as diabetes, heart disease, and depression -- before an embryo is implanted during in vitro fertilization (IVF), according to a new public opinion survey led by researchers at Harvard Medical School.


						
Results of the survey, to be published May 14 in JAMA Network Open, underscore the need for public education and conversation about the positive and negative implications of these ethically fraught technologies, the researchers said.

Although the approach, known as polygenic embryo screening, is not yet available in most IVF clinics, a few companies have begun offering such estimates -- or risk scores -- to gauge disease risk, the researchers noted.

"Polygenic embryo screening is largely unregulated in the United States, and without proper context and focused patient education, risk scores can create false expectations," said first author Remy Furrer, research fellow in bioethics in the Department of Global Health and Social Medicine in the Blavatnik Institute at HMS.

"This survey rings the alarm that geneticists, behavioral scientists, bioethicists, clinicians, and genetic counselors need to work together to figure out ways to communicate the limitations to people, so they understand what polygenic risk scores do and don't provide," he said.

Nearly three-quarters of respondents said they support using such screening to assess the risk of a future child developing a physical or psychiatric condition, such as heart disease, diabetes, or depression -- but that number dropped when people were first presented with various concerns for individuals and society.

Far fewer respondents approved the use of the technology to predict traits unrelated to disease, such as intelligence, height, and skin color.




The results suggest that educating people better about the current shortfalls and implications -- including regulating the promises that companies can make -- will temper optimism and help ensure that as these technologies develop, they will be implemented in scientifically sound, ethical, and equitable ways, the authors said.

How accurate are polygenic risk scores?

Up until now, patients undergoing IVF could choose which embryos to implant based on DNA tests that detect chromosomal abnormalities, such as Down syndrome, and diseases caused by mutations in a single gene, such as cystic fibrosis. Such screening, known as preimplantation genetic testing, is well-established and widely used.

By contrast, polygenic embryo screening estimates probabilities for conditions and traits influenced by many gene variants that each raise or lower risk by a small amount.

Experts disagree on how useful this technology might become in the future, but at present there are clear limitations to accuracy, Furrer said. Polygenic conditions arise from different combinations of genes, environment, and behaviors in ways that aren't yet fully understood. The American College of Medical Genetics and Genomics has said that polygenic embryo screening is not yet suitable for clinical use.

This gap between the state of the science and the growing availability of such tests compelled Furrer and colleagues to conduct the survey. They hope the results inspire professionals to advocate for more informed dialogue and guidance around these technologies.




"The complexities and limitations of polygenic risk scores are challenging to convey." Furrer said. "But we need to do so to ensure that people understand the high level of uncertainty that comes with estimating these risks."

By the numbers

The survey drew from the team's interviews with IVF patients and reproductive health specialists. Questions included lists of conditions, traits, and potential repercussions that participants were asked to weigh in on. The survey also made clear that polygenic risk scores could be used simply for information, to prepare for a future child, or to select an embryo for implantation.

The first part of the study surveyed more than 1,400 participants representing the wider U.S. population in age, gender, and race/ethnicity. It was conducted between March and July 2023.

Findings showed that:
    	72 percent of respondents approved of using polygenic embryo screening in general.
    	17 percent were ambivalent and 11 percent disapproved.
    	77 percent approved of selecting embryos based on risk of certain physical health conditions.
    	72 percent approved of selecting embryos based on risk of certain psychiatric health conditions.
    	36 percent approved of selecting embryos based on likelihood of certain behavioral traits.
    	30 percent approved of selecting embryos based on likelihood of certain physical traits.
    	92 percent expressed at least slight concern about polygenic embryo screening leading to false expectations about the future child.

    	About half were "very" or "extremely" concerned about negative outcomes for individuals or society.
    	82 percent said they would be at least slightly interested in using polygenic embryo screening if they were already undergoing IVF.
    	30 percent said they would consider undergoing IVF to gain access to polygenic embryo screening.

Approval was higher for using risk scores to prepare for a child than to select an embryo.

Positives and negatives

The second part of the study, conducted from March 2023 to February 2024 with about 200 respondents, placed the list of potential concerns at either the beginning or the end of the survey.

The concerns were:
    	Parents having false expectations about the future child.
    	Promoting eugenic thinking or practices -- unethical efforts to select on a wide scale for traits considered desirable.
    	Stigmatizing certain traits and conditions viewed as less desirable.
    	Treating embryos like a product by selecting them based on preferred genetic chances for conditions or traits.
    	Risk scores not being equally relevant for all ethnicities because of the Euro-centric nature of many genetic databases.
    	Unequal access to the technology due to high cost.
    	Low accuracy of genetic estimates for conditions or traits.
    	Reduced diversity of human population.
    	Possibility of nurtured genetics -- parents consciously or unconsciously shaping their children's environments based on the genetic estimates.
    	Confusion over how to interpret and use test results.
    	Guilt over decisions if the child develops a particular condition or trait.
    	Discarding of embryos.
    	Feeling pressured to use the technology.

In the second survey, respondents given the list at the start reported lower overall approval (28 percentage points less) and more uncertainty (24 percentage points higher) about polygenic embryo screening than those who saw the list at the end -- a finding that speaks to the importance of education and framing the public conversation.

How to find the right balance

Some of the survey results are nuanced, the authors note, and should not be taken as unqualified public support or rejection of polygenic embryo screening.

"These findings offer an initial glimpse into public opinion, predicated on a limited presentation of the technology," said Furrer. "Future research must explore how opinions evolve."

For instance, the team recommends further research into what it means that a majority of respondents approved of polygenic screening for selecting embryos but also expressed strong concerns about sliding into eugenics.

It will also be important to examine the role that personal and group values, such as reproductive freedom and autonomy, play in shaping public attitudes, the authors said.

The authors conclude that the work underscores the need to inform not only the public and IVF patients but also clinicians and genetic counselors, who need to be prepared to answer the rising tide of questions about the potential benefits, present limitations, and concerns surrounding polygenic embryo screening.

Authorship, funding, disclosures

Additional authors are Dorit Barlevy, Stacey Pereira, Shai Carmi, Todd Lencz, and principal investigator Gabriel Lazaro-Munoz, assistant professor of psychiatry in the Center for Bioethics and Department of Global Health and Social Medicine at HMS.

This work was supported in part by the National Human Genome Research Institute at the National Institutes of Health (grant R01-HG011711). The funder had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, and approval of the manuscript; and decision to submit the manuscript for publication.
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When consumers would prefer a chatbot over a person | ScienceDaily
Actually, sometimes consumers don't want to talk to a real person when they're shopping online, a new study suggests.


						
In fact, what they really want is a chatbot that makes it clear that it is not human at all.

In a new study, researchers at The Ohio State University found that people preferred interacting with chatbots when they felt embarrassed about what they were buying online -- items like antidiarrheal medicine or, for some people, skin care products.

"In general, research shows people would rather interact with a human customer service agent than a chatbot," said Jianna Jin, who led the study as a doctoral student at Ohio State's Fisher College of Business.

"But we found that when people are worried about others judging them, that tendency reverses and they would rather interact with a chatbot because they feel less embarrassed dealing with a chatbot than a human."

The study was published recently in the Journal of Consumer Psychology with study co-authors Jesse Walker, assistant professor, and Rebecca Walker Reczek, professor, both in marketing at Ohio State's Fisher College.

"Chatbots are becoming more and more common as customer service agents, and companies are not required in most states to disclose if they use them," Reczek said. "But it may be important for companies to let consumers know if they're dealing with a chatbot."

The new research explored what happened when consumers had what psychologists call self-presentation concerns -- this is when people worry about how their behavior and actions may affect how others perceive them. Buying some products may trigger these concerns.




In one of the five studies that was part of the Journal of Consumer Psychology paper, the researchers asked 386 undergraduate students to imagine buying either antidiarrheal or hay fever medication. They were given the choice between two online drug stores, one of which used chatbots and another that used customer service agents.

When participants were told they were buying hay fever medication, which doesn't cause most people to feel embarrassed, 91% said they would use the store that had human service agents. But when they were buying antidiarrheal medicine, 81% chose the store with the chatbots.

But that's just the beginning of the story. The researchers found in other studies that it was important how human the chatbots appeared and acted onscreen.

In another study, participants were asked to imagine buying an antidiarrheal medicine from an online drugstore. They were then shown one of three live chat icons: One was a chatbot with an icon that was just a speech bubble, with no human characteristics; a second was a chatbot with a cartoon of a human; and the third featured a profile picture of a real clearly human woman.

Both chatbots clearly identified themselves to participants as chatbots -- but the one with the cartoon of a real human used more emotional language during the exchange, such as "I am so excited to see you!"

Results showed that participants were more willing to receive information about the embarrassing product from the two chatbots than from the human. But the effect was not as strong for the chatbot with the human cartoon avatar that used more emotional language than the other chatbot.




The fact that this chatbot had a cartoon human avatar and used emotional language may have left those in the study feeling uneasy and less willing to interact -- even though they were told it was a chatbot, Walker said.

"It was as if the participants were proactively protecting themselves against embarrassment by assuming the chatbot could be human," Walker said.

In another study, Jin actually designed a chatbot and had participants engage in a real back-and-forth interaction. Participants in this study were chosen because they all strongly agreed that they wanted to make a good impression on others with their skin.

In other words, they had self-presentation concerns related to their skin and may have been interested in buying skincare products because they were embarrassed about their skin. Because of this, the researchers believed that they would respond more positively to clearly identified chatbots.

Participants in the study were told they were interacting with an agent for a skincare brand and whether they were talking to a chatbot or a customer service representative. Participants answered a series of questions, including one in which they were asked if they would like to provide their email address to get a free sample of the brand.

As the researchers hypothesized, participants were more likely to provide their email address if they thought they were interacting with a chatbot (62%) than a human (38%).

In this study, as well as others, the researchers asked questions designed to get at why participants prefer chatbots when they had self-presentation concerns.

Walker said the results of the study suggest chatbots decrease embarrassment because consumers perceive chatbots as less able to feel emotions and make appraisals about people.

"Consumers feel less embarrassed because chatbots don't have the level of consciousness and ability to judge them," he said.

Jin, who is now an assistant professor at the University of Notre Dame, said the results suggest companies need to pay attention to the role of chatbots in their business.

"Managers may not realize the importance of using chatbots when consumers have self-presentation concerns," she said.

And as conversational AI continues to get better, it may become more difficult for consumers to tell the difference between chatbots and human service agents, Reczek said. That could be a problem for companies whose customers may prefer to interact with chatbots because of their self-presentation concerns and fears of embarrassment.

"It is going to be even more important for firms to clearly disclose that they use chatbots if they want consumers to realize they are interacting with a bot," Reczek said.
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Study traces an infectious language epidemic | ScienceDaily
"Sticks and stones may break my bones," the old adage goes. "But words will never hurt me."


						
Tell that to Eugenia Rho, assistant professor in the Department of Computer Science, and she will show you extensive data that prove otherwise.

Her Society + AI & Language Lab has shown that
    	Police language is an accurate predictor of violent interactions with Black motorists.
    	Broadcast media bias and social media echo chambers have put American democracy at risk.

Now, Rho's research team in the College of Engineering has turned to another question: what effects did social media rhetoric have on COVID-19 infection and death rates across the United States, and what can policymakers and public health officials learn from that?

"A lot of studies just describe what's happening online. Often they do not show a direct link with offline behaviors," Rho said. "But there is a tangible way to connect online behavior with offline decision making."

Cause and effect

During the COVID-19 pandemic, social media became a mass gathering place for opposition to public health guidance, such as mask wearing, social distancing, and vaccines. Escalating misinformation encouraged widespread disregard for preventive measures and led to soaring infection rates, overwhelmed hospitals, health care worker shortages, preventable deaths, and economic losses.




During a one-month period between November and December 2021, more than 692,000 preventable hospitalizations were reported among unvaccinated patients, according to a 2022 study published in the Yale Journal of Biology and Medicine. Those hospitalizations alone cost a staggering $13.8 billion.

In the study, Rho's team, including Ph.D. student Xiaohan Ding, developed a technique that trained the chatbot GPT-4 to analyze posts in several banned subreddit discussion groups that opposed COVID-19 prevention measures. The team focused on Reddit because its data was available, Rho said. Many other social media platforms have barred outside researchers from using their data.

Rho's work is grounded in a social science framework called Fuzzy Trace Theory that was pioneered by Valerie Reyna, a Cornell University professor of psychology and a collaborator on this Virginia Tech project. Reyna has shown that individuals learn and recall information better when it is expressed in a cause and effect relationship, and not just as rote information. This holds true even if the information is inaccurate or the implied connection is weak. Reyna calls this cause-and-effect construction a "gist."

The researchers worked to answer four fundamental questions related to gists on social media:
    	How can we efficiently predict gists across social media discourse at a national scale?
    	What kind of gists characterize how and why people oppose COVID-19 public health practices, and how do these gists evolve over time across key events?
    	Do gist patterns significantly predict patterns in online engagement across users in banned subreddits that oppose COVID-19 health practices?
    	Do gist patterns significantly predict trends in national health outcomes?

The missing link

Rho's team used prompting techniques in large language models (LLMs) -- a type of artificial intelligence (AI) program -- along with advanced statistics to search for and then track these gists across banned subreddit groups. The model then compared them to COVID-19 milestones, such as infection rates, hospitalizations, deaths, and related public policy announcements.




The results show that, indeed, social media posts that linked a cause, such as "I got the COVID vaccine," with an effect, such as "I've felt like death ever since," quickly showed up in people's beliefs and affected their offline health decisions. In fact, the total and new daily COVID-19 cases in the U.S. could be significantly predicted by the volume of gists on banned subreddit groups.

This is the first AI research to empirically link social media linguistic patterns to real-world public health trends, highlighting the potential of these large language models to identify critical online discussion patterns and point to more effective public health communication strategies.

"This study solves a daunting problem: how to connect the cognitive building blocks of meaning that people actually use to the flow of information across social media and into the world of health outcomes," Reyna said. "This prompt-based LLM framework that identifies gists at scale has many potential applications that can promote better health and wellbeing."

Big data, big impact

Rho said she hopes this study will encourage other researchers to bring these methods to bear on important questions. To that end, the code used in this project will be made freely available when the paper publishes in the Proceedings of the Association of Computing Machinery Conference on Human Factors in Computing Systems. The paper also compares the cost of various ways researchers can analyze big datasets and extract meaningful conclusions at lower cost. The team will present its findings May 11-16 in Honolulu, Hawaii.

Outside of academia, Rho said she hopes this work will encourage social media platforms and other stakeholders to find alternatives to deleting or banning groups that discuss controversial topics.

"Simply banning people in online communities altogether, especially in spaces where they are already exchanging and learning health information, can risk driving them deeper into conspiracy theories and force them onto platforms that don't moderate content at all," Rho said. "I hope this study can inform how social media companies work hand-in-hand with public health officials and organizations to better engage and understand what's going on in the public's mind during public health crises."
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The price tag of phasing-out coal | ScienceDaily
Coal phase-out is necessary to solve climate change, but can have negative impacts on workers and local communities dependent on coal for their livelihoods. Researchers at Chalmers University of Technology in Sweden and Central European University in Austria have studied government plans for coal phase-out around the world and discovered that more than half of such plans include monetary compensation to affected parties. This planned compensation globally amounts to USD 200 billion, but it excludes China and India, the two largest users of coal that currently do not have phase-out plans. The study shows that if China and India decide to phase out coal as fast as needed to reach the Paris climate targets and pay similar compensation, it would cost upwards of USD 2 trillion.


						
To slow global warming, coal use needs to end. Many governments, mostly in Europe, have begun to phase-out coal, but these policies can harm companies, risk unemployment, and lead to economic hardship for coal-dependent regions. In response, some countries have adopted what are known as 'just transition' strategies, where governments support negatively impacted companies, workers, and regions. Germany for example, has pledged over EUR 40 billion to support those affected by coal phase-out.

"Previously, coal phase out has often been blocked by the interests opposing it. Many countries have put money on the table through 'just transition' strategies which has made coal phase-out politically feasible," says Jessica Jewell, Associate Professor at Chalmers University of Technology, and one of the authors of the study.

The researchers have studied all countries with coal phase-out plans around the world and found that those with the most coal power production and with plans for rapid phase-out, have compensation policies in place.

In total, these 23 countries with 16 percent of the world's coal power plants have pledged about USD 209 billion in compensation. This may sound like a lot of money, but the researchers point out that it equates to roughly 6 gigatons of avoided CO2 emissions and the cost of compensation for coal phase-out per tonne of avoided CO2 emissions (USD 29-46 per tonne) is actually well below recent carbon prices in Europe (~USD 64-80 per tonne).

"So far these 'just transition' policies are consistent with, or lower than, the carbon prices within the EU, which means they make sense in terms of climate change. But more funding is likely needed if we want to reach the Paris climate target," says Jewell.

This is because achieving the goals of the Paris climate agreement will not be possible without participation of the world's major coal consumers, China and India, which have more than half of the world's coal plants, but no phase-out plans currently in place. The study finds that, for China and India to adopt compensation policies similar to those already in place, the estimated compensation amount for both countries would be USD 2.4 trillion for the 2degC target and USD 3.2 trillion for the 1.5degC target.




"The estimated compensation for China and India is not only larger in absolute terms, but would also be more expensive compared to their economic capacities," says Lola Nacke, a doctoral student at Chalmers University of Technology, and one of the authors of the study.

A big question thus is where such large sums of money would come from. Today about half of all compensation is funded from international sources such as Just Energy Transition Partnerships* supporting coal phase-out in Vietnam, Indonesia and South Africa. International finance might also be needed to support future coal phase-out compensation in major coal consuming countries. However, the researchers point out that the estimated amounts of compensation for China and India alone are comparable to the entire international climate finance pledged in Paris, and larger than current international development aid to these countries.

"Discussions about the cost of climate change mitigation often focus on investments in renewable energy technologies -- but we also see it's essential to address social implications of fossil fuel decline to enable rapid transitions," says Lola Nacke.

Fact Box

*Just Energy Transition Partnerships -- Just Energy Transition Partnerships (JETPs) are new multi-lateral structures for accelerating the phase-out of fossil fuels. These intergovernmental partnerships coordinate financial resources and technical assistance from countries in the Global North to a recipient country to help it in this regard. JETPs related to coal phase-out are currently in place for Vietnam, Indonesia and South Africa.

EU Just Transition Fund -- The fund is the first pillar of the Just Transition Mechanism. The Commission provides support to Member States having identified the territories expected to be the most negatively impacted by the transition towards climate-neutrality. The Just Transition Fund supports the economic diversification and reconversion of the territories concerned.

Paris Climate Agreement -- To tackle climate change and its negative impacts, world leaders at the UN Climate Change Conference (COP21) in Paris reached a breakthrough on 12 December 2015: the Paris Agreement. The Agreement sets long-term goals to guide all nations to:
    	substantially reduce global greenhouse gas emissions to hold global temperature increase to well below 2degC above pre-industrial levels and pursue efforts to limit it to 1.5degC above pre-industrial levels, recognising that this would significantly reduce the risks and impacts of climate change.
    	provide financing to developing countries to mitigate climate change, strengthen resilience and enhance abilities to adapt to climate impacts.
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Team studies factors related to a sense of economic insecurity in older adults | ScienceDaily
The people of Japan have the highest life expectancy in the world. Yet older adults who struggle economically may refrain from seeking medical help or using long-term care insurance. These choices may increase the occurrence of frailty and its progression in people's lives. A team of scientists undertook a study of older adults to examine the connection between a sense of economic insecurity and a person's participation in social activities.


						
The results showed that a person's sense of economic insecurity was not associated with physical conditions, subjective symptoms of dementia, or social conditions. However, it grew with increased loneliness and decreased with a greater sense of well-being.

The team published their research in the journal PLOS ONE on March 28.

Statistics show that older adults account for 37.7 percent of Japan's suicide mortality rate. In 2022, the most common causes of suicide were "health problems," followed by "family problems" and "economic and lifestyle problems." The risk factors associated with frailty -- a state of increased vulnerability to health changes due to an age-related decline in bodily functions -- include low income. The Ministry of Health, Labour and Welfare encourages older adults to participate in social activities to prevent them from becoming frail.

"For low-cost social activities to function as a place for preventing frailty and suicide, it is necessary to investigate the actual state of the participants' economic insecurity and discuss how to provide support for effective social activities," said co-authors Yuriko Inoue and Hisae Nakatani, both from Hiroshima University's (HU) Graduate School of Biomedical and Health Sciences, in a joint response. Inoue is a Ph.D. student at the graduate school's Division of Integrated Health Sciences while Nakatani is a professor emeritus at the university.

The team conducted a cross-sectional survey to identify factors related to a sense of economic insecurity among older adults who participate in social activities. The people who participated in the survey were 65 years or older in age. They were people who voluntarily participated in low-cost community-based social activities, such as exercise and hobby activities. The self-administered survey form was distributed to 1,351 adults in Hiroshima City, Japan, during July to December 2022. The surveys were distributed to these adults by the staff of community general support centers.

To determine a person's sense of economic insecurity, the survey asked "Do you have economic anxieties?" Participants responded on a four-point scale where answers ranged from "not worried" to "worried."

There were also questions related to a person's physical condition and whether or not they had subjective symptoms of dementia. The survey also asked questions related to a person's social conditions. These questions focused on the frequency of outings, social activities, working status, and whether or not the person was socially isolated. The last category of survey questions focused on psychological conditions. These questions were designed to assess a person's loneliness and subjective well-being.




The team's survey results showed that 43.6 percent of older adults who participate in social activities had economic insecurity.

Their sense of economic insecurity was not associated with physical conditions, subjective symptoms of dementia, or social conditions, such as frequency of outings or social isolation. However, the team did note that the sense of economic insecurity was lower among older adults aged 85 and older, and higher among those who felt psychologically lonely and had a lower subjective sense of well-being.

"Given that nearly half of the older adults participating in social activities felt economic insecurity, receiving support to alleviate this issue through social activities could contribute to improving their mental health," said Inoue.

This study measured the subjective economic insecurity of older adults. However, the association between actual income and expenses could not be surveyed.

"Given the cross-sectional nature of the study design, further investigation through longitudinal and intervention studies involving factors based on objective indicators is needed to validate this association," said Inoue.

Looking ahead, the team suggests that background factors related to loneliness and subjective well-being should be analyzed, including the number of interactions and the level of intimacy involved in social support.




The team's results may lead health care providers who promote community-based social participation to consider support tailored to older adults' age and psychological and economic insecurities. Because nearly half of the older adults taking part in social activities felt economic insecurity, receiving support to ease this issue through social activities could contribute to improving their quality of life, including their mental health.

The research team includes Inoue, Nakatani, and Xuxin Peng from HU's Graduate School of Biomedical and Health Sciences and Ichie Ono from the Yasuda Women's University's Department of Nursing.

The research is funded by France Bed Medical Home Care Research Subsidy Public Incorporated Foundation and Hiroshima University Research Fellowship.
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US Navy Growler jet noise over Whidbey Island could impact 74,000 people's health | ScienceDaily
Bob Wilbur thought he'd found a retirement home that would be a place of peace. Nestled against Admiralty Bay on the western edge of Whidbey Island, the three-story house is surrounded by trees and shoreline. It offers the kind of quiet that only an island can provide. Except when the Growlers fly.


						
As often as four days a week, Boeing EA-18G Growler electronic attack aircraft based at the nearby Naval Air Station Whidbey Island fly loops overhead as pilots practice touch-and-go landings. The noise is immense, around the level of a loud rock concert. "It interrupts your day," Wilbur said. "You're unable to have a pleasant evening at home. You can't communicate. You constantly try to organize your day around being gone when the jets are flying."

New research from the University of Washington shows that the noise isn't just disruptive -- it presents a substantial risk to public health. Published May 9 in the Journal of Exposure Science and Environmental Epidemiology, an analysis of the Navy's own acoustic monitoring data found that more than 74,000 people are exposed to noise levels associated with adverse health effects.

"Military aircraft noise is substantially more intense and disturbing than commercial jet noise," said lead author Giordano Jacuzzi, a graduate student in the UW College of the Environment. "Noise exposure has many downstream effects beyond just annoyance and stress -- high levels of sleep disturbance, hearing impairment, increased risk of cardiovascular disease -- these have real impacts on human health and quality of life. We also found that several schools in the area are exposed to levels that have been shown to put children at risk of delayed learning."

Guided by conversations with community members and local advocacy groups, researchers analyzed four weeks of acoustic and flight operations data collected by the Navy in 2020 and 2021, in addition to prior-year data collected by a private acoustics company and the National Park Service. Researchers then mapped noise exposure across the region to estimate how much noise specific communities were exposed to in an average year.

Researchers estimated that two-thirds of Island County residents, including everyone in the cities of Oak Harbor and Coupeville, were exposed to potentially harmful levels of noise, as was 85% of the population of the Swinomish Indian Reservation.

In total, an estimated 74,316 people were exposed to average noise levels that posed a risk of annoyance, 41,089 of whom were exposed to nighttime noise levels associated with adverse effects on sleep. Another 8,059 people -- most of whom lived within fairly close proximity to aircraft landing strips -- were exposed to noise levels that can pose a risk of hearing impairment over time.




"Our bodies produce a lot of stress hormone response to noise in general, it doesn't matter what kind of noise it is. But particularly if it's this repeated acute noise, you might expect that stress hormone response to be exacerbated," said co-author Edmund Seto, a UW professor of environmental and occupational health sciences. "What was really interesting was that we're reaching noise exposure levels that are actually harmful for hearing. Usually I only think of hearing in the context of working in factories or other really, really loud occupational settings. But here, we're reaching those levels for the community."

Taken as a whole, the potential harms can be quite serious, Seto said. "Imagine people trying to sleep, or children in school trying to understand their teachers and you've got these jets flying."

Every monitoring station on Whidbey Island measured noise events in excess of 100 decibels when jets were flying. In some instances, noise levels were "off the charts" -- exceeding the limits of models used to predict the health effects of noise exposure around the world.

"We found it striking that Growler noise exceeds the scientific community's current understanding of the potential health outcomes," said co-author Julian Olden, a UW professor of aquatic and fishery sciences. "For this reason, our estimates of health impacts are conservative."

The noise has been the subject of community disputes and legal controversy since 2013, when the U.S. Navy moved more Growler jets onto Whidbey Island and increased the number of flights to more than 110,000 per year. Bob Wilbur is a member and the current chair of Citizens of Ebey's Reserve, a community group that has sued the Navy over the jet noise and increased flight operations. The group also helped facilitate the UW study, and Wilbur is a co-author.

Like other military aircraft, the Growlers' noise differs significantly from commercial jets -- louder and deeper, the kind of sound that people feel before they hear.




"It's the intensity, the intermittent nature of the noise, and the low-frequency energy specifically," Jacuzzi said. "Those three things are very different than what you experience from normal commercial flights, which are predictable and high in altitude. When Growlers fly over a home, they emit a rumbling noise that penetrates windows and shakes walls."

While commercial jet noise has been the subject of extensive study, research into military aircraft noise is relatively rare. Previous UW-led research found that military flights were the largest cause of noise pollution on the Olympic Peninsula. While discussing that study, Whidbey residents complained that the noise disturbed their sleep and interfered with students' schoolwork, which prompted this new line of inquiry. While conducting this study, researchers worked closely with community members and advocacy groups and held multiple webinars to share results and shape future work.

"Our research was motivated by the growing chorus of complaints by Washingtonians across multiple counties," Olden said. "We believe the science speaks for itself. It's no longer a question of whether noise impacts people, but how, where and how much these effects are experienced."

Other authors are Lauren Kuehne of Omfishient Consulting, and Anne Harvey and Christine Hurley of Sound Defense Alliance. This research was funded by the UW Population Health Initiative.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240510133022.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



AI systems are already skilled at deceiving and manipulating humans | ScienceDaily
Many artificial intelligence (AI) systems have already learned how to deceive humans, even systems that have been trained to be helpful and honest. In a review article publishing in the journal Patterns on May 10, researchers describe the risks of deception by AI systems and call for governments to develop strong regulations to address this issue as soon as possible.


						
"AI developers do not have a confident understanding of what causes undesirable AI behaviors like deception," says first author Peter S. Park, an AI existential safety postdoctoral fellow at MIT. "But generally speaking, we think AI deception arises because a deception-based strategy turned out to be the best way to perform well at the given AI's training task. Deception helps them achieve their goals."

Park and colleagues analyzed literature focusing on ways in which AI systems spread false information -- through learned deception, in which they systematically learn to manipulate others.

The most striking example of AI deception the researchers uncovered in their analysis was Meta's CICERO, an AI system designed to play the game Diplomacy, which is a world-conquest game that involves building alliances. Even though Meta claims it trained CICERO to be "largely honest and helpful" and to "never intentionally backstab" its human allies while playing the game, the data the company published along with its Science paper revealed that CICERO didn't play fair.

"We found that Meta's AI had learned to be a master of deception," says Park. "While Meta succeeded in training its AI to win in the game of Diplomacy -- CICERO placed in the top 10% of human players who had played more than one game -- Meta failed to train its AI to win honestly."

Other AI systems demonstrated the ability to bluff in a game of Texas hold 'em poker against professional human players, to fake attacks during the strategy game Starcraft II in order to defeat opponents, and to misrepresent their preferences in order to gain the upper hand in economic negotiations.

While it may seem harmless if AI systems cheat at games, it can lead to "breakthroughs in deceptive AI capabilities" that can spiral into more advanced forms of AI deception in the future, Park added.




Some AI systems have even learned to cheat tests designed to evaluate their safety, the researchers found. In one study, AI organisms in a digital simulator "played dead" in order to trick a test built to eliminate AI systems that rapidly replicate.

"By systematically cheating the safety tests imposed on it by human developers and regulators, a deceptive AI can lead us humans into a false sense of security," says Park.

The major near-term risks of deceptive AI include making it easier for hostile actors to commit fraud and tamper with elections, warns Park. Eventually, if these systems can refine this unsettling skill set, humans could lose control of them, he says.

"We as a society need as much time as we can get to prepare for the more advanced deception of future AI products and open-source models," says Park. "As the deceptive capabilities of AI systems become more advanced, the dangers they pose to society will become increasingly serious."

While Park and his colleagues do not think society has the right measure in place yet to address AI deception, they are encouraged that policymakers have begun taking the issue seriously through measures such as the EU AI Act and President Biden's AI Executive Order. But it remains to be seen, Park says, whether policies designed to mitigate AI deception can be strictly enforced given that AI developers do not yet have the techniques to keep these systems in check.

"If banning AI deception is politically infeasible at the current moment, we recommend that deceptive AI systems be classified as high risk," says Park.

This work was supported by the MIT Department of Physics and the Beneficial AI Foundation.
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AI intervention mitigates tension among conflicting ethnic groups | ScienceDaily
Prejudice and fear have always been at the core of intergroup hostilities.


						
While intergroup interaction is a prerequisite for initiating peace and stability at the junction of clashing interests, values, and cultures, the risk of further escalation precisely from direct interactions cannot be ruled out. In particular, a shortage of impartial, nonpartisan personnel to properly manage an electronic contact -- or E-contact -- session may cause the process to backfire and become destabilized.

Now, a research team including Kyoto University has shown that interactive AI programs may help reduce prejudice and anxiety among historically divided ethnic groups in Afghanistan during online interactions.

"Compared to the control group, participants in the AI intervention group showed more engagement in our study and significantly less prejudice and anxiety toward other ethnic groups," says Sofia Sahab of KyotoU's Graduate School of Informatics.

In collaboration with Nagoya University, Nagoya Institute of Technology, and Hokkaido University, Sahab's team has tested the effectiveness of using a CAI -- or conversational AI -- on the discussion platform D-Agree to facilitate unbiased and constructive conversations. The program ensures participants a safe, private space to talk freely, a setting that is commonly taken for granted in war-free countries.

"Our over-decade-long work on AI agent-based consensus-building support has empirically demonstrated AI agents' applicability in de-escalating confrontational situations," remarks co-author Takayuki Ito, also of the informatics school.

Sahab's team applied a randomized controlled experiment to determine the causal effects of conversational AI facilitation in online discussions in reducing prejudice and anxiety.




Participants from three ethnic backgrounds were divided into two groups -- an AI group and a non-AI control group -- to gauge the effects. As expected, the former expressed more empathy toward outside groups than participants in the control group.

"The neutral AI agents aim to reduce risks by coordinating guided conversations as naturally as possible. By providing fair and cost-effective strategies to encourage positive interactions, we can promote lasting harmony among diverse ethnic groups," adds Sahab.

In the long term, the researchers are considering the potential for AI intervention beyond border conflicts to promote positive social change.

"AI may have come at a pivotal time to aid humanity in enhancing social sustainability with CAI-mediated human interactions," reflects Sahab.
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AI knowledge gets your foot in the door | ScienceDaily
Employers are significantly more likely to offer job interviews and higher salaries to graduates with experience of artificial intelligence, according to new research published in the journal Oxford Economic Papers.


						
Researchers from Anglia Ruskin University (ARU) conducted an experiment by submitting CVs for job vacancies from British 21-year-old applicants who held a 2:1 degree. Some of the applicants possessed AI capital -- they had studied an 'AI in business' module -- and this was mentioned in their cover letter for the application.

A matched pair of male applicants, one with AI capital and the other without, submitted applications, resulting in a total of 1,360 applications from male applicants to 680 UK companies. A total of 1,316 similarly matched applications from female applicants were sent to 658 firms.

Male applicants with AI capital received an interview invitation in 54% of cases, whereas male applicants without AI capital were invited to interview in 28% of cases.

Female applicants with AI capital received an interview invitation in 50% of cases, whereas female applicants without AI capital received one in 32% of cases.

In large firms, applicants with AI capital were 36 percentage points more likely to be invited to an interview than in small-medium sized firms.

Male applicants with AI qualifications were shortlisted for jobs offering wages that were, on average, 12% higher than those for male applicants without AI capital, while female applicants with AI qualifications were offered interviews for jobs offering wages that were, on average, 13% higher than without AI capital.




Lead author Professor Nick Drydakis, Professor of Economics at Anglia Ruskin University (ARU), said: "In the UK, AI is causing dramatic shifts in the workforce, and firms need to respond to these demands by upgrading their workforces through enhancing their AI skill levels.

"Our study clearly indicates that employers value AI knowledge and skills among job applicants. Those applicants with AI capital were significantly more likely to be invited to interview and were also more likely to have access to better paid jobs.

"Job applicants with AI capital might possess the knowledge, skills and capabilities related to data analysis, data-driven decision-making, creativity, innovation, and effective communication, among other factors. These skills can enhance business operations, making them more efficient and potentially contributing to increased productivity within a firm.

"Larger firms particularly valued AI capital, possibly because they tend to undergo more AI-based structural technological transformations and have greater capacity for innovation."
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Discrimination may accelerate aging | ScienceDaily
Discrimination may speed up the biological processes of aging, according to a new study led by researchers at the NYU School of Global Public Health.


						
The research links interpersonal discrimination to changes at the molecular level, revealing a potential root cause of disparities in aging-related illness and death.

"Experiencing discrimination appears to hasten the process of aging, which may be contributing to disease and early mortality and fueling health disparities," said Adolfo Cuevas, assistant professor in the Department of Social and Behavioral Sciences at NYU's School of Global Public Health and senior author of the study published in the journal Brain, Behavior, and Immunity-Health.

Research shows that people who experience discrimination based on their identity (e.g. race, gender, weight, or disability) are at increased risk for a range of health issues, including heart disease, high blood pressure, and depression. While the precise biological factors driving these poor health outcomes are not fully understood, chronic activation of the body's stress response is a likely contributor. Moreover, a growing body of research connects persistent exposure to discrimination to the biological processes of aging.

To better understand the connection between discrimination and aging, Cuevas and his colleagues looked at three measures of DNA methylation, a marker that can be used to assess the biological impacts of stress and the aging process. Blood samples and surveys were collected from nearly 2,000 U.S. adults as part of the Midlife in the United States (MIDUS) study, a longitudinal analysis of health and well-being funded by the National Institute on Aging.

Participants were asked about their experiences with three forms of discrimination: everyday, major, and workplace. Everyday discrimination refers to subtle and minor instances of disrespect in daily life, whereas major discrimination focuses on acute and intense instances of discrimination (for example, being physically threatened by police officers). Discrimination in the workplace includes unjust practices, stunted professional opportunities, and punishment based on identity.

The researchers found that discrimination was linked to accelerated biological aging, with people who reported more discrimination aging faster biologically compared to those who experienced less discrimination. Everyday and major discrimination were consistently associated with biological aging, while exposure to discrimination in the workplace was also linked to accelerated aging, but its impact was comparatively less severe.




A deeper analysis showed that two health factors -- smoking and body mass index -- explained roughly half of the association between discrimination and aging, suggesting that other stress responses to discrimination, such as increased cortisol and poor sleep, are contributing to accelerated aging.

"While health behaviors partly explain these disparities, it's likely that a range of processes are at play connecting psychosocial stressors to biological aging," said Cuevas, who is also a core faculty at the Center for Anti-racism, Social Justice, & Public Health at NYU School of Global Public Health.

In addition, the link between discrimination and accelerated biological aging varied by race. Black study participants reported more discrimination and tended to exhibit older biological age and faster biological aging. However, White participants, who reported less discrimination, were more susceptible to the impacts of discrimination when they did experience it, perhaps due to less frequent exposure and fewer coping strategies. (Data on other racial and ethnic groups were not available in the MIDUS study.)

"These findings underscore the importance of addressing all forms of discrimination to support healthy aging and promote health equity," added Cuevas.

In addition to Cuevas, study authors include Steven W. Cole of the University of California, Los Angeles; Daniel W. Belsky of Columbia University; and Anna-Michelle McSorley, Jasmine M. Shon, and Virginia W. Chang of the NYU School of Global Public Health.

The MIDUS study is supported by the John D. and Catherine T. MacArthur Foundation Research Network and the National Institute on Aging (P01-AG020166 and U19-AG051426). The study itself was supported by the National Institute of Diabetes and Digestive and Kidney Diseases (R01DK137246 and R01DK137805).
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Transformation of ocean management is underway | ScienceDaily
Marine ecosystem-based management (EBM) is a growing practice of ocean stewardship and conservation that offers benefits to the production of healthy, local food and the preservation of clean water, as well as recreation, habitation and storm protection in the Gulf of Maine and beyond.


						
Despite its benefits and recognition as a keystone practice of ocean stewardship and conservation, adoption of EBM has been slow to take hold. The first mention of EBM was included in U.S. fisheries management guidance documents more than 20 years ago.

Resource managers and policymakers need a proof of concept that this approach can occur incrementally with existing resources and tools. Previous management efforts have been implemented sector by sector focused on fisheries or navigation, but a transformation in ocean management to enable more ecosystem-based approaches is underway.

To support this change in ocean management, a group of researchers and practitioners, including University of Maine marine sciences professor Heather Leslie, have investigated the global progress of marine EBM initiatives.

By integrating connections among different elements of the ecosystem, including people, this approach enables managers to explicitly address trade-offs among different human activities. Acknowledgment of these trade-offs, whether in the context of fisheries management or the protection of endangered species like right whales, is critical to sustaining ecosystem services provided by coastal and ocean ecosystems in the Gulf of Maine and beyond.

Led by Janne Haugen, a postdoctoral research associate affiliated with NOAA Fisheries, the research team conducted a poll of 157 EBM experts worldwide to evaluate progress on global implementation and to identify and address impediments to usage. In fall 2022, the research team convened more than 40 global experts to discuss areas of progress and challenges to this management effort.

During the workshop, experts identified remaining impediments to implementation of EBM: governance; stakeholder engagement; support; uncertainty about and understanding of the approach; technology and data; and communication and marketing. The group also identified that achievable solutions exist for most of these challenges, including political will, persistence, capacity building, changing incentives and strategic marketing of the practice.




"Even in the face of the challenges to coastal communities and ecosystems created by the climate and biodiversity crises, I am hopeful," said Leslie, a faculty member with UMaine's School of Marine Sciences and Darling Marine Center. "We have made tremendous progress in understanding marine ecosystems in recent decades, and that knowledge is helping to support implementation of marine ecosystem-based management throughout the world's oceans."

The team shared their findings in an article published in the academic journal Ocean Sustainability, published by Nature.

Jason Link, senior scientist for ecosystem-based management at NOAA, said ecosystem-based approaches in the Gulf of Maine and globally have come a long way since he wrote one of the first actionable guidance documents on this approach for the agency.

"Fortunately, we're mostly past the days of communities asking 'What is EBM?' again," Link said. "Yet there still remain challenges to its implementation, and hence the benefits we could see from adopting EBM more broadly. However, as the title of the paper implies, there are some well-founded and worked-out solutions to overcome these challenges, and they are being developed at a time when the need is ripe for more EBM."

This study was initiated by the Marine Ecosystem-Based Management Progress Evaluation Group (MEBM-PEG). This group was formed by key EBM practitioners to track impediments to and progress on the practice. They also periodically gleaned key lessons to share with a broader suite of users. Although MEBM-PEG has senior-level personnel from around the world and endorsements from over a dozen major marine, ocean and related organizations, it acts as an independent body solely to ascertain and facilitate progress on the implementation of EBM. The MEBM-PEG sees the value of the practice to solve an array of problems facing marine ecosystems, and remains committed to assisting in its adoption by anyone, anywhere.
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Manganese sprinkled with iridium: a quantum leap in green hydrogen production | ScienceDaily
Researchers report a new method that reduces the amount of iridium needed to produce hydrogen from water by 95%, without altering the rate of hydrogen production. This breakthrough could revolutionize our ability to produce ecologically friendly hydrogen and help usher in a carbon-neutral hydrogen economy.As the world is transitioning from a fossil fuel-based energy economy, many are betting on hydrogen to become the dominant energy currency. But producing "green" hydrogen without using fossil fuels is not yet possible on the scale we need because it requires iridium, a metal that is extremely rare. In a study published May 10 in Science, researchers led by Ryuhei Nakamura at the RIKEN Center for Sustainable Resource Science (CSRS) in Japan report a new method that reduces the amount of iridium needed for the reaction by 95%, without altering the rate of hydrogen production. This breakthrough could revolutionize our ability to produce ecologically friendly hydrogen and help usher in a carbon-neutral hydrogen economy.


						
With 70% of the world covered in water, hydrogen is truly a renewable source of energy. However, extracting hydrogen from water on a scale that can rival fossil fuel-based energy production is not yet possible. Current global energy production is almost 18 terawatts, meaning that at any given moment, about 18 trillion watts of power is being produced on average worldwide. For alternative green methods of energy production to replace fossil fuels, they must be able to reach the same rates of energy production.

The green way to extract hydrogen from water is an electrochemical reaction that requires a catalyst. The best catalysts for this reaction -- the ones that yield the highest rate and the most stable hydrogen production -- are rare metals, with iridium being the best of the best. But the scarcity of iridium is a big problem. "Iridium is so rare that that scaling up global hydrogen production to the terawatt scale is estimated to require 40 years' worth of iridium," says co-first author Shuang Kong.

The Biofunctional Catalyst Research Team at RIKEN CSRS is trying to get around the iridium bottleneck and find other ways of producing hydrogen at high rates for long periods of time. In the long run, they hope to develop new catalysts based on common earth metals, which will be highly sustainable. In fact, the team recently succeeded in stabilizing green hydrogen production at a relatively high level using a form of manganese oxide as a catalyst. However, achieving industrial level production in this manner is still years away.

"We need a way to bridge the gap between rare metal- and common metal-based electrolyzers, so that we can make a gradual transition over many years to completely sustainable green hydrogen," says Nakamura. The current study does just that by combining manganese with iridium. The researchers found that when they spread out individual iridium atoms on a piece of manganese oxide so that they didn't touch or clump with each other, hydrogen production in a proton exchange membrane (PEM) electrolyzer was sustained at the same rate as when using iridium alone, but with 95% less iridium.

With the new catalyst, continuous hydrogen production was possible for over 3000 hours (about 4 months) at 82% efficiency without degradation. "The unexpected interaction between manganese oxide and iridium was key to our success," says co-author Ailong Li. "This is because the iridium resulting from this interaction was in the rare and highly active +6 oxidation state."

Nakamura believes that the level of hydrogen production achieved with the new catalyst has high potential for immediate usefulness. "We expect our catalyst to be easily transferred to real-world applications," he says, "which will immediately increase the capacity of current PEM electrolyzers."

The team has begun collaborating with partners in industry, who have already been able to improve on the initial iridium-manganese catalyst. Moving forward, the RIKEN CSRS researchers plan to continue investigating the specific chemical interaction between iridium and manganese oxide, with hopes of reducing the amount of necessary iridium even more. At the same time, they will continue collaborating with industrial partners, and plan on deploying and testing the new catalyst on an industrial scale in the near future.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        How did sabre-toothed tigers acquire their long upper canine teeth?
        In a groundbreaking study an international team of scientists has investigated the evolutionary patterns behind the development of sabre teeth, with some unexpected results along the way.

      

      
        Jet-propelled sea creatures could improve ocean robotics
        Scientists have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.

      

      
        Hubble views the dawn of a sun-like star
        Looking like a glittering cosmic geode, a trio of dazzling stars blaze from the hollowed-out cavity of a reflection nebula in a new image from NASA's Hubble Space Telescope. The triple-star system is made up of the variable star HP Tau, HP Tau G2, and HP Tau G3. HP Tau is known as a T Tauri star, a type of young variable star that hasn't begun nuclear fusion yet but is beginning to evolve into a hydrogen-fueled star similar to our Sun.

      

      
        Robotic 'SuperLimbs' could help moonwalkers recover from falls
        SuperLimbs, a system of wearable robotic limbs, can physically support an astronaut and lift them back on their feet after a fall, helping them conserve energy for other essential tasks.

      

      
        Wavefunction matching for solving quantum many-body problems
        Strongly interacting systems play an important role in quantum physics and quantum chemistry. Stochastic methods such as Monte Carlo simulations are a proven method for investigating such systems. However, these methods reach their limits when so-called sign oscillations occur. This problem has now been solved using the new method of wavefunction matching.

      

      
        Animal brain inspired AI game changer for autonomous robots
        A team of researchers has developed a drone that flies autonomously using neuromorphic image processing and control based on the workings of animal brains. Animal brains use less data and energy compared to current deep neural networks running on GPUs (graphic chips). Neuromorphic processors are therefore very suitable for small drones because they don't need heavy and large hardware and batteries. The results are extraordinary: during flight the drone's deep neural network processes data up to 6...

      

      
        Tiger beetles fight off bat attacks with ultrasonic mimicry
        When tiger beetles hear a bat nearby, they respond by creating a high-pitched, ultrasonic noise, and for the past 30 years, no one has known why. In a new study, scientists lay the mystery to rest by showing that tiger beetles use ultrasonic warning signals that mimic those of toxic moths.

      

      
        Detection of an Earth-sized exoplanet orbiting the ultracool dwarf star SPECULOOS-3
        Astronomers have just discovered a new Earth-sized exoplanet around SPECULOOS-3, an 'ultracool dwarf' star as small as Jupiter, twice as cold as our Sun, and located 55 light-years from Earth. After the famous TRAPPIST-1, SPECULOOS 3 is the second planetary system discovered around this type of star.

      

      
        Robots' and prosthetic hands' sense of touch could be as fast as humans
        Research could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. The technology could also be used to help restore lost functionality to patients after a stroke.

      

      
        A simple quantum internet with significant possibilities
        It's one thing to dream up a quantum internet that could send hacker-proof information around the world via photons superimposed in different quantum states. It's quite another to physically show it's possible. That's exactly what physicists have done, using existing Boston-area telecommunication fiber, in a demonstration of the world's longest fiber distance between two quantum memory nodes to date.

      

      
        Iconic baobabs: The origin and long-distance travels of upside down trees
        The research cracks the code on the iconic baobab tree's origin story, revealing their surprising origins in Madagascar and incredible long-distance dispersals to Africa and Australia. The study unveils how baobabs developed unique pollination mechanisms -- some attracting hawkmoths, others lemurs, and even bats -- showcasing remarkable evolutionary adaptations. The research sheds light on how climate change has shaped the baobab's distribution and diversification over millions of years, offering...

      

      
        First 'warm-blooded' dinosaurs may have emerged 180 million years ago
        The ability to regulate body temperature, a trait all mammals and birds have today, may have evolved among some dinosaurs early in the Jurassic period about 180 million years ago. The new study looked at the spread of dinosaurs across different climates on Earth throughout the Mesozoic Era (the dinosaur era lasting from 230 to 66 million years ago), drawing on 1,000 fossils, climate models and the geography of the period, and dinosaurs' evolutionary trees.

      

      
        Virtual reality becomes more engaging when designers use cinematic tools
        Cinematography techniques can significantly increase user engagement with virtual environments and, in particular, the aesthetic appeal of what users see in virtual reality.

      

      
        Creating a green composite material from Japanese washi paper
        Japanese washi paper is renowned for its aesthetic beauty and its wide-array of usages. Now, a group of researchers have made a green composite material from washi which boasts a 60% increase in strength as well as being more biodegradable. They hope that their research will revive interest in this traditional craft.

      

      
        WASP-193b, a giant planet with a density similar to that of cotton candy
        Astronomers have just discovered WASP-193b, an extraordinarily low-density giant planet orbiting a distant Sun-like star.

      

      
        Researchers discover the universe's oldest stars in our own galactic backyard
        Astronomers discovered three of the oldest stars in the universe, and they live in our own galactic neighborhood. The stars are in the Milky Way's 'halo' -- the cloud of stars that envelopes the entire main galactic disk -- and they appear to have formed between 12 and 13 billion years ago, when the very first galaxies were taking shape.

      

      
        Cats purrfectly demonstrate what it takes to trust robots
        Would you trust a robot to look after your cat? New research suggests it takes more than a carefully designed robot to care for your cat, the environment in which they operate is also vital, as well as human interaction.

      

      
        World's largest hummingbird is actually two species
        The Giant Hummingbird of western South America is not one species but two, according to an international group of researchers. The northern population stays in the high Andes year-round while the southern population migrates from sea level up to 14,000 feet for the nonbreeding months.

      

      
        Nature's 3D printer: Bristle worms form bristles piece by piece
        Molecular biologists provide exciting insights into the bristles of the marine annelid worm Platynereis dumerilii. Specialized cells, so-called chaetoblasts, control the formation of the bristles. Their mode of operation is astonishingly similar to that of a technical 3D printer.

      

      
        AI systems are already skilled at deceiving and manipulating humans
        Many artificial intelligence (AI) systems have already learned how to deceive humans, even systems that have been trained to be helpful and honest. Researchers describe the risks of deception by AI systems and call for governments to develop strong regulations to address this issue as soon as possible.

      

      
        Good vibrations: New tech may lead to smaller, more powerful wireless devices
        What if your earbuds could do everything your smartphone can, but better? A new class of synthetic materials could allow for smaller devices that use less power.

      

      
        Squeezed by neighbors, planet glows with molten lava
        Astrophysicists discovered that an exoplanet is covered with so many active volcanoes that seen from a distance it would take on a fiery, glowing-red hue.

      

      
        A fragment of human brain, mapped in exquisite detail
        Researchers have created the largest synaptic-resolution, 3D reconstruction of a piece of human brain to date, showing in vivid detail each cell and its web of neural connections in a piece of human temporal cortex about half the size of a rice grain.
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How did sabre-toothed tigers acquire their long upper canine teeth? | ScienceDaily
In a groundbreaking study, an international team led by scientists from the University of Liege has investigated the evolutionary patterns behind the development of sabre teeth, with some unexpected results along the way. A study that enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence.


						
Sabre teeth, those iconic elongated upper canine teeth, have long fascinated both scientists and the general public, notably because they have appeared several times in the fossil record, including two particularly well-known lineages of sabre-toothed tigers: the felids (the family of our domestic cats, lions, tigers, etc.) and the nimravids (a completely extinct family). However, the process by which these lineages acquired their elongated upper canines remains rather unclear.

Narimane Chatar, lead author of the study, who completed her doctorate at the EDDy Lab at the University of Liege and is now a post-doctoral fellow at UC Berkeley in the United States, has led an ambitious study to uncover the secrets of sabre tooth evolution. Using state-of-the-art 3D scanners and analytical methods, the team meticulously collected and analysed data from a diverse set of current and extinct species. "We quantified the shape of 99 mandibles and 91 skulls, from different eras and continents, giving us a better understanding of the evolution of these animals," explains Dr Chatar. "Unlocking the secrets of sabre tooth evolution not only enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence," says Professor Valentin Fischer, Director of the EDDyLab at ULiege.

The study revealed some surprising results. The first is that rather than contrasting two distinct cranial morphologies in species with elongated upper canines and those with short teeth, there is instead a continuum of form linking the smallest present-day cats and their extinct sabre-toothed counterparts. "From a morphological point of view, the skull of a present-day small cat is just as strange and modified as that of a large sabre-toothed felid," says Dr Margot Michaud, a researcher at the University of French Guyana in Cayenne. These are therefore the two extremes of a continuum of forms that feline predators have seen evolve over geological time. "Our study suggests that what we often think of as examples of evolutionary patterns in textbooks are actually simplified for educational purposes. However, when we immerse ourselves in statistical analyses, we discover much more complex scenarios in these cases, as suggested by the results of our convergence tests," explains Davide Tamagnini, post-doctoral researcher at the University of Rome La Sapienza.

The second surprise concerns the path taken by evolution to produce sabre-toothed species. In fact, the team's work has revealed that sabre-toothed species show faster rates of morphological evolution at the start of their evolutionary history than species with shorter canines. "Among other fascinating discoveries, we have shown that craniomandibular integration in sabre-toothed species is reduced, facilitating greater adaptability and diversification in the jaw and cranial morphology," points out Margot Michaud. Thus, rapid morphological diversification and a fairly plastic skull have been identified as two key components that facilitated the emergence of elongated upper canines in both felids and nimravids. "As a result, there appears to be a common recipe for evolving into sabre-toothed feline-like predators," says Dr Chatar.

Finally, the team's research highlighted the decline of sabre-toothed forms as well as the broader trends of feline-like predators over the course of their evolutionary history. Despite the relatively recent extinction of sabre-toothed forms 'only' a few thousand years ago, feline predators have in fact been in decline since the Miocene epoch (between -23 and -5 million years ago). "Some of these feline predators, particularly the sabre-toothed species, rapidly occupied fairly specialised niches, which made them more susceptible to extinction," explains Dr Tamagnini. This phenomenon, known as 'ratchet' or macroevolutionary ratchet, has been proposed as a potential driver for the decline of certain groups, where evolution favours the loss of early generalised forms, leading to the emergence of more specialised, but also more vulnerable, forms later in the history of the lineage.

"Predators have their own evolutionary pathways and risks of extinction. Studying how ancient predators prospered and declined provides us with information about the possible futures of our ecosystems," concludes Professor Fischer.
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Jet-propelled sea creatures could improve ocean robotics | ScienceDaily
Scientists at the University of Oregon have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.


						
The research involves salps, small creatures that look similar to jellyfish that take a nightly journey from the depths of the ocean to the surface. Observing that migration with special cameras helped UO researchers and their colleagues capture the macroplankton's graceful, coordinated swimming behavior.

"The largest migration on the planet happens every single night: the vertical migration of planktonic organisms from the deep sea to the surface," said Kelly Sutherland, an associate professor in biology at the UO's Oregon Institute of Marine Biology, who led the research. "They're running a marathon every day using novel fluid mechanics. These organisms can be platforms for inspiration on how to build robots that efficiently traverse the deep sea."

The researchers' findings were published May 15 in the journal Science Advances. The study included collaborations from Louisiana Universities Marine Consortium, University of South Florida, Roger Williams University, Marine Biological Laboratory and Providence College.

Despite looking similar to jellyfish, salps are barrel-shaped, watery macroplankton that are more closely related to vertebrates like fish and humans, said Alejandro Damian-Serrano, an adjunct professor in biology at the UO. They live far from shore and can live either as solitary individuals or operate in colonies, he said. Colonies consist of hundreds of individuals linked in chains that can be up to several meters long.

"Salps are really weird animals," Damian-Serrano said. "While their common ancestor with us probably looked like a little boneless fish, their lineage lost a lot of those features and magnified others. The solitary individuals behave like this mothership that asexually breeds a chain of individual clones, cojoined together to produce a colony."

But the most unique thing about these ocean creatures was found during the researchers' ocean expeditions: their swimming techniques.




Exploring off the coast of Kailua-Kona, Hawaii, Sutherland and her team developed specialized 3D camera systems to bring their lab underwater. They conducted daytime scuba dives, "immersed in infinite blue," as Damian-Serrano described, for high visibility investigations.

They also performed nighttime dives, when the black backdrop allowed for high-contrast imaging of the transparent critters. They encountered an immense flurry of different salps that were doing their nightly migration to the surface -- and many photobombing sharks, squids and crustaceans, Sutherland noted.

Through imaging and recordings, the researchers noticed two modes of swimming. Where shorter colonies spun around an axis, like a spiraling football, longer chains would buckle and coil like a corkscrew. That's called helical swimming.

Helical swimming is nothing new in biology, Sutherland said. Many microorganisms also spin and corkscrew through water, but the mechanisms behind the salps' motion are different. Microbes beat water with hair-like projections or tail whips, but salps swim via jet propulsion, Sutherland said. They have contracting muscle bands, like those in the human throat, that pump water sucked from one side of the body and squirted out the other end to create thrust, Damian-Serrano said.

The researchers also noticed that individual jets contracted at different times, causing the whole colony to steadily travel without pause. The jets were also angled, contributing to the spinning and coil swimming, Sutherland said.

"My initial reaction was really one of wonder and awe," she said. "I would describe their motion as snake-like and graceful. They have multiple units pulsing at different times, creating a whole chain that moves very smoothly. It's a really beautiful way of moving."

Microrobots inspired by microbial swimmers already exist, Sutherland said, but this discovery paves the way for engineers to construct larger underwater vehicles. It may be possible to create robots that are silent and less turbulent when modeled after these efficient swimmers, Damian-Serrano said. A multijet design also may be energetically advantageous for saving fuel, he said.

Beyond microbes, larger organisms like plankton have yet to be described in this way, Sutherland said. With Sutherland's new and innovative methods of studying sea creatures, scientists might come to realize that helical swimming is more pervasive than previously thought.

"It's a study that opens up more questions than provides answers," Sutherland said. "There's this new way of swimming that hadn't been described before, and when we started the study we sought to explain how it works. But we found that there are a lot more open questions, like what are the advantages of swimming this way? How many different organisms spin or corkscrew?"




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/05/240515225101.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Hubble views the dawn of a sun-like star | ScienceDaily
Looking like a glittering cosmic geode, a trio of dazzling stars blaze from the hollowed-out cavity of a reflection nebula in this new image from NASA's Hubble Space Telescope. The triple-star system is made up of the variable star HP Tau, HP Tau G2, and HP Tau G3. HP Tau is known as a T Tauri star, a type of young variable star that hasn't begun nuclear fusion yet but is beginning to evolve into a hydrogen-fueled star similar to our Sun. T Tauri stars tend to be younger than 10 million years old -- in comparison, our Sun is around 4.6 billion years old -- and are often found still swaddled in the clouds of dust and gas from which they formed.


						
As with all variable stars, HP Tau's brightness changes over time. T Tauri stars are known to have both periodic and random fluctuations in brightness. The random variations may be due to the chaotic nature of a developing young star, such as instabilities in the accretion disk of dust and gas around the star, material from that disk falling onto the star and being consumed, and flares on the star's surface. The periodic changes may be due to giant sunspots rotating in and out of view.

Curving around the stars, a cloud of gas and dust shines with their reflected light. Reflection nebulae do not emit visible light of their own, but shine as the light from nearby stars bounces off the gas and dust, like fog illuminated by the glow of a car's headlights.

HP Tau is located approximately 550 light-years away in the constellation Taurus. Hubble studied HP Tau as part of an investigation into protoplanetary disks, the disks of material around stars that coalesce into planets over millions of years.
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Robotic 'SuperLimbs' could help moonwalkers recover from falls | ScienceDaily
Need a moment of levity? Try watching videos of astronauts falling on the moon. NASA's outtakes of Apollo astronauts tripping and stumbling as they bounce in slow motion are delightfully relatable.


						
For MIT engineers, the lunar bloopers also highlight an opportunity to innovate.

"Astronauts are physically very capable, but they can struggle on the moon, where gravity is one-sixth that of Earth's but their inertia is still the same. Furthermore, wearing a spacesuit is a significant burden and can constrict their movements," says Harry Asada, professor of mechanical engineering at MIT. "We want to provide a safe way for astronauts to get back on their feet if they fall."

Asada and his colleagues are designing a pair of wearable robotic limbs that can physically support an astronaut and lift them back on their feet after a fall. The system, which the researchers have dubbed Supernumerary Robotic Limbs or "SuperLimbs" is designed to extend from a backpack, which would also carry the astronaut's life support system, along with the controller and motors to power the limbs.

The researchers have built a physical prototype, as well as a control system to direct the limbs, based on feedback from the astronaut using it. The team tested a preliminary version on healthy subjects who also volunteered to wear a constrictive garment similar to an astronaut's spacesuit. When the volunteers attempted to get up from a sitting or lying position, they did so with less effort when assisted by SuperLimbs, compared to when they had to recover on their own.

The MIT team envisions that SuperLimbs can physically assist astronauts after a fall and, in the process, help them conserve their energy for other essential tasks. The design could prove especially useful in the coming years, with the launch of NASA's Artemis mission, which plans to send astronauts back to the moon for the first time in over 50 years. Unlike the largely exploratory mission of Apollo, Artemis astronauts will endeavor to build the first permanent moon base -- a physically demanding task that will require multiple extended extravehicular activities (EVAs).

"During the Apollo era, when astronauts would fall, 80 percent of the time it was when they were doing excavation or some sort of job with a tool," says team member and MIT doctoral student Erik Ballesteros. "The Artemis missions will really focus on construction and excavation, so the risk of falling is much higher. We think that SuperLimbs can help them recover so they can be more productive, and extend their EVAs."

Asada, Ballesteros, and their colleagues will present their design and study this week at the IEEE International Conference on Robotics and Automation (ICRA). Their co-authors include MIT postdoc Sang-Yoep Lee and Kalind Carpenter of the Jet Propulsion Laboratory.




Taking a stand

The team's design is the latest application of SuperLimbs, which Asada first developed about a decade ago and has since adapted for a range of applications, including assisting workers in aircraft manufacturing, construction, and ship building.

Most recently, Asada and Ballesteros wondered whether SuperLimbs might assist astronauts, particularly as NASA plans to send astronauts back to the surface of the moon.

"In communications with NASA, we learned that this issue of falling on the moon is a serious risk," Asada says. "We realized that we could make some modifications to our design to help astronauts recover from falls and carry on with their work."

The team first took a step back, to study the ways in which humans naturally recover from a fall. In their new study, they asked several healthy volunteers to attempt to stand upright after lying on their side, front, and back.

The researchers then looked at how the volunteers' attempts to stand changed when their movements were constricted, similar to the way astronauts' movements are limited by the bulk of their spacesuits. The team built a suit to mimic the stiffness of traditional spacesuits, and had volunteers don the suit before again attempting to stand up from various fallen positions. The volunteers' sequence of movements was similar, though required much more effort compared to their unencumbered attempts.




The team mapped the movements of each volunteer as they stood up, and found that they each carried out a common sequence of motions, moving from one pose, or "waypoint," to the next, in a predictable order.

"Those ergonomic experiments helped us to model in a straightforward way, how a human stands up," Ballesteros says. "We could postulate that about 80 percent of humans stand up in a similar way. Then we designed a controller around that trajectory."

Helping hand

The team developed software to generate a trajectory for a robot, following a sequence that would help support a human and lift them back on their feet. They applied the controller to a heavy, fixed robotic arm, which they attached to a large backpack. The researchers then attached the backpack to the bulky suit and helped volunteers back into the suit. They asked the volunteers to again lie on their back, front, or side, and then had them attempt to stand as the robot sensed the person's movements and adapted to help them to their feet.

Overall, the volunteers were able to stand stably with much less effort when assisted by the robot, compared to when they tried to stand alone while wearing the bulky suit.

"It feels kind of like an extra force moving with you," says Ballesteros, who also tried out the suit and arm assist. "Imagine wearing a backpack and someone grabs the top and sort of pulls you up. Over time, it becomes sort of natural."

The experiments confirmed that the control system can successfully direct a robot to help a person stand back up after a fall. The researchers plan to pair the control system with their latest version of SuperLimbs, which comprises two multijointed robotic arms that can extend out from a backpack. The backpack would also contain the robot's battery and motors, along with an astronaut's ventilation system.

"We designed these robotic arms based on an AI search and design optimization, to look for designs of classic robot manipulators with certain engineering constraints," Ballesteros says. "We filtered through many designs and looked for the design that consumes the least amount of energy to lift a person up. This version of SuperLimbs is the product of that process."

Over the summer, Ballesteros will build out the full SuperLimbs system at NASA's Jet Propulsion Laboratory, where he plans to streamline the design and minimize the weight of its parts and motors using advanced, lightweight materials. Then, he hopes to pair the limbs with astronaut suits, and test them in low-gravity simulators, with the goal of someday assisting astronauts on future missions to the moon and Mars.

"Wearing a spacesuit can be a physical burden," Asada notes. "Robotic systems can help ease that burden, and help astronauts be more productive during their missions."

This research was supported, in part, by NASA.
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Wavefunction matching for solving quantum many-body problems | ScienceDaily
Strongly interacting systems play an important role in quantum physics and quantum chemistry. Stochastic methods such as Monte Carlo simulations are a proven method for investigating such systems. However, these methods reach their limits when so-called sign oscillations occur. This problem has now been solved by an international team of researchers from Germany, Turkey, the USA, China, South Korea and France using the new method of wavefunction matching. As an example, the masses and radii of all nuclei up to mass number 50 were calculated using this method. The results agree with the measurements, the researchers now report in the journal "Nature."


						
All matter on Earth consists of tiny particles known as atoms. Each atom contains even smaller particles: protons, neutrons and electrons. Each of these particles follows the rules of quantum mechanics. Quantum mechanics forms the basis of quantum many-body theory, which describes systems with many particles, such as atomic nuclei.

One class of methods used by nuclear physicists to study atomic nuclei is the ab initio approach. It describes complex systems by starting from a description of their elementary components and their interactions. In the case of nuclear physics, the elementary components are protons and neutrons. Some key questions that ab initio calculations can help answer are the binding energies and properties of atomic nuclei and the link between nuclear structure and the underlying interactions between protons and neutrons.

However, these ab initio methods have difficulties in performing reliable calculations for systems with complex interactions. One of these methods is quantum Monte Carlo simulations. Here, quantities are calculated using random or stochastic processes. Although quantum Monte Carlo simulations can be efficient and powerful, they have a significant weakness: the sign problem. It arises in processes with positive and negative weights, which cancel each other. This cancellation leads to inaccurate final predictions.

A new approach, known as wavefunction matching, is intended to help solve such calculation problems for ab initio methods. "This problem is solved by the new method of wavefunction matching by mapping the complicated problem in a first approximation to a simple model system that does not have such sign oscillations and then treating the differences in perturbation theory," says Prof. Ulf-G. Meissner from the Helmholtz Institute for Radiation and Nuclear Physics at the University of Bonn and from the Institute of Nuclear Physics and the Center for Advanced Simulation and Analytics at Forschungszentrum Julich. "As an example, the masses and radii of all nuclei up to mass number 50 were calculated -- and the results agree with the measurements," reports Meissner, who is also a member of the Transdisciplinary Research Areas "Modeling" and "Matter" at the University of Bonn.

"In quantum many-body theory, we are often faced with the situation that we can perform calculations using a simple approximate interaction, but realistic high-fidelity interactions cause severe computational problems," says Dean Lee, Professor of Physics from the Facility for Rare Istope Beams and Department of Physics and Astronomy (FRIB) at Michigan State University and head of the Department of Theoretical Nuclear Sciences.

Wavefunction matching solves this problem by removing the short-distance part of the high-fidelity interaction and replacing it with the short-distance part of an easily calculable interaction. This transformation is done in a way that preserves all the important properties of the original realistic interaction. Since the new wavefunctions are similar to those of the easily computable interaction, the researchers can now perform calculations with the easily computable interaction and apply a standard procedure for handling small corrections -- called perturbation theory.

The research team applied this new method to lattice quantum Monte Carlo simulations for light nuclei, medium-mass nuclei, neutron matter and nuclear matter. Using precise ab initio calculations, the results closely matched real-world data on nuclear properties such as size, structure and binding energy. Calculations that were once impossible due to the sign problem can now be performed with wavefunction matching.

While the research team focused exclusively on quantum Monte Carlo simulations, wavefunction matching should be useful for many different ab initio approaches. "This method can be used in both classical computing and quantum computing, for example to better predict the properties of so-called topological materials, which are important for quantum computing," says Meissner.

The first author is Prof. Dr. Serdar Elhatisari, who worked for two years as a Fellow in Prof. Meissner's ERC Advanced Grant EXOTIC. According to Meissner, a large part of the work was carried out during this time. Part of the computing time on supercomputers at Forschungszentrum Julich was provided by the IAS-4 institute, which Meissner heads.
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Animal brain inspired AI game changer for autonomous robots | ScienceDaily
A team of researchers at Delft University of Technology has developed a drone that flies autonomously using neuromorphic image processing and control based on the workings of animal brains. Animal brains use less data and energy compared to current deep neural networks running on GPUs (graphic chips). Neuromorphic processors are therefore very suitable for small drones because they don't need heavy and large hardware and batteries. The results are extraordinary: during flight the drone's deep neural network processes data up to 64 times faster and consumes three times less energy than when running on a GPU. Further developments of this technology may enable the leap for drones to become as small, agile, and smart as flying insects or birds. The findings were recently published in Science Robotics.


						
Learning from animal brains: spiking neural networks

Artificial intelligence holds great potential to provide autonomous robots with the intelligence needed for real-world applications. However, current AI relies on deep neural networks that require substantial computing power. The processors made for running deep neural networks (Graphics Processing Units, GPUs) consume a substantial amount of energy. Especially for small robots like flying drones this is a problem, since they can only carry very limited resources in terms of sensing and computing.

Animal brains process information in a way that is very different from the neural networks running on GPUs. Biological neurons process information asynchronously, and mostly communicate via electrical pulses called spikes. Since sending such spikes costs energy, the brain minimizes spiking, leading to sparse processing.

Inspired by these properties of animal brains, scientists and tech companies are developing new, neuromorphic processors. These new processors allow to run spiking neural networks and promise to be much faster and more energy efficient.

"The calculations performed by spiking neural networks are much simpler than those in standard deep neural networks.," says Jesse Hagenaars, PhD candidate and one of the authors of the article, "Whereas digital spiking neurons only need to add integers, standard neurons have to multiply and add floating point numbers. This makes spiking neural networks quicker and more energy efficient. To understand why, think of how humans also find it much easier to calculate 5 + 8 than to calculate 6.25 x 3.45 + 4.05 x 3.45."

This energy efficiency is further boosted if neuromorphic processors are used in combination with neuromorphic sensors, like neuromorphic cameras. Such cameras do not make images at a fixed time interval. Instead, each pixel only sends a signal when it becomes brighter or darker. The advantages of such cameras are that they can perceive motion much more quickly, are more energy efficient, and function well both in dark and bright environments. Moreover, the signals from neuromorphic cameras can feed directly into spiking neural networks running on neuromorphic processors. Together, they can form a huge enabler for autonomous robots, especially small, agile robots like flying drones.




First neuromorphic vision and control of a flying drone

In an article published in Science Robotics on May 15, 2024, researchers from Delft University of Technology, the Netherlands, demonstrate for the first time a drone that uses neuromorphic vision and control for autonomous flight. Specifically, they developed a spiking neural network that processes the signals from a neuromorphic camera and outputs control commands that determine the drone's pose and thrust. They deployed this network on a neuromorphic processor, Intel's Loihi neuromorphic research chip, on board of a drone. Thanks to the network, the drone can perceive and control its own motion in all directions.

"We faced many challenges," says Federico Paredes-Valles, one of the researchers that worked on the study, "but the hardest one was to imagine how we could train a spiking neural network so that training would be both sufficiently fast and the trained network would function well on the real robot. In the end, we designed a network consisting of two modules. The first module learns to visually perceive motion from the signals of a moving neuromorphic camera. It does so completely by itself, in a self-supervised way, based only on the data from the camera. This is similar to how also animals learn to perceive the world by themselves. The second module learns to map the estimated motion to control commands, in a simulator. This learning relied on an artificial evolution in simulation, in which networks that were better in controlling the drone had a higher chance of producing offspring. Over the generations of the artificial evolution, the spiking neural networks got increasingly good at control, and were finally able to fly in any direction at different speeds. We trained both modules and developed a way with which we could merge them together. We were happy to see that the merged network immediately worked well on the real robot."

With its neuromorphic vision and control, the drone is able to fly at different speeds under varying light conditions, from dark to bright. It can even fly with flickering lights, which make the pixels in the neuromorphic camera send great numbers of signals to the network that are unrelated to motion.

Improved energy efficiency and speed by neuromorphic AI

"Importantly, our measurements confirm the potential of neuromorphic AI. The network runs on average between 274 and 1600 times per second. If we run the same network on a small, embedded GPU, it runs on average only 25 times per second, a difference of a factor ~10-64! Moreover, when running the network, , Intel's Loihi neuromorphic research chip consumes 1.007 watts, of which 1 watt is the idle power that the processor spends just when turning on the chip. Running the network itself only costs 7 milliwatts. In comparison, when running the same network, the embedded GPU consumes 3 watts, of which 1 watt is idle power and 2 watts are spent for running the network. The neuromorphic approach results in AI that runs faster and more efficiently, allowing deployment on much smaller autonomous robots.," says Stein Stroobants, PhD candidate in the field of neuromorphic drones.

Future applications of neuromorphic AI for tiny robots

"Neuromorphic AI will enable all autonomous robots to be more intelligent," says Guido de Croon, Professor in bio-inspired drones, "but it is an absolute enabler for tiny autonomous robots. At Delft University of Technology's Faculty of Aerospace Engineering, we work on tiny autonomous drones which can be used for applications ranging from monitoring crop in greenhouses to keeping track of stock in warehouses. The advantages of tiny drones are that they are very safe and can navigate in narrow environments like in between ranges of tomato plants. Moreover, they can be very cheap, so that they can be deployed in swarms. This is useful for more quickly covering an area, as we have shown in exploration and gas source localization settings."

"The current work is a great step in this direction. However, the realization of these applications will depend on further scaling down the neuromorphic hardware and expanding the capabilities towards more complex tasks such as navigation."
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Tiger beetles fight off bat attacks with ultrasonic mimicry | ScienceDaily
Bats, as the main predator of night-flying insects, create a selective pressure that has led many of their prey to evolve an early warning system of sorts: ears uniquely tuned to high-frequency bat echolocation. To date, scientists have found at least six orders of insects -- including moths, beetles, crickets and grasshoppers -- that have evolved ears capable of detecting ultrasound.


						
But tiger beetles take things a step further. When they hear a bat nearby, they respond with their own ultrasonic signal, and for the past 30 years, no one has known why.

"It's such a foreign idea to humans: these animals flying around at night trying to catch each other in essentially complete darkness, using sound as their way of communicating," said Harlan Gough, lead author on a new study that finally solves the mystery. While doing his doctoral research at the Florida Museum of Natural History, he reasoned that tiger beetles must receive a major benefit from making the sound, since it would also help bats locate them.

Tiger beetles are the only group of beetle scientists know of that seem to produce ultrasound in response to bat predation. An estimated 20% of moth species, however, are known to have this ability and provide a helpful reference for understanding the behavior in other insects. "This was a really fun study because we got to peel apart the story layer by layer," Gough said.

The researchers began by confirming that tiger beetles produced ultrasound in response to bat predation. As bats fly through the night sky, they periodically send out ultrasonic pulses, which gives them snapshots of their surroundings. When a bat has located potential prey, they start clicking more frequently, allowing them to lock on to their targets.

This also creates a distinctive bat echolocation attack sequence, which researchers played for tiger beetles to see how they would respond. When a beetle flies, its hard shell opens to reveal two hindwings that generate lift. The elytra, which formerly covered the wings, are protective and don't help with flight. These are typically held up and out of the way.

The researchers spent two summers in the deserts of southern Arizona and collected 20 different tiger beetle species to study. Of these, seven responded to bat attack sequences by swinging their elytra slightly toward the back. This caused the beating hind wings to strike the back edges of the elytra, like the two wing pairs were clapping. To a human's ears it sounds like a faint buzzing, but a bat would pick up the higher frequencies and hear the beetle loud and clear.




"Responding to bat echolocation is a much less common ability than just being able to hear echolocation," Gough said. "Most moths aren't singing these sounds through their mouths, like we think of bats echolocating through their mouth and nose. Tiger moths, for example, use a specialized structure on the side of the body, so you need that structure to make ultrasound as well as ears to hear the bat."

Tiger beetles were certainly responding to the sound of a bat attack with ultrasound. But why?

Some moths can jam bat sonar by producing several clicks in close, quick succession. The researchers quickly ruled out this possibility for tiger beetles, however, as they produce ultrasound that is too simple for such a feat.

Instead, they suspected that tiger beetles, which produce benzaldehyde and hydrogen cyanide as defensive chemicals, were using ultrasound to warn bats that they are noxious -- like many moths do.

"These defensive compounds have been shown to be effective against some insect predators," Gough said. "Some tiger beetles, when you hold them in your hand, you can actually smell some of those compounds that they are producing."

They tested their theory by feeding 94 tiger beetles to big brown bats, which eat a wide array of insects but show a strong preference for beetles. To their surprise, 90 were completely eaten while two were only partially consumed, and just two were rejected, indicating that the beetles' defensive chemicals do little to dissuade big brown bats.




According to Akito Kawahara, director of the museum's McGuire Center for Lepidoptera and Biodiversity, this was the first time scientists had tested whether tiger beetles were actually noxious to bats.

"Even if you identify a chemical, that doesn't mean it's a defense against a particular predator," Kawahara said. "You don't actually know until you do the experiment with the predator."

It turned out tiger beetles don't use ultrasound to warn bats of their noxiousness. But there was one last possibility. Some moths produce anti-bat ultrasound even though they are palatable. Scientists believe these moths are trying to trick bats by acoustically mimicking the ultrasonic signals of genuinely noxious moth species.

Could tiger beetles be doing something similar? The researchers compared recordings of tiger beetle ultrasound, collected earlier in the study, with recordings of tiger moths already in their database. Upon analyzing the ultrasonic signals, they found a clear overlap and the answer to their question.

Tiger beetles, which do not have chemical defenses against bats, produce ultrasound to mimic tiger moths, which are noxious to bats.

But this behavior is limited to tiger beetles that fly at night. Some of the 2,000 species of tiger beetles are active exclusively during the day, using their vision to chase and hunt smaller insects, and don't have the selective pressure of bat predation. The 12 diurnal tiger beetle species that the researchers included in the study are evidence of this.

"If you get one of those tiger beetles that goes to sleep at night and play bat echolocation to it, it makes no response at all," Gough said. "And they seem to be able to pretty quickly lose the ability to be afraid of bat echolocation."

Researchers suspect there may be even more undiscovered examples of ultrasonic mimicry, given how understudied the acoustics of the night sky are.

"I think it's happening all over the world," Kawahara said. "With my colleague, Jesse Barber, we have been studying this together for many years. We think it's not just tiger beetles and moths. It appears to be happening with all kinds of different nocturnal insects, and we just don't know simply because we haven't been testing in this manner."

These delicate ecological interactions are also at risk of being disrupted soon. Acoustic mimicry needs a quiet environment to work, but human impacts like noise and light pollution are already altering what the night sky looks and sounds like.

"If we want to understand these processes, we need to do it now," Kawahara said. "There are amazing processes taking place in our backyards that we can't see. But by making our world louder, brighter and changing the temperature, these balances can break."

The authors published their study in the journal Biology Letters.

Juliette Rubin, former graduate student at the University of Florida and Jesse Barber of Boise State University were also authors on the study.
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Detection of an Earth-sized exoplanet orbiting the ultracool dwarf star SPECULOOS-3 | ScienceDaily
The SPECULOOS project, led by the astronomer Michael Gillon from the University of Liege, has just discovered a new Earth-sized exoplanet around SPECULOOS-3, an "ultracool dwarf" star as small as Jupiter, twice as cold as our Sun, and located 55 light-years from Earth. After the famous TRAPPIST-1, SPECULOOS 3 is the second planetary system discovered around this type of star.


						
Ultra-cool dwarf stars are the least massive stars in our Universe, similar in size to Jupiter, more than twice as cold, ten times less massive and a hundred times less luminous than our Sun. Their lifespan is over a hundred times longer than that of our star, and they will be the last stars to shine when the Universe becomes cold and dark. Although they are far more common in the Cosmos than Sun-like stars, ultra-cool dwarf stars are still poorly understood due to their low luminosity. In particular, very little is known about their planets, even though they represent a significant fraction of the planetary population of our Milky Way.

It's against this backdrop that the SPECULOOSconsortium, led by the University of Liege, has just announced the discovery of a new Earth-sized planet orbiting a nearby ultra-cool dwarf star. The SPECULOOS-3 b exoplanet lies around 55 light-years from Earth (which is very close on a cosmic scale! Our galaxy, the Milky Way, stretches over 100,000 light-years). SPECULOOS 3 is only the second planetary system to be discovered around this type of star: "SPECULOOS-3 b is practically the same size as our planet," explains the astronomer Michael Gillon, first author of the article published in Nature Astronomy. A year, i.e. an orbit around the star, lasts around 17 hours. Days and nights, on the other hand, should never end. We believe that the planet rotates synchronously, so that the same side, called the day side, always faces the star, just like the Moon does for the Earth. On the other hand, the night side hand, would be locked in endless darkness."

The SPECULOOS (Search for Planets EClipsing ULtra-cOOl Stars) project, initiated and led by astronomer Michael Gillon, has been specially designed to search for exoplanets around the nearest ultra-cold dwarf stars. These stars are scattered across the sky, so you must observe them one by one, over a period of weeks, to have a good chance of detecting transiting planets," continues the researcher. This requires a dedicated network of professional robotic telescopes." This isthe concept behind SPECULOOS, jointly run by the Universities of Liege, Cambridge, Birmingham, Berne, MIT and ETH Zurich.

"We designed SPECULOOS specifically to observe nearby ultra-cool dwarf stars in search of rocky planets that lend themselves well to detailed studies," comments Laetitia Delrez, astronomer at the University of Liege. In 2017, our SPECULOOS prototype using the TRAPPIST telescope discovered the famous TRAPPIST-1 system made up of seven Earth-sized planets, including several potentially habitable ones. This was an excellent start!"

The SPECULOOS-3 star is more than twice as cold as our sun, with an average temperature of around 2,600degC. Due to its hyper-short orbit, the planet receives almost sixteen times more energy per second than the Earth does from the Sun and is therefore literally bombarded with high-energy radiation. "In such an environment, the presence of an atmosphere around the planet is highly unlikely," says Julien de Wit, MIT professor and co-director of the SPECULOOS Northern Observatory and its Artemis telescope, co-developed by the University of Liege and MIT, and the mainstay of this discovery. The fact that this planet has no atmosphere could be a plus in several respects. For example, it could enable us to learn a great deal about ultra-cool dwarf stars, which in turn will make possible more in-depth studies of their potentially habitable planets."

SPECULOOS-3 b is proving to be an excellent target for the JWST space telescope, to be launched in 2021, whose data will revolutionize our vision of the Universe. "With the JWST, we could even study the mineralogy of the planet's surface!" enthuses Elsa Ducrot, a former researcher at the University of Liege now based at Paris Observatory. 

"This discovery demonstrates the ability of our SPECULOOS-North observatory to detect Earth-sized exoplanets suitable for detailed study. And this is just the beginning! Thanks to the financial support of the Walloon Region and the University of Liege, two new telescopes, Orion and Apollo, will soon join Artemis on the plateau of the Teide volcano in Tenerife, to speed up the hunt for these fascinating planets" concludes Michael Gillon.
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Robots' and prosthetic hands' sense of touch could be as fast as humans | ScienceDaily
Research at Uppsala University and Karolinska Institutet could pave the way for a prosthetic hand and robot to be able to feel touch like a human hand. Their study has been published in the journal Science. The technology could also be used to help restore lost functionality to patients after a stroke.


						
"Our system can determine what type of object it encounters as fast as a blindfolded person, just by feeling it and deciding whether it is a tennis ball or an apple, for example," says Zhibin Zhang, docent at the Department of Electrical Engineering at Uppsala University.

He and his colleague Libo Chen performed the study in close cooperation with researchers from the Signals and Systems Division at Uppsala University, who provided data processing and machine learning expertise, and a group of researchers from the Department of Neurobiology, Care Sciences and Society, Division of Neurogeriatrics at Karolinska Institutet.

Drawing inspiration from neuroscience, they have developed an artificial tactile system that imitates the way the human nervous system reacts to touch. The system uses electrical pulses that process dynamic tactile information in the same way as the human nervous system. "With this technology, a prosthetic hand would feel like part of the wearer's body," Zhang explains.

The artificial system has three main components: an electronic skin (e-skin) with sensors that can detect pressure by touch; a set of artificial neurons that convert analogue touch signals into electrical pulses; and a processor that processes the signals and identifies the object. In principle, it can learn to identify an unlimited number of objects, but in their tests the researchers have used 22 different objects for grasping and 16 different surfaces for touching.

"We're also looking into developing the system so it can feel pain and heat as well. It should also be able to feel what material the hand is touching, for example, whether it is wood or metal," says Assistant Professor Libo Chen, who led the study.

According to the researchers, interactions between humans and robots or prosthetic hands can be made safer and more natural thanks to tactile feedback. The prostheses can also be given the ability to handle objects with the same dexterity as a human hand.

"The skin contains millions of receptors. Current e-skin technology cannot deliver enough receptors, but this technology makes it possible, so we would like to produce artificial skin for a whole robot," says Chen.

The technology could also be used medically, for example, to monitor movement dysfunctions caused by Parkinson's disease and Alzheimer's disease, or to help patients recover lost functionality after a stroke.

"The technology can be further developed to tell if a patient is about to fall. This information can be then used to either stimulate a muscle externally to prevent the fall or prompt an assistive device to take over and prevent it," says Zhang.
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A simple quantum internet with significant possibilities | ScienceDaily
It's one thing to dream up a quantum internet that could send hacker-proof information around the world via photons superimposed in different quantum states. It's quite another to physically show it's possible.


						
That's exactly what Harvard physicists have done, using existing Boston-area telecommunication fiber, in a demonstration of the world's longest fiber distance between two quantum memory nodes to date. Think of it as a simple, closed internet between point A and B, carrying a signal encoded not by classical bits like the existing internet, but by perfectly secure, individual particles of light.

The groundbreaking work, published in Nature, was led by Mikhail Lukin, the Joshua and Beth Friedman University Professor in the Department of Physics, in collaboration with Harvard professors Marko Loncar and Hongkun Park, who are all members of the Harvard Quantum Initiative, alongside researchers at Amazon Web Services.

The Harvard team established the practical makings of the first quantum internet by entangling two quantum memory nodes separated by optical fiber link deployed over a roughly 22-mile loop through Cambridge, Somerville, Watertown, and Boston. The two nodes were located a floor apart in Harvard's Laboratory for Integrated Science and Engineering.

Quantum memory, analogous to classical computer memory, is an important component of an interconnected quantum computing future because it allows for complex network operations and information storage and retrieval. While other quantum networks have been created in the past, the Harvard team's is the longest fiber network between devices that can store, process and move information.

Each node is a very small quantum computer, made out of a sliver of diamond that has a defect in its atomic structure called a silicon-vacancy center. Inside the diamond, carved structures smaller than a hundredth the width of a human hair enhance the interaction between the silicon-vacancy center and light.

The silicon-vacancy center contains two qubits, or bits of quantum information: one in the form of an electron spin used for communication, and the other in a longer-lived nuclear spin used as a memory qubit to store entanglement (the quantum-mechanical property that allows information to be perfectly correlated across any distance). Both spins are fully controllable with microwave pulses. These diamond devices -- just a few millimeters square -- are housed inside dilution refrigeration units that reach temperatures of -459 Fahrenheit.




Using silicon-vacancy centers as quantum memory devices for single photons has been a multi-year research program at Harvard. The technology solves a major problem in the theorized quantum internet: signal loss that can't be boosted in traditional ways. A quantum network cannot use standard optical-fiber signal repeaters because copying of arbitrary quantum information is impossible -- making the information secure, but also very hard to transport over long distances.

Silicon vacancy center-based network nodes can catch, store and entangle bits of quantum information while correcting for signal loss. After cooling the nodes to close to absolute zero, light is sent through the first node and, by nature of the silicon vacancy center's atomic structure, becomes entangled with it.

"Since the light is already entangled with the first node, it can transfer this entanglement to the second node," explained first author Can Knaut, a Kenneth C. Griffin Graduate School of Arts and Sciences student in Lukin's lab. "We call this photon-mediated entanglement."

Over the last several years, the researchers have leased optical fiber from a company in Boston to run their experiments, fitting their demonstration network on top of the existing fiber to indicate that creating a quantum internet with similar network lines would be possible.

"Showing that quantum network nodes can be entangled in the real-world environment of a very busy urban area, is an important step towards practical networking between quantum computers," Lukin said.

A two-node quantum network is only the beginning. The researchers are working diligently to extend the performance of their network by adding nodes and experimenting with more networking protocols.
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Iconic baobabs: The origin and long-distance travels of upside down trees | ScienceDaily


						The iconic baobabs, also known as upside-down trees, or the tree of life, have much cultural significance, inspiring innumerable arts, folklore, and traditions. A research published in Nature, involving international collaboration between Wuhan Botanical Garden (China), Royal Botanic Gardens (Kew, UK), University of Antananarivo (Madagascar) and Queen Mary University of London (UK) reveal a remarkable example of species radiation in Madagascar followed by long distance dispersal to Africa and Australia. With speciation, an astonishing divergence of pollination mechanisms evolved, that exploit hawkmoths, bats and lemurs for a simple nectar reward.


						
The charismatic baobabs have astonishing growth forms, reaching huge sizes with massive trunks, but apparently diminutive crowns, giving them their iconic appearance as upside-down trees. The team first assembled the genomes of the eight recognised species and worked out their patterns of speciation. They then analysed the genomes themselves and discovered that the ancestor of all eight species most likely radiated in Madagascar, where they made hybrids, before two species underwent astonishing long-distance travels, one to Africa and another to Australia. In that radiation the species evolved different flower structures to attract hawkmoths, lemurs and bats.

Quote: Professor Andrew Leitch at Queen Mary University of London said, "We were delighted to be involved in this project uncovering patterns of baobab speciation in Madagascar followed by the astonishing long-distance dispersal of two species, one to Africa and another to Australia. This was accompanied by the evolution of some fascinating pollination syndromes involving hawkmoths, lemurs and bats."

Quote: Dr. Ilia Leitch at Royal Botanic Garden Kew said, "This work has uncovered new insights into the patterns of speciation in baobabs and shows how climate change has influenced baobab distribution and speciation patterns over millions of years."

Quote: Husband and wife team Andrew and Ilia Leitch at Queen Mary University of London and Royal Botanic Gardens Kew said. 'We were delighted to be involved in this project uncovering patterns of baobab speciation in Madagascar before the astonishing long-distance dispersal of two species, one to Africa and another to Australia. The work also provides new insights into how climate change has influenced baobab distribution and speciation patterns over millions of years'.
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First 'warm-blooded' dinosaurs may have emerged 180 million years ago | ScienceDaily
The ability to regulate body temperature, a trait all mammals and birds have today, may have evolved among some dinosaurs early in the Jurassic period about 180 million years ago, suggests a new study led by UCL and University of Vigo researchers.


						
In the early 20th century, dinosaurs were considered slow-moving, "cold-blooded" animals like modern-day reptiles, relying on heat from the sun to regulate their temperature. Newer discoveries indicate some dinosaur types were likely capable of generating their own body heat but when this adaptation occurred is unknown.

The new study, published in the journal Current Biology, looked at the spread of dinosaurs across different climates on Earth throughout the Mesozoic Era (the dinosaur era lasting from 230 to 66 million years ago), drawing on 1,000 fossils, climate models and the geography of the period, and dinosaurs' evolutionary trees.

The research team found that two of the three main groupings of dinosaurs, theropods (such as T. rex and Velociraptor) and ornithischians (including relatives of the plant eaters Stegosaurus and Triceratops), moved to colder climates during the Early Jurassic, suggesting they may have developed endothermy (the ability to internally generate heat) at this time. In contrast, sauropods, the other main grouping which includes the Brontosaurus and the Diplodocus, kept to warmer areas of the planet.

Previous research has found traits linked to warm-bloodedness among ornithischians and theropods, with some known to have had feathers or proto-feathers, insulating internal heat.

First author Dr Alfio Alessandro Chiarenza, of UCL Earth Sciences, said: "Our analyses show that different climate preferences emerged among the main dinosaur groups around the time of the Jenkyns event 183 million years ago, when intense volcanic activity led to global warming and extinction of plant groups.

"At this time, many new dinosaur groups emerged. The adoption of endothermy, perhaps a result of this environmental crisis, may have enabled theropods and ornithischians to thrive in colder environments, allowing them to be highly active and sustain activity over longer periods, to develop and grow faster and produce more offspring."

Co-author Dr Sara Varela, of the Universidade de Vigo, Spain, said: "Theropods also include birds and our study suggests that birds' unique temperature regulation may have had its origin in this Early Jurassic epoch.




"Sauropods, on the other hand, which stayed in warmer climates, grew to a gigantic size at around this time -- another possible adaptation due to environmental pressure. Their smaller surface area to volume ratio would have meant these larger creatures would lose heat at a reduced rate, allowing them to stay active for longer."

In the paper, the researchers also investigated if sauropods might have stayed at lower latitudes to eat richer foliage unavailable in colder polar regions. Instead, they found sauropods seemed to thrive in arid, savannah-like environments, supporting the idea that their restriction to warmer climates was more related to higher temperature and then to a more cold-blooded physiology. During that time, polar regions were warmer, with abundant vegetation.

The Jenkyns event occurred after lava and volcanic gasses erupted from long fissures in the Earth's surface, covering large areas of the planet.

Co-author Dr Juan L. Cantalapiedra, of the Museo Nacional de Ciencias Naturales, Madrid, Spain, said: "This research suggests a close connection between climate and how dinosaurs evolved. It sheds new light on how birds might have inherited a unique biological trait from dinosaur ancestors and the different ways dinosaurs adapted to complex and long-term environmental changes."

The study involved researchers from UCL, University of Vigo, the University of Bristol and the Museo Nacional de Ciencias Naturales in Madrid, and received funding from the European Research Council, the Spanish Ministry of Research, the Natural Environment Research Council and the Royal Society.
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Virtual reality becomes more engaging when designers use cinematic tools | ScienceDaily
Cinematography techniques can significantly increase user engagement with virtual environments and, in particular, the aesthetic appeal of what users see in virtual reality.


						
This was the result of a recent study conducted by computer scientists at the University of Helsinki. The results were published in May at the ACM Conference on Human Factors in Computing Systems (CHI).

The team aimed to investigate how principles of composition and continuity, commonly used in filmmaking, could be utilized to enhance navigation around virtual environments.

Composition refers to how the elements in a scene are oriented with respect to the viewer, whereas continuity is about how camera positions between shots can help viewers to understand spatial relationships between elements in the scene.

"Using these ideas, we developed a new teleportation method for exploring virtual environments that subtly repositions and reorientates the user's viewpoint after teleportation to better frame the contents of the scene," says Alan Medlar, University Researcher in computer science at the University of Helsinki.

The images show how this differs from regular teleportation used in modern VR games: from the same starting point (top images), regular teleportation moves the user forward while retaining the same orientation (middle images), whereas cinematic techniques can increase the visual appeal of the environment (bottom images).

Sense of space preserved without motion sickness

The results also address the issue of motion sickness -- a common problem for VR users. Usually, to prevent nausea, designers use teleportation as a method for moving through digital spaces. The researchers' approach is also based on teleportation, but it aims to fix the problems associated with this technique.




"In virtual environments, teleportation can lead to reduced spatial awareness, forcing users to reorient themselves after teleporting and can cause them to miss important elements in their surroundings," says Medlar.

"The cinematography techniques we used give the designers of virtual environments a way to influence users' attention as they move around the space to affect how they perceive their surroundings," he continues.

Implications for gaming, museums, and movies

The research carries substantial implications for a range of VR applications, especially as the affordability of VR headsets keeps improving. Video games, virtual museums, galleries, and VR movies could all benefit from these findings, utilizing the proposed methods to craft more engaging and coherent experiences for their users.

Medlar believes the results will be of practical use to virtual reality designers.

"The potential impact of improving navigation in VR and giving designers more tools to affect user experience is huge."
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Creating a green composite material from Japanese washi paper | ScienceDaily
Washi: the traditional Japanese paper, known for its beauty and strength, has been used in bookbinding, art, furniture, and architecture for hundreds of years. But more recently, washi's usage is on the decline, as people opt for more western style housing designs. In a bid to revive interest in this traditional craft, a group of Tohoku University researchers has developed an environmentally friendly material from washi that boasts improved strength and biodegradability.


						
Details of the research were published in the journal Composites Part A: Applied Science and Manufacturing on May, 9, 2024.

Bio-based and biodegradable materials are increasingly sought after as the world seeks to move away from fossil based-plastic materials and build a more sustainable society. Green composites combine plastics with natural fibers, producing materials with higher strength, improved biodegradability, and a lower environmental footprint.

"We created a green composite from washi, which itself stems from plant fibers, improving its properties further whilst still maintaining its classical beauty," points out Hiroki Kurita, co-author of the paper and an associate professor at Tohoku University's Graduate School of Environmental Studies.

To produce the material, Kurita and his colleagues layered and hot pressed sheets of Washi with polybutylene succinate (PBS). To source the Washi, they worked with an artisan from a Miyagi-based washi-workshop. The material's ultimate tensile strength, i.e., the amount of stress the paper could withstand, stood at 59.85 MPa, representing an improvement of over 60%.

Washi has a lot of space between its entangled fibers. When combined with PBS, the plastic filled these spaces, thereby locking the fibers in place and preventing the fibers from moving.

PBS is also notable for its biodegradability, and the resultant composite material degraded much faster than pure plastic. After 35 days, it had biodegraded by 82%.The biodegradation was calculated by measuring the amount of CO2 released from the material when it was buried in compost. At the same time, researchers measured weight loss and loss of strength during degradation.

Not only was the team successful in producing a new material, but Kurita believes they were able to raise the standard of biodegradation testing and provide blueprints for future research into biodegradable composite materials. "We utilized both standardized and non-standardized methods for measuring biodegradability. The differing methods used will help researchers compare biodegradability between different materials moving forward."
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WASP-193b, a giant planet with a density similar to that of cotton candy | ScienceDaily
An international team led by researchers from the EXOTIC Laboratory of the University of Liege, in collaboration with MIT and the Astrophysics Institute in Andalusia, has just discovered WASP-193b, an extraordinarily low-density giant planet orbiting a distant Sun-like star.


						
This new planet, located 1,200 light-years from Earth, is 50% larger than Jupiter but seven times less massive, giving it an extremely low density comparable to that of cotton candy. "WASP-193b is the second least dense planet discovered to date, after Kepler-51d, which is much smaller," explains Khalid Barkaoui, a Postdcotral Researcher at ULiege's EXOTIC Laboratory and first author of the article published in Nature Astronomy. Its extremely low density makes it a real anomaly among the more than five thousand exoplanets discovered to date. This extremely-low-density cannot be reproduced by standard models of irradiated gas giants, even under the unrealistic assumption of a coreless structure."

The new planet was initially spotted by the Wide Angle Search for Planets (WASP), an international collaboration of academic institutions that together operated two robotic observatories, one in the northern hemisphere and the other in the south. Each observatory used an array of wide-angle cameras to measure the brightness of thousands of individual stars across the entire sky. In data taken between 2006 and 2008, and again from 2011 to 2012, the WASP-South observatory detected periodic transits, or dips in light, from the star WASP-193. Astronomers determined that the star's periodic dips in brightness were consistent with a planet passing in front of the star every 6.25 days. The scientists measured the amount of light the planet blocked with each transit, which gave them an estimate of the planet's size.

The team used then the TRAPPIST-South and SPECULOOS-South observatories -- directed by Michael Gillon, FNRS Research Director and astrophysicist at ULiege -- located in the Atacama Desert in Chile to measure the planetary signal in different wavelengths and to validate the planetary nature of the eclipsing object. Finally, they also used spectroscopic observations collected by the HARPS and CORALIE spectrographs -- also located in Chile (ESO)- to measure the mass of the planet. To their great surprise, the accumulated measurements revealed an extremely low density for the planet. Its mass and its size, they calculated, were about 0.14 and 1.5 that of Jupiter, respectively. The resulting density came out to about 0.059 grams per cubic centimeter. Jupiter's density, in contrast, is about 1.33 grams per cubic centimeter; and Earth is a more substantial 5.51 grams per cubic centimeter. One of the materials closest in density to the new, puffy planet, is cotton candy, which has a density of about 0.05 grams per cubic centimeter.

"The planet is so light that it's difficult to think of an analogous, solid-state material," says Julien de Wit, professor at Massachusetts Institute of Technology (MIT) and co-author. "The reason why it's close to cotton candy is because both are pretty much air. The planet is basically super fluffy."

The researchers suspect that the new planet is made mostly from hydrogen and helium, like most other gas giants in the galaxy. For WASP-193b, these gases likely form a hugely inflated atmosphere that extends tens of thousands of kilometers farther than Jupiter's own atmosphere. Exactly how a planet can inflate so much is a question that no existing theory of planetary formation can yet answer. It certainly requires a significant deposit of energy deep into the planet's interior, but the details of the mechanism are not yet understood. "We don't know where to put this planet in all the formation theories we have right now, because it's an outlier of all of them. We cannot explain how this planet was formed. Looking more closely at its atmosphere will allow us to constrain an evolutionary path of this planet, adds Francisco Pozuelos, astronomer at the Instituto de Astrofisica de Andalucia (IAA-CSIC, Granada, Spain)."

"WASP-193b is a cosmic mystery. Solving it will require some more observational and theoretical work, notably to measure its atmospheric properties with the JWST space telescope and to confront them to different theoretical mechanisms that possibly result in such an extreme inflation", concludes Khalid Barkaoui.
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Researchers discover the universe's oldest stars in our own galactic backyard | ScienceDaily
MIT researchers, including several undergraduate students, have discovered three of the oldest stars in the universe, and they happen to live in our own galactic neighborhood.


						
The team spotted the stars in the Milky Way's "halo" -- the cloud of stars that envelopes the entire main galactic disk. Based on the team's analysis, the three stars formed between 12 and 13 billion years ago, the time when the very first galaxies were taking shape.

The researchers have coined the stars "SASS," for Small Accreted Stellar System stars, as they believe each star once belonged to its own small, primitive galaxy that was later absorbed by the larger but still growing Milky Way. Today, the three stars are all that are left of their respective galaxies. They circle the outskirts of the Milky Way, where the team suspects there may be more such ancient stellar survivors.

"These oldest stars should definitely be there, given what we know of galaxy formation," says MIT professor of physics Anna Frebel. "They are part of our cosmic family tree. And we now have a new way to find them."

As they uncover similar SASS stars, the researchers hope to use them as analogs of ultrafaint dwarf galaxies, which are thought to be some of the universe's surviving first galaxies. Such galaxies are still intact today but are too distant and faint for astronomers to study in depth. As SASS stars may have once belonged to similarly primitive dwarf galaxies but are in the Milky Way and as such much closer, they could be an accessible key to understanding the evolution of ultrafaint dwarf galaxies.

"Now we can look for more analogs in the Milky Way, that are much brighter, and study their chemical evolution without having to chase these extremely faint stars," Frebel says.

She and her colleagues have published their findings today in the Monthly Notices of the Royal Astronomical Society (MNRAS). The study's co-authors are Mohammad Mardini, at Zarqa University, in Jordan; Hillary Andales '23; and current MIT undergraduates Ananda Santos and Casey Fienberg.




Stellar frontier

The team's discoveries grew out of a classroom concept. During the 2022 fall semester, Frebel launched a new course, 8.S30(Observational Stellar Archaeology), in which students learned techniques for analyzing ancient stars and then applied those tools to stars that had never been studied before, to determine their origins.

"While most of our classes are taught from the ground up, this class immediately put us at the frontier of research in astrophysics," Andales says.

The students worked from star data collected by Frebel over the years from the 6.5-meter Magellan-Clay telescope at the Las Campanas Observatory. She keeps hard copies of the data in a large binder in her office, which the students combed through to look for stars of interest.

In particular, they were searching ancient stars that formed soon after the Big Bang, which occurred 13.8 billion years ago. At this time, the universe was made mostly of hydrogen and helium and very low abundances of other chemical elements, such as strontium and barium. So, the students looked through Frebel's binder for stars with spectra, or measurements of starlight, that indicated low abundances of strontium and barium.

Their search narrowed in on three stars that were originally observed by the Magellan telescope between 2013 and 2014. Astronomers never followed up on these particular stars to interpret their spectra and deduce their origins. They were, then, perfect candidates for the students in Frebel's class.




The students learned how to characterize a star in order to prepare for the analysis of the spectra for each of the three stars. They were able to determine the chemical composition of each one with various stellar models. The intensity of a particular feature in the stellar spectrum, corresponding to a specific wavelength of light, corresponds to a particular abundance of a specific element.

After finalizing their analysis, the students were able to confidently conclude that the three stars did hold very low abundances of strontium, barium, and other elements such as iron, compared to their reference star -- our own sun. In fact, one star contained less than 1/10,000 the amount of iron to helium compared to the sun today.

"It took a lot of hours staring at a computer, and a lot of debugging, frantically texting and emailing each other to figure this out," Santos recalls. "It was a big learning curve, and a special experience."

"On the run"

The stars' low chemical abundance did hint that they originally formed 12 to 13 billion years ago. In fact, their low chemical signatures were similar to what astronomers had previously measured for some ancient, ultrafaint dwarf galaxies. Did the team's stars originate in similar galaxies? And how did they come to be in the Milky Way?

On a hunch, the scientists checked out the stars' orbital patterns and how they move across the sky. The three stars are in different locations throughout the Milky Way's halo and are estimated to be about 30,000 light years from Earth. (For reference, the disk of the Milky Way spans 100,000 light years across.)

As they retraced each star's motion about the galactic center using observations from the Gaia astrometric satellite, the team noticed a curious thing: Relative to most of the stars in the main disk, which move like cars on a racetrack, all three stars seemed to be going the wrong way. In astronomy, this is known as "retrograde motion" and is a tipoff that an object was once "accreted," or drawn in from elsewhere.

"The only way you can have stars going the wrong way from the rest of the gang is if you threw them in the wrong way," Frebel says.

The fact that these three stars were orbiting in completely different ways from the rest of the galactic disk and even the halo, combined with the fact that they held low chemical abundances, made a strong case that the stars were indeed ancient and once belonged to older, smaller dwarf galaxies that fell into the Milky Way at random angles and continued their stubborn trajectories billions of years later.

Frebel, curious as to whether retrograde motion was a feature of other ancient stars in the halo that astronomers previously analyzed, looked through the scientific literature and found 65 other stars, also with low strontium and barium abundances, that appeared to also be going against the galactic flow.

"Interestingly they're all quite fast -- hundreds of kilometers per second, going the wrong way," Frebel says. "They're on the run! We don't know why that's the case, but it was the piece to the puzzle that we needed, and that I didn't quite anticipate when we started."

The team is eager to search out other ancient SASS stars, and they now have a relatively simple recipe to do so: First, look for stars with low chemical abundances, and then track their orbital patterns for signs of retrograde motion. Of the more than 400 billion stars in the Milky Way, they anticipate that the method will turn up a small but significant number of the universe's oldest stars.

Frebel plans to relaunch the class this fall, and looks back at that first course, and the three students who took their results through to publication, with admiration and gratitude.

"It's been awesome to work with three women undergrads. That's a first for me," she says. "It's really an example of the MIT way. We do. And whoever says, 'I want to participate,' they can do that, and good things happen."

This research was supported, in part, by the National Science Foundation.
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Cats purrfectly demonstrate what it takes to trust robots | ScienceDaily
Would you trust a robot to look after your cat? New research suggests it takes more than a carefully designed robot to care for your cat, the environment in which they operate is also vital, as well as human interaction.


						
Cat Royale is a unique collaboration between Computer Scientists from the University of Nottingham and artists at Blast Theory who worked together to create a multispecies world centred around a be-spoke enclosure in which three cats and a robot arm coexist for six hours a day during a twelve-day installation as part of an artist-led project. The installation was launched in 2023 at the World Science Festival in Brisbane, Australia and has been touring since, it has just won a Webby award for its creative experience.

The research paper, "Designing Multispecies Worlds for Robots, Cats, and Humans" has just been presented at the annual Computer-Human Conference (CHI'24) where it won best paper. It outlines how designing the technology and its interactions is not sufficient, but that it is equally important to consider the design of the `world' in which the technology operates. The research also highlights the necessity of human involvement in areas such as breakdown recovery, animal welfare, and their role as audience.

Cat Royale centred around a robot arm offering activities to make the cats happier, these included dragging a 'mouse' toy along the floor, raising a feather 'bird' into the air, and even offering them treats to eat. The team then trained an AI to learn what games the cats liked best so that it could personalise their experiences.

"At first glance, the project is about designing a robot to enrich the lives of a family of cats by playing with them. " commented Professor Steve Benford from the University of Nottingham who led the research, "Under the surface, however, it explores the question of what it takes to trust a robot to look after our loved ones and potentially ourselves."

Working with Blast Theory to develop and then study Cat Royale, the research team gained important insights into the design of robots and its interactions with the cats. They had to design the robot to pick up toys, deploy them in ways that excited the cats, while it learned which games each cat liked. They also designed the entire world in which the cats and the robot lived, providing safe spaces for the cats to observe the robot and from which to sneak up on it, and decorating it so that the robot had the best chance of spotting the approaching cats.

The implication is designing robots involves interior design as well as engineering and AI. If you want to introduce robots into your home to look after your loved ones, then you will likely need to redesign your home.

Research workshops for Cat Royale were held at the Univeraity of Nottingham's unique Cobotmaker Space where stakeholders were bought together to think about the design of the robot /welfare of cats. Eike Schneiders, Transitional Assistant Professor in the Mixed Reality Lab at the University of Nottingham worked on the design, he said: "As we learned through Cat Royale, creating a multispecies system -- where cats, robots, and humans are all accounted for -- takes more than just designing the robot. We had to ensure animal wellbeing at all times, while simultaneously ensuring that the interactive installation engaged the (human) audiences around the world. This involved consideration of many elements, including the design of the enclosure, the robot and its underlying systems, the various roles of the humans-in-the-loop, and, of course, the selection of the cats."
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World's largest hummingbird is actually two species | ScienceDaily
The Giant Hummingbird of western South America is not one species but two, according to an international group of researchers. The northern population stays in the high Andes year-round while the southern population migrates from sea level up to 14,000 feet for the nonbreeding months. The two species appear identical. But looks deceive -- their genomes and behaviors tell a different story. The paper announcing the find was published this week in the journal Proceedings of the National Academy of Sciences.


						
"These are amazing birds," said lead author Jessie Williamson, a National Science Foundation Postdoctoral Fellow and Rose Postdoctoral Fellow at the Cornell Lab of Ornithology. "They're about eight times the size of a Ruby-throated Hummingbird. We knew that some Giant Hummingbirds migrated, but until we sequenced genomes from the two populations, we had never realized just how different they are."

"They are as different from each other as chimpanzees are from bonobos," said senior author Chris Witt at the University of New Mexico. "The two species do overlap on their high elevation wintering grounds. It's mind-boggling that until now nobody figured out the Giant Hummingbird mystery, yet these two species have been separate for millions of years. "

At first, the research goal was simply to learn where the migratory population went -- a journey tracked with geolocators and satellite transmitters. The researchers actually tracked 8 individual hummingbirds migrating up to 5,200 miles from the Chilean coast up to the Andes of Peru and back. Williamson says that's one of the longest, if not the longest hummingbird migration in the world. The out-and-back journey is longer than the distance from New York City to Istanbul, Turkey.

The authors say the shift in migratory behavior is what drove speciation, though there's no way to tell whether migratory behavior was gained by one species or lost by the other. Until now, there had been only one known species on this branch of the hummingbird family tree, while the Giant Hummingbird's closest relatives -- the world's smallest hummingbirds -- diversified into 165 distinct hummingbird species.

The researchers are proposing straightforward common names: Northern Giant Hummingbird and Southern Giant Hummingbird. The southern migrant species will retain the Latin name, Patagona gigas. The proposed scientific name for the resident northern population is Patagona chaski. "Chaski" is Quechua for "messenger." Quechua is the name for a family of Indigenous languages that spread from Peru to other neighboring countries.

The researchers relied on support and local knowledge from landowners and villages in Peru and Chile. Co-author Emil Bautista's village in Peru was a homebase for this project and the community supported the scientists' work. But even with more than 15 years of field experience, Bautista admits this fieldwork was the hardest he's ever done.




"Capturing Giant Hummingbirds is very challenging," he said. "They watch everything and they know their territories well. We had to be strategic in choosing sites for our nets. If Giant Hummingbirds see something unusual, they won't visit that spot. They are more observant than other birds."

Right now, Giant Hummingbird populations, north and south, are stable and the species are common within their ranges -- some even visit backyard nectar feeders. The team plans to continue research on these enigmatic birds.

"We have to figure out where these two forms come together and how they interact," said Witt. "Do they compete, is one dominant over the other, how might they partition resources, and do they mix or spatially segregate within the winter range? Lots of interesting questions to pursue!"

"I'm really interested in how Southern Giant Hummingbirds make such dramatic shifts in elevation during migration. They travel from sea level to the high Andes in just a few weeks," said Williamson. "They're like miniature mountain climbers. How do they change their physiology to facilitate these movements?"
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Nature's 3D printer: Bristle worms form bristles piece by piece | ScienceDaily
A new interdisciplinary study led by molecular biologist Florian Raible from the Max Perutz Labs at the University of Vienna provides exciting insights into the bristles of the marine annelid worm Platynereis dumerilii. Specialized cells, so-called chaetoblasts, control the formation of the bristles. Their mode of operation is astonishingly similar to that of a technical 3D printer. The project is a collaboration with researchers from the University of Helsinki, Vienna University of Technology and Masaryk University in Brno. The study was recently published in the journal Nature Communications.


						
Chitin is the primary building material both for the exoskeleton of insects and for the bristles of bristle worms such as the marine annelid worm Platynereis dumerilii. However, the bristle worms have a somewhat softer chitin -- the so-called beta chitin -- which is particularly interesting for biomedical applications. The bristles allow the worms to move around in the water. How exactly the chitin is formed into distinct bristles has so far remained enigmatic. The new study now provides exciting insight into this special biogenesis. Florian Raible explains: "The process begins with the tip of the bristle, followed by the middle section and finally the base of the bristles. The finished parts are pushed further and further out of the body. In this development process, the important functional units are created one after the other, piece by piece, which is similar to 3D printing."

A better understanding of processes such as these also holds potential for the development of future medical products or for the production of naturally degradable materials. Beta-chitin from the dorsal shell of squid, for example, is currently used as a raw material for the production of particularly well-tolerated wound dressings. "Perhaps in the future it will also be possible to use annelid cells to produce this material," says Raible.

The exact biological background to this: so-called chaetoblasts play a central role in this process. Chaetoblasts are specialized cells with long surface structures, so-called microvilli. These microvilli harbor a specific enzyme that the researches could show to be responsible for the formation of chitin, the material from which the bristles are ultimately made. The researchers' results show a dynamic cell surface characterized by geometrically arranged microvilli.

The individual microvilli have a similar function to the nozzles of a 3D printer. Florian Raible explains: "Our analysis suggests that the chitin is produced by the individual microvilli of the chaetoblast cell. The precise change in the number and shape of these microvilli over time is therefore the key to shaping the geometric structures of the individual bristles, such as individual teeth on the bristle tip, which are precise down to the sub-micrometer range." The bristles usually develop within just two days and can have different shapes; depending on the worm's stage of development, they are shorter or longer, more pointed or flatter.

In addition to the local collaboration with the Vienna University of Technology and imaging specialists from the University of Brno, the cooperation with the Jokitalo laboratory at the University of Helsinki proved to be a great benefit for the researchers at the University of Vienna. Using their expertise in serial block-face scanning electron microscopy (SBF-SEM), the researchers investigated the arrangement of microvilli in the bristle formation process and proposed a 3D model for the synthesis of bristle formation. First author Kyojiro Ikeda from the University of Vienna explains: "Standard electron tomography is very labor-intensive, as the cutting of the samples and their examination in the electron microscope must be done manually. With this approach, however, we can reliably automate the analysis of thousands of layers."

The Raible group is currently working on improving the resolution of the observation in order to reveal even more details about bristle biogenesis.
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AI systems are already skilled at deceiving and manipulating humans | ScienceDaily
Many artificial intelligence (AI) systems have already learned how to deceive humans, even systems that have been trained to be helpful and honest. In a review article publishing in the journal Patterns on May 10, researchers describe the risks of deception by AI systems and call for governments to develop strong regulations to address this issue as soon as possible.


						
"AI developers do not have a confident understanding of what causes undesirable AI behaviors like deception," says first author Peter S. Park, an AI existential safety postdoctoral fellow at MIT. "But generally speaking, we think AI deception arises because a deception-based strategy turned out to be the best way to perform well at the given AI's training task. Deception helps them achieve their goals."

Park and colleagues analyzed literature focusing on ways in which AI systems spread false information -- through learned deception, in which they systematically learn to manipulate others.

The most striking example of AI deception the researchers uncovered in their analysis was Meta's CICERO, an AI system designed to play the game Diplomacy, which is a world-conquest game that involves building alliances. Even though Meta claims it trained CICERO to be "largely honest and helpful" and to "never intentionally backstab" its human allies while playing the game, the data the company published along with its Science paper revealed that CICERO didn't play fair.

"We found that Meta's AI had learned to be a master of deception," says Park. "While Meta succeeded in training its AI to win in the game of Diplomacy -- CICERO placed in the top 10% of human players who had played more than one game -- Meta failed to train its AI to win honestly."

Other AI systems demonstrated the ability to bluff in a game of Texas hold 'em poker against professional human players, to fake attacks during the strategy game Starcraft II in order to defeat opponents, and to misrepresent their preferences in order to gain the upper hand in economic negotiations.

While it may seem harmless if AI systems cheat at games, it can lead to "breakthroughs in deceptive AI capabilities" that can spiral into more advanced forms of AI deception in the future, Park added.




Some AI systems have even learned to cheat tests designed to evaluate their safety, the researchers found. In one study, AI organisms in a digital simulator "played dead" in order to trick a test built to eliminate AI systems that rapidly replicate.

"By systematically cheating the safety tests imposed on it by human developers and regulators, a deceptive AI can lead us humans into a false sense of security," says Park.

The major near-term risks of deceptive AI include making it easier for hostile actors to commit fraud and tamper with elections, warns Park. Eventually, if these systems can refine this unsettling skill set, humans could lose control of them, he says.

"We as a society need as much time as we can get to prepare for the more advanced deception of future AI products and open-source models," says Park. "As the deceptive capabilities of AI systems become more advanced, the dangers they pose to society will become increasingly serious."

While Park and his colleagues do not think society has the right measure in place yet to address AI deception, they are encouraged that policymakers have begun taking the issue seriously through measures such as the EU AI Act and President Biden's AI Executive Order. But it remains to be seen, Park says, whether policies designed to mitigate AI deception can be strictly enforced given that AI developers do not yet have the techniques to keep these systems in check.

"If banning AI deception is politically infeasible at the current moment, we recommend that deceptive AI systems be classified as high risk," says Park.

This work was supported by the MIT Department of Physics and the Beneficial AI Foundation.
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Good vibrations: New tech may lead to smaller, more powerful wireless devices | ScienceDaily
What if your earbuds could do everything your smartphone can do already, except better? What sounds a bit like science fiction may actually not be so far off. A new class of synthetic materials could herald the next revolution of wireless technologies, enabling devices to be smaller, require less signal strength and use less power.


						
The key to these advances lies in what experts call phononics, which is similar to photonics. Both take advantage of similar physical laws and offer new ways to advance technology. While photonics takes advantage of photons -- or light -- phononics does the same with phonons, which are the physical particles that transmit mechanical vibrations through a material, akin to sound, but at frequencies much too high to hear.

In a paper published in Nature Materials, researchers at the University of Arizona Wyant College of Optical Sciences and Sandia National Laboratories report clearing a major milestone toward real-world applications based on phononics. By combining highly specialized semiconductor materials and piezoelectric materials not typically used together, the researchers were able to generate giant nonlinear interactions between phonons. Together with previous innovations demonstrating amplifiers for phonons using the same materials, this opens up the possibility of making wireless devices such as smartphones or other data transmitters smaller, more efficient and more powerful.

"Most people would probably be surprised to hear that there are something like 30 filters inside their cell phone whose sole job it is to transform radio waves into sound waves and back," said the study's senior author, Matt Eichenfield, who holds a joint appointment at the UArizona College of Optical Sciences and Sandia National Laboratories in Albuquerque, New Mexico.

Part of what are known as front-end processors, these piezoelectric filters, made on special microchips, are necessary to convert sound and electronic waves multiple times each time a smartphone receives or sends data, he said. Because these can't be made out of the same materials, such as silicon, as the other critically important chips in the front-end processor, the physical size of your device is much bigger than it needs to be, and along the way, there are losses from going back and forth between radio waves and sound waves that add up and degrade the performance, Eichenfield said.

"Normally, phonons behave in a completely linear fashion, meaning they don't interact with each other," he said. "It's a bit like shining one laser pointer beam through another; they just go through each other."

Nonlinear phononics refers to what happens in special materials when the phonons can and do interact with each other, Eichenfield said. In the paper, the researchers demonstrated what he calls "giant phononic nonlinearities." The synthetic materials produced by the research team caused the phonons to interact with each other much more strongly than in any conventional material.




"In the laser pointer analogy, this would be like changing the frequency of the photons in the first laser pointer when you turn on the second," he said. "As a result, you'd see the beam from the first one changing color."

With the new phononics materials, the researchers demonstrated that one beam of phonons can, in fact, change the frequency of another beam. What's more, they showed that phonons can be manipulated in ways that could only be realized with transistor-based electronics -- until now.

The group has been working toward the goal of making all of the components needed for radio frequency signal processors using acoustic wave technologies instead of transistor-based electronics on a single chip, in a way that's compatible with standard microprocessor manufacturing, and the latest publication proves that it can be done. Previously, the researchers succeeded in making acoustic components including amplifiers, switches and others. With the acoustic mixers described in the latest publication, they have added the last piece of the puzzle.

"Now, you can point to every component in a diagram of a radiofrequency front-end processor and say, 'Yeah, I can make all of these on one chip with acoustic waves,'" Eichenfield said. "We're ready to move on to making the whole shebang in the acoustic domain."

Having all the components needed to make a radio frequency front end on a single chip could shrink devices such as cell phones and other wireless communication gadgets by as much as a factor of a 100, according to Eichenfield.

The team accomplished its proof of principle by combining highly specialized materials into microelectronics-sized devices through which they sent acoustic waves. Specifically, they took a silicon wafer with a thin layer of lithium niobate -- a synthetic material used extensively in piezoelectronic devices and cell phones -- and added an ultra-thin layer (fewer than 100 atoms thick) of a semiconductor containing indium gallium arsenide.




"When we combined these materials in just the right way, we were able to experimentally access a new regime of phononic nonlinearity," said Sandia engineer Lisa Hackett, the lead author on the paper. "This means we have a path forward to inventing high-performance tech for sending and receiving radio waves that's smaller than has ever been possible."

In this setup, acoustic waves moving through the system behave in nonlinear ways when they travel through the materials. This effect can be used to change frequencies and encode information. A staple of photonics, nonlinear effects have long been used to make things like invisible laser light into visible laser pointers, but taking advantage of nonlinear effects in phononics has been hindered by limitations in technology and materials. For example, while lithium niobate is one of the most nonlinear phononic materials known, its usefulness for technical applications is hindered by the fact that those nonlinearities are very weak when used on its own.

By adding the indium-gallium arsenide semiconductor, Eichenfield's group created an environment in which the acoustic waves traveling through the material influence the distribution of electrical charges in the indium gallium arsenide semiconductor film, causing the acoustic waves to mix in specific ways that can be controlled, opening up the system to various applications.

"The effective nonlinearity you can generate with these materials is hundreds or even thousands of times larger than was possible before, which is crazy," Eichenfield said. "If you could do the same for nonlinear optics, you would revolutionize the field."

With physical size being one of the fundamental limitations of current, state-of-the-art radiofrequency processing hardware, the new technology could open the door to electronic devices that are even more capable than their current counterparts, according to the authors. Communication devices that take virtually no space, have better signal coverage and longer battery life, are on the horizon.
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Squeezed by neighbors, planet glows with molten lava | ScienceDaily
UC Riverside astrophysicist Stephen Kane had to double check his calculations. He wasn't sure the planet he was studying could be as extreme as it seemed.


						
Kane never expected to learn that a planet in this faraway star system is covered with so many active volcanoes that seen from a distance it would take on a fiery, glowing-red hue.

"It was one of those discovery moments that you think, 'wow, it's amazing this can actually exist," Kane said. A paper detailing the discovery has been published in The Astronomical Journal.

Launched in 2018, NASA's Transiting Exoplanet Survey Satellite, or TESS, searches for exoplanets -- planets outside our solar system -- that orbit the brightest stars in the sky, including those that could support life.

Kane was studying a star system called HD 104067 about 66 light years away from our sun that was already known to harbor a giant planet. TESS had just discovered signals for a new rocky planet in that system. In gathering data about that planet, he unexpectedly found yet another one, bringing the total number of known planets in the system to three.

The new TESS-discovered planet is a rocky planet like Earth, but 30% larger. However, unlike Earth, it has more in common with Io, Jupiter's rocky innermost moon and the most volcanically active body in our solar system.

"This is a terrestrial planet that I would describe as Io on steroids," Kane said. "It's been forced into a situation where it's constantly exploding with volcanoes. At optical wavelengths you would be able to see a glowing, red-hot planet with a molten lava surface."

Kane calculated that the surface temperature of the new planet, TOI-6713.01, would be 2,600 degrees Kelvin, which is hotter than some stars.




Gravitational forces are to blame for the volcanic activity both on Io and on this planet. Io is very close to Jupiter. Kane explained that Jupiter's other moons force Io into an elliptical or "eccentric" orbit around the planet, which itself has a very strong gravitational pull.

"If the other moons weren't there, Io would be in a circular orbit around the planet, and it would be quiet on the surface. Instead, Jupiter's gravity squeezes Io so much that it erupts in volcanoes constantly," Kane said.

Similarly, there are two planets in the HD 104067 system that are farther away from the star than this new planet. Those outer planets are also forcing the inner rocky planet into an eccentric orbit around the star that squeezes it as it orbits and rotates.

Kane likens this scenario to racquetball, where the small rubber game ball bounces more and gets hotter as it is constantly hit with paddles. This effect is called tidal energy, a term used when referencing one body's gravitational effect on another body. On Earth, tides are mostly the result of the moon's gravity dragging our oceans along.

Moving forward, Kane and his colleagues would like to measure the mass of the flaming planet and learn its density. This would tell them how much material is available to blow out of the volcanoes.

Kane said that tidal effects on planets hasn't historically been a big focus of exoplanet research. Perhaps that will change with this discovery.

"This teaches us a lot about the extremes of how much energy can be pumped into a terrestrial planet, and the consequences of that," Kane said. "While we know that stars contribute to the heat of a planet, the vast majority of the energy here is tidal and that cannot be ignored."
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A fragment of human brain, mapped in exquisite detail | ScienceDaily
A cubic millimeter of brain tissue may not sound like much. But considering that tiny square contains 57,000 cells, 230 millimeters of blood vessels, and 150 million synapses, all amounting to 1,400 terabytes of data, Harvard and Google researchers have just accomplished something enormous.   


						
A Harvard team led by Jeff Lichtman, the Jeremy R. Knowles Professor of Molecular and Cellular Biology and newly appointed dean of science, has co-created with Google researchers the largest synaptic-resolution, 3D reconstruction of a piece of human brain to date, showing in vivid detail each cell and its web of neural connections in a piece of human temporal cortex about half the size of a rice grain.

The feat, published in Science, is the latest in a nearly 10-year collaboration with scientists at Google Research, who combine Lichtman's electron microscopy imaging with AI algorithms to color-code and reconstruct the extremely complex wiring of mammal brains. The paper's three co-first authors are former Harvard postdoctoral researcher Alexander Shapson-Coe; Micha? Januszewski of Google Research, and Harvard postdoctoral researcher Daniel Berger.

The collaboration's ultimate goal, supported by the National Institutes of Health BRAIN Initiative, is to create a high-resolution map of a whole mouse brain's neural wiring, which would entail about 1,000 times the amount of data they just produced from the 1-cubic-millimeter fragment of human cortex.  

"The word 'fragment' is ironic," Lichtman said. "A terabyte is, for most people, gigantic, yet a fragment of a human brain - just a miniscule, teeny-weeny little bit of human brain - is still thousands of terabytes."  

The latest map in Science contains never-before-seen details of brain structure, including a rare but powerful set of axons connected by up to 50 synapses. The team also noted oddities in the tissue, such as a small number of axons that formed extensive whorls. Since their sample was taken from a patient with epilepsy, they're unsure if such unusual formations are pathological or simply rare.

Lichtman's field is "connectomics," which, analogous to genomics, seeks to create comprehensive catalogues of brain structure, down to individual cells and wiring. Such completed maps would light the way toward new insights into brain function and disease, about which scientists still know very little.

Google's state-of-the-art AI algorithms allow for reconstruction and mapping of brain tissue in three dimensions. The team has also developed a suite of publicly available tools researchers can use to examine and annotate the connectome.

"Given the enormous investment put into this project, it was important to present the results in a way that anybody else can now go and benefit from them," said Google Research collaborator Viren Jain.

Next the team will tackle the mouse hippocampal formation, which is important to neuroscience for its role in memory and neurological disease.
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