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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.


      
        Solar technology: Innovative light-harvesting system works very efficiently
        Researchers are reporting progress on the road to more efficient utilization of solar energy: They have developed an innovative light-harvesting system.

      

      
        Almonds, pottery, wood help date famed Kyrenia shipwreck
        Researchers have identified the likeliest timeline of the famous Hellenistic-era Kyrenia shipwreck, discovered and recovered off the north coast of Cyprus in the 1960s.

      

      
        How do our memories last a lifetime? New study offers a biological explanation
        A new study by a team of international researchers has uncovered a biological explanation for long-term memories. It centers on the discovery of the role of a molecule, KIBRA, that serves as a 'glue' to other molecules, thereby solidifying memory formation.

      

      
        Ocean's loss of oxygen caused massive Jurassic extinction: Could it happen again?
        Researchers have found a chemical clue in Italian limestone that explains a mass extinction of marine life in the Early Jurassic period, 183 million years ago. Volcanic activity pumped out CO2, warming oceans and lowering their oxygen levels. The findings may foretell the impact climate change and oxygen depletion might have on today's oceans.

      

      
        Shocked quartz reveals evidence of historical cosmic airburst
        Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.

      

      
        Pillars of creation star in new visualization from NASA's Hubble and Webb telescopes
        Made famous in 1995 by NASA's Hubble Space Telescope, the Pillars of Creation in the heart of the Eagle Nebula have captured imaginations worldwide with their arresting, ethereal beauty. Now, NASA has released a new 3D visualization of these towering celestial structures using data from NASA's Hubble and James Webb space telescopes. This is the most comprehensive and detailed multiwavelength movie yet of these star-birthing clouds.

      

      
        Iceland's volcano eruptions may last decades
        Scientists predict from geochemical data that Iceland is entering a new volcanic era that will last for decades, possibly centuries. Under an hour's drive from the country's capital city, the ongoing eruptions pose considerable risks for economic disruption, and they leave evacuated communities uncertain of a possible return.

      

      
        Surprising phosphate finding in NASA's OSIRIS-REx asteroid sample
        Early analysis of the asteroid Bennu sample returned by NASA's OSIRIS-REx mission has revealed dust rich in carbon, nitrogen, and organic compounds, all of which are essential components for life as we know it. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth. The magnesium-sodium phosphate found in the sample hints that the asteroid could have splintered off from an ancient, small, primitive ocean world.

      

      
        Dancers are less neurotic
        A study has shown that both amateur and professional dancers are less neurotic than people who do not dance. They are also more agreeable, more open, and more extraverted.

      

      
        Changing the game for sports emergency action plans
        A national position statement on emergency action plan development and implementation in sports from an athletic training researcher sets in motion new priorities for responding to catastrophic injuries. The recommendations apply to sports through all levels, from youth to high school to collegiate and professional leagues.

      

      
        Light-weight microscope captures large-scale brain activity of mice on the move
        With a new microscope that's as light as a penny, researchers can now observe broad swaths of the brain in action as mice move about and interact with their environments.

      

      
        Rewriting the armadillo family tree: A new species, plus a name change for the state mammal of Texas
        The nine-banded armadillo, which ranges all the way from Argentina to Nebraska, is actually four separate species. One of the species, the Guianan long-nosed armadillo, is new to science. Meanwhile, the species that has migrated from Mexico to the United States (and is the official small mammal of Texas) is now called the Mexican long-nosed armadillo.

      

      
        Zebrafish reveal how bioelectricity shapes muscle development
        New research describes how nerve cells and muscle cells communicate through electrical signals during development -- a phenomenon known as bioelectricity. The communication, which takes place via specialized channels between cells, is vital for proper development and behavior. The study identifies specific genes that control the process, and pins down what happens when it goes wrong. The finding offers clues to the genetic origins of muscle disorders in humans.

      

      
        'A hearty debate' concludes plant-based meat alternatives are healthier for your heart than meat
        Even though there is substantial variability in the contents and nutritional profiles of plant-based meat alternatives (PBMAs), the nutritional profiles tend to reflect a heart-healthy dietary pattern. A review article of the available studies directly comparing the impact of plant-based and animal-based meats consistently suggests that the plant-based alternatives improve cardiovascular risk factors.

      

      
        Non-stop flight: 4,200 km transatlantic flight of the Painted Lady butterfly mapped
        In October 2013 a researcher made a surprising discovery of Painted Lady Butterflies on the Atlantic beaches of French Guiana -- a species not typically found in South America. This unusual sighting prompted an international study to investigate the origin of these butterflies.

      

      
        Adolescents today are more satisfied with being single
        Young people aged 14 to 20 years are nowadays more satisfied with being single than their counterparts ten years ago.

      

      
        For many urban residents, it's even hotter than their weather app says
        There's a strong chance that last week's scorching temperatures were even hotter than reported for those living in underserved urban areas. New research from environmental engineers has shown that citizen science tools used to gauge heat in these urban areas likely understate the problem of heat islands due to a lack of weather stations. The researchers also suggest a statistical method to improve estimates of urban heat.

      

      
        Researchers develop new training technique that aims to make AI systems less socially biased
        Researchers have created a new, cost-effective training technique for artificial intelligence systems that aims to make them less socially biased.

      

      
        How uncertainty builds anxiety
        Alfred Hitchcock observed that 'There is no terror in the bang, only in the anticipation of it.' A common way to build suspense in a movie scene is for the audience to know something bad is going to happen, but not when it is going to happen. But how does uncertainty work to ratchet up our anxiety? Researchers took a deeper look into what builds fear.

      

      
        Researchers discover new flat electronic bands, paving way for advanced quantum materials
        Scientists predict the existence of flat electronic bands at the Fermi level, a finding that could enable new forms of quantum computing and electronic devices.

      

      
        Conversation Is Changing: Why people speak more alike today
        Over a 20-year period people from these sectors changed their behavior -- resonating with one another significantly more than they used to and gearing towards a more engaging style. We talk like others to be more inclusive and 'resonate' with them.

      

      
        Your future medications could be personalized for you on a 3D printer
        Scientists are helping to develop standards and safety protocols that would allow pharmacies to print drugs onsite at a dosage best for you.

      

      
        Next platform for brain-inspired computing
        Computers have come so far in terms of their power and potential, rivaling and even eclipsing human brains in their ability to store and crunch data, make predictions and communicate. But there is one domain where human brains continue to dominate: energy efficiency.

      

      
        Wildfires increasingly threaten oil and gas drill sites, compounding potential health risks
        More than 100,000 oil and gas wells across the western U.S. are in areas burned by wildfires in recent decades, a new study has found, and some 3 million people live next to wells that in the future could be in the path of fires worsened by climate change.

      

      
        Team aims to improve safety of fertilizers made from wastewater sludge
        Fertilizers manufactured from the sludgy leftovers of wastewater treatment processes can contain traces of potentially hazardous organic chemicals, according to a new study. The research provides one of the most comprehensive looks at the chemical composition of so-called biosolids across the country and is the first step toward identifying common chemical contaminants that may need government regulation.

      

      
        Moving objects precisely with sound
        Researchers have succeeded in directing floating objects around an aquatic obstacle course using only soundwaves. Their novel, optics-inspired method holds great promise for biomedical applications such as noninvasive targeted drug delivery.

      

      
        Telltale greenhouse gases could signal alien activity
        If aliens modified a planet in their solar system to make it warmer, we'd be able to tell. A new study identifies the artificial greenhouse gases that would be giveaways of a terraformed planet.

      

      
        Robots face the future
        Researchers have found a way to bind engineered skin tissue to the complex forms of humanoid robots. This brings with it potential benefits to robotic platforms such as increased mobility, self-healing abilities, embedded sensing capabilities and an increasingly lifelike appearance. Taking inspiration from human skin ligaments, the team included special perforations in a robot face, which helped a layer of skin take hold.

      

      
        Study finds better survival rates for recipients of lung from hospital-based donor care units compared to independent donor care units
        A new study examined the differences in lung transplant graft outcomes from organs recovered from the two types of deceased organ donor care facilities operating in the United States. The research offers insights that could improve the organ donation and transplantation process for patients across the nation.

      

      
        3D-printed chip sensor detects foodborne pathogens for safer products
        Researchers have developed a new method for detecting foodborne pathogens that is faster, cheaper, and more effective than existing methods. Their microfluidic chip uses light to detect multiple types of pathogens simultaneously and is created using 3D printing, making it easy to fabricate in large amounts and modify to target specific pathogens. The researchers hope their technique can improve screening processes and keep contaminated food out of the hands of consumers.

      

      
        Empathetic children may have poorer health in the face of interparental conflict
        Children who report being more empathetic are more likely to show signs of poorer health in the face of more interparental conflict than less empathetic children, according to a new study.

      

      
        Marsquakes may help reveal whether liquid water exists underground on red planet
        If liquid water exists today on Mars, it may be too deep underground to detect with traditional methods used on Earth. But listening to earthquakes that occur on Mars -- or marsquakes -- could offer a new tool in the search.

      

      
        Should you eat more dietary fiber? New study says it depends
        Nutritionists generally advise everyone to eat more dietary fiber, but a new study suggests that its effects on health can vary from person to person. The findings indicate that recommendations should be tailored to each individual's gut microbiome.

      

      
        Rising health care prices are driving unemployment and job losses
        Rising health care prices in the U.S. are leading employers outside the health care sector to reduce their payroll and decrease their number of employees, according to a new study. The study found that when health care prices increased, non-health care employers responded by reducing their payroll and cutting the jobs of middle-class workers. For the average county, a 1% increase in health care prices would reduce aggregate income in the area by approximately $8 million annually.

      

      
        First of its kind detection made in striking new Webb image
        For the first time, a phenomenon astronomers have long hoped to directly image has been captured by NASA's James Webb Space Telescope's Near-Infrared Camera (NIRCam). In this stunning image of the Serpens Nebula, the discovery lies in the northern area of this young, nearby star-forming region.

      

      
        Meet CARMEN, a robot that helps people with mild cognitive impairment
        Meet CARMEN, short for Cognitively Assistive Robot for Motivation and Neurorehabilitation -- a small, tabletop robot designed to help people with mild cognitive impairment (MCI) learn skills to improve memory, attention, and executive functioning at home.

      

      
        Geologists expect Chang'e-6 lunar surface samples to contain volcanic rock and impact ejecta
        On June 25, China's Chang'e-6 (CE-6) lunar probe is set to return to Earth, carrying the first surface samples collected from the farside of the Moon. In anticipation of this historic event, scientists are publishing their predictions for the unique materials that may be found in the CE-6 samples.

      

      
        Myths about intermittent fasting, debunked
        Research shows that the increasingly popular weight-loss strategy is safe. Intermittent fasting has become an increasingly popular way to lose weight without counting calories. And a large body of research has shown it s safe. Still, several myths about fasting have gained traction.

      

      
        Researchers develop RNA-targeting technology for precisely manipulating parts of human genes
        Researchers have harnessed a bacterial immune defense system, known as CRISPR, to efficiently and precisely control the process of RNA splicing. The technology opens the door to new applications, including systematically interrogating the functions of parts of genes and correcting splicing deficiencies that underlie numerous diseases and disorders.

      

      
        Facial recognition linked to close social bonds, not social butterflies
        Do you have trouble recognizing faces, or do you never forget a face? The better you are at facial recognition, the more supportive relationships you are likely to have, regardless of your personality type.

      

      
        Whoever controls electrolytes will pave the way for electric vehicles
        Team develops a commercially viable and safe gel electrolyte for lithium batteries.

      

      
        Rare Samoan discovery offers clues to origins of inequality
        The origins of hierarchical society in Samoa and wider Polynesia have likely been uncovered by a new study led by archaeologists.

      

      
        Drivers ready to embrace wireless EV technology
        Drivers are optimistic about 'on road' dynamic wireless charging that allows EV users to charge their batteries while driving -- but there are concerns.

      

      
        Fuel treatments reduce future wildfire severity
        There is a common belief that prescribed burning, thinning trees, and clearing underbrush reduce risks of the severity of future fires. But is that true? A new project analyzing 40 studies where wildfire burned into different vegetation treatments, spanning 11 western states. Researchers found overwhelming evidence that in seasonally dry mixed conifer forests in the western U.S., reducing surface and ladder fuels and tree density through thinning, coupled with prescribed burning or pile burning, ...

      

      
        Novel application of optical tweezers: Colorfully showing molecular energy transfer
        Using a novel non-contact approach, a research team has successfully controlled the speed and efficiency of Forster resonance energy transfer between fluorescent molecules by varying the intensity of a laser beam.

      

      
        Personalized magnetic stimulation may help in treating depression
        Not all patients with depression respond to medication. Two recently published studies provide additional information on how an alternative treatment, transcranial magnetic stimulation (TMS), could be further enhanced. Researchers developed more precise methods that could, in the future, help to develop individually tailored magnetic stimulation therapies for depression.

      

      
        The hippocampus, the cerebral conductor of our daily priorities
        How does our brain distinguish between urgent and less urgent goals? Researchers explored how our brain remembers and adjusts the goals we set ourselves on a daily basis. Their study reveals differences in the way we process immediate and distant goals, at both behavioral and cerebral levels. These discoveries, described in the journal Nature Communications, could have significant implications for understanding psychiatric disorders, particularly depression, which can hamper the formulation of cl...

      

      
        International collaboration lays the foundation for future AI for materials
        Artificial intelligence (AI) is accelerating the development of new materials. A prerequisite for AI in materials research is large-scale use and exchange of data on materials, which is facilitated by a broad international standard. A major international collaboration now presents an extended version of the OPTIMADE standard.

      

      
        New study confirms forever chemicals are absorbed through human skin
        A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.

      

      
        New study demonstrates the efficacy of a promising celiac disease drug at the molecular level
        A recent study investigated whether a transglutaminase 2 inhibitor has potential as a drug to treat celiac disease. Previous tissue studies have shown that the ZED1227 transglutaminase 2 inhibitor prevents gluten-induced intestinal damage. The results of the new study, based on an analysis of the molecular activity of more than 10,000 genes, provide very strong evidence that the first successful drug to treat celiac disease may be at hand.
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Solar technology: Innovative light-harvesting system works very efficiently | ScienceDaily
In order to convert sunlight into electricity or other forms of energy as efficiently as possible, the very first step is an efficient light-harvesting system. Ideally, this should be panchromatic, i.e. absorb the entire spectrum of visible light.


						
The light-collecting antennae of plants and bacteria are a model for this. They capture a broad spectrum of light for photosynthesis, but are very complex in structure and require many different dyes to transmit the energy of the absorbed light and focus it on a central point.

The light-harvesting systems developed by humans to date also have disadvantages:

Although inorganic semiconductors such as silicon are panchromatic, they only absorb light weakly. In order to absorb enough light energy, very thick layers of silicon in the micrometre range are therefore required -- making solar cells relatively bulky and heavy.

Organic dyes that are suitable for solar cells are much thinner: their layer thickness is only around 100 nanometres. However, they are barely able to absorb a broad spectral range and are therefore not particularly efficient.

Thin Layer Absorbs a Lot of Light Energy

Researchers at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany, in the journal Chem have now presented an innovative light-harvesting system that differs significantly from previous systems.




"Our system has a band structure similar to that of inorganic semiconductors. This means that it absorbs light panchromatically across the entire visible range. And it uses the high absorption coefficients of organic dyes. As a result, it can absorb a great deal of light energy in a relatively thin layer, similar to natural light-harvesting systems," says JMU chemistry professor Frank Wurthner. His team from the Institute of Organic Chemistry / Center for Nanosystems Chemistry designed the light-harvesting system at JMU and investigated it together with Professor Tobias Brixner's group from the Institute of Physical and Theoretical Chemistry.

Four Dyes in an Ingenious Arrangement

Put simply, the innovative light-harvesting antenna from Wurzburg consists of four different merocyanine dyes that are folded and thereby stacked closely together. The elaborate arrangement of the molecules enables ultra-fast and efficient energy transport within the antenna.

The researchers have given the prototype of the new light-harvesting system the name URPB. The letters stand for the light wavelengths that are absorbed by the four dye components of the antenna: U for ultraviolet, R for red, P for purple, B for blue.

Proven Performance Via Fluorescence

The researchers have demonstrated that their novel light-collecting system works so well by measuring the so-called fluorescence quantum yield. This involves measuring how much energy the system emits in the form of fluorescence. This allows conclusions to be drawn about the amount of light energy that it has previously collected.

The result: the system converts 38 per cent of the irradiated light energy over a broad spectral range into fluorescence -- the four dyes on their own, on the other hand, manage less than one per cent to a maximum of three per cent. The right combination and skilful spatial arrangement of dye molecules in the stack therefore make a big difference.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240626152221.htm
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Almonds, pottery, wood help date famed Kyrenia shipwreck | ScienceDaily
Historic shipwrecks often evoke dreams of sunken riches waiting on the bottom of the ocean to be reclaimed.


						
For the Cornell researchers trying to date the famous Hellenistic-era Kyrenia shipwreck, which was discovered and recovered off the north coast of Cyprus in the 1960s, the real treasure was not gold coins, but thousands of almonds found in jars among the cargo.

The almonds, combined with newly cleaned wood samples and the team's modeling and radiocarbon-dating expertise, led the Cornell Tree-Ring Laboratory to identify the likeliest timeline of the Kyrenia's sinking as between 296-271 BCE, with a strong probability it occurred between 286-272 BCE.

The team's paper, "A Revised Radiocarbon Calibration Curve 350-250 BCE Impacts High-Precision Dating of the Kyrenia Ship," will publish June 26 at 2 pm ET in PLoS ONE. The lead author is Sturt Manning, Distinguished Professor of Arts and Sciences in Classical Archaeology in the College of Arts and Sciences.

The Kyrenia has a storied legacy as the first major Greek Hellenistic-period ship to be found, in 1965, with a largely intact hull. From 1967-69, it was excavated along with its cargo, which included hundreds of ceramic vessels, then reassembled offsite and scientifically studied.

"Kyrenia was one of the first times it was realized this type of rich evidence from the classical world could be found largely intact more than 2,000 years later on the seabed, if you could find it," said Sturt Manning. "It was a bit of a landmark moment, the idea that you actually could dive, excavate and bring up a classical-era ship and so discover this long-past world directly. Shipwrecks are unique time capsules, and you can get amazing preservation."

For the last six decades, the Kyrenia has provided archeologists and historians with key insights into the development of ancient ship technology, construction practices and maritime trade. To date, no fewer than three Kyrenia replicas have been produced and launched, and these reconstructions have yielded considerable information on ancient ships and their sailing performance. However, the timeline of the Kyrenia's provenance and the exact date of its sinking has always been vague at best. The initial efforts to date the ship were based on its recovered artifacts, such as the pottery on board and a small batch of coins, which initially led researchers to estimate the ship was built and sank in the later 300s BCE.




"Classical texts and finds at port sites already told us this era was significant for widespread maritime trade and connections all around the Mediterranean -- an early period of globalization," Manning said. "But the discovery of the Kyrenia ship, just under 15 meters long, likely with a crew of four, dramatically made this all very immediate and real. It yielded key insights into the practicalities of the earlier part of a millennium of intense maritime activity in the Mediterranean, from Greek through Late Antique times."

The first volume of the final publication of the Kyrenia ship project, released last year, argued the wrecking date was a little later, closer to 294-290 BCE, but the primary piece of evidence -- a poorly preserved, nearly illegible coin -- was not watertight.

Manning's team, which included co-authors Madeleine Wenger '24 and Brita Lorentzen, '06, Ph.D. '15, sought to secure a date.

The perils of polyethylene glycol

The biggest hurdle for accurately dating the Kyrenia has been another artifact, one from the 20th century: polyethylene glycol (PEG). Excavators and preservationists often applied the petroleum-based compound to waterlogged wood to prevent it from decomposing after it was lifted out of the ocean's oxygen-free environment.

"PEG was a standard treatment for decades. The trouble is it's a petroleum product," Manning said, "which means that if you've got PEG in the wood, you have this contamination from ancient fossil carbon that makes radiocarbon dating impossible."

Manning's team worked with researchers at the University of Groningen in the Netherlands to develop a new method to clean PEG out of wood, and they demonstrated it on PEG-treated Roman-era samples from Colchester, England, that already had established dendrochronological (tree-ring sequence) dates.




"We removed the PEG from the wood, we radiocarbon dated it and we showed that in each case, we got a radiocarbon age consistent with the real (known) age," Manning said. "We basically got 99.9% of the PEG removed."

They used that technique to remove PEG from a Kyrenia sample that Manning and collaborators had tried, and failed, to accurately date 10 years ago. The team also now dated a tiny, twisted piece of wood that was salvaged from the Kyrenia in the late 1960s but was too small to be included in the reconstruction, thus avoiding PEG-treatment. It subsequently sat in a jar of water in a museum for 50-odd years.

The dates showed that the most recent preserved tree-rings from these timbers grew in the mid-later 4th century BCE. Because the samples did not include bark, the researchers couldn't determine the exact date the original trees were felled, but could say the date was likely after approximately 355-291 BCE.

Organic evidence

Working with the Kyrenia's original excavation team, the researchers examined its various artifacts, including the pottery and coins, with a focus on organic materials, including an astragalus (a sheep or goat ankle bone once used for games and divining rituals in several ancient cultures) and thousands of fresh green almonds found in some of the large amphorae, i.e., ceramic jars. These "short-lived" sample materials helped define the date of the ship's last voyage.

The team applied combined statistical modeling with the dendrochronology of the wood samples to get a level of dating that was much more precise than previous efforts. The modeling identified the most likely range of dates for the final voyage to be between 305-271 BCE (95.4% probability) and 286-272 BCE (68.3% probability) -- several years more recent than current estimations.

But there was one big hiccup along the way. The new dates didn't align with the international radiocarbon calibration curve, which is based on known-age tree-rings and is used to convert radiocarbon measurements into calendar dates for the northern hemisphere.

Manning took a closer look at data behind the calibration curve, which has been assembled over many decades by dozens of labs and hundreds of scientists. He discovered that the period between 350 and 250 BCE had no modern accelerator mass spectrometry (AMS) radiocarbon data behind it. Instead, the calibration curve in this period relied on only a few measurements conducted in the 1980s and 1990s using an older type of radiocarbon-dating technology. With collaborators in the U.S. and the Netherlands, the team measured known-age single-year sequoia and oak samples to re-calibrate the curve for the period 433-250 BCE. That not only helped clarify a big spike in radiocarbon production caused by a minimum of solar activity centered around 360 BCE, but also led to important revisions to the curve in the period around 300 BCE -- improvements that were critical to dating the Kyrenia.

Manning anticipates the new findings will not only clarify the timeline of the Kyrenia and its cargo but will also help researchers using the calibration curve for very different projects.

"This revised curve 400-250 BCE now has relevance to other problems that researchers are working on whether in Europe or China or somewhere else in the northern hemisphere," he said. "Half of the people who cite the paper in the future will be citing the fact that we've revised the radiocarbon calibration curve in this period, and only half will be saying the Kyrenia shipwreck is really important and has a much better date."

Co-authors include researchers from the Oxford Dendrochronology Laboratory, the University of Groningen and the University of California, Irvine.
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How do our memories last a lifetime? New study offers a biological explanation | ScienceDaily
Whether it's a first-time visit to a zoo or when we learned to ride a bicycle, we have memories from our childhoods kept well into adult years. But what explains how these memories last nearly an entire lifetime?


						
A new study in the journal Science Advances, conducted by a team of international researchers, has uncovered a biological explanation for long-term memories. It centers on the discovery of the role of a molecule, KIBRA, that serves as a "glue" to other molecules, thereby solidifying memory formation.

"Previous efforts to understand how molecules store long-term memory focused on the individual actions of single molecules," explains Andre Fenton, a professor of neural science at New York University and one of the study's principal investigators. "Our study shows how they work together to ensure perpetual memory storage."

"A firmer understanding of how we keep our memories will help guide efforts to illuminate and address memory-related afflictions in the future," adds Todd Sacktor, a professor at SUNY Downstate Health Sciences University and one of the study's principal investigators.

It's been long-established that neurons store information in memory as the pattern of strong synapses and weak synapses, which determines the connectivity and function of neural networks. However, the molecules in synapses are unstable, continually moving around in the neurons, and wearing out and being replaced in hours to days, thereby raising the question: How, then, can memories be stable for years to decades?

In a study using laboratory mice, the scientists focused on the role of KIBRA, or kidney and brain expressed protein, the human genetic variants of which are associated with both good and poor memory. They focused on KIBRA's interactions with other molecules crucial to memory formation -- in this case, protein kinase Mzeta (PKMzeta). This enzyme is the most crucial molecule for strengthening normal mammalian synapses that is known, but it degrades after a few days.

Their experiments reveal that KIBRA is the "missing link" in long-term memories, serving as a "persistent synaptic tag," or glue, that sticks to strong synapses and to PKMzeta while also avoiding weak synapses.




"During memory formation the synapses involved in the formation are activated -- and KIBRA is selectively positioned in these synapses," explains Sacktor, a professor of physiology, pharmacology, anesthesiology, and neurology at SUNY Downstate. "PKMzeta then attaches to the KIBRA-synaptic-tag and keeps those synapses strong. This allows the synapses to stick to newly made KIBRA, attracting more newly made PKMzeta."

More specifically, their experiments in the Science Advances paper show that breaking the KIBRA-PKMzeta bond erases old memory. Previous work had shown that randomly increasing PKMzeta in the brain enhances weak or faded memories, which was mysterious because it should have done the opposite by acting at random locations, but the persistent synaptic tagging by KIBRA explains why the additional PKMzeta was memory enhancing, by only acting at the KIBRA tagged sites.

"The persistent synaptic tagging mechanism for the first time explains these results that are clinically relevant to neurological and psychiatric disorders of memory," observes Fenton, who is also on the faculty at NYU Langone Medical Center's Neuroscience Institute.

The paper's authors note that the research affirms a concept introduced in 1984 by Francis Crick. Sacktor and Fenton point out that his proposed hypothesis to explain the brain's role in memory storage despite constant cellular and molecular changes is a Theseus's Ship mechanism -- borrowed from a philosophical argument stemming from Greek mythology in which new planks replace old ones to maintain Theseus's Ship for years.

"The persistent synaptic tagging mechanism we found is analogous to how new planks replace old planks to maintain Theseus's Ship for generations, and allows memories to last for years even as the proteins maintaining the memory are replaced," says Sacktor. "FrancisCrick intuited this Theseus's Ship mechanism, even predicting the role for a protein kinase. But it took 40 years to discover that the components are KIBRA and PKMzeta and to work out the mechanism of their interaction."

The study also included researchers from Canada's McGill University, Germany's University Hospital of Munster, and University of Texas Medical School at Houston.

This work was supported by grants from the National Institutes of Health (R37 MH057068, R01 MH115304, R01 NS105472, R01 MH132204, R01 NS108190), the Natural Sciences and Engineering Research Council of Canada Discovery (203523), and the Garry and Sarah S. Sklar Fund.
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Ocean's loss of oxygen caused massive Jurassic extinction: Could it happen again? | ScienceDaily
Researchers have discovered a clue in Italian limestone that helps explain a mass extinction of marine life millions of years ago, and may provide warnings about how oxygen depletion and climate change could impact today's oceans.


						
"This event, and events like it, are the best analogs we have in Earth's past for what is to come in the next decades and centuries," said Michael A. Kipp, an earth and climate science assistant professor at Duke University. Kipp co-authored a study published June 24 in the Proceedings of the National Academy of Sciences that measures oxygen loss in oceans leading to the extinction of marine species 183 million years ago.

During the Jurassic Period, when marine reptiles like ichthyosaurs and plesiosaurs thrived, volcanic activity in modern South Africa released an estimated 20,500 gigatons of carbon dioxide (CO2) over 500,000 years. This heated the oceans, causing them to lose oxygen.

The result was the suffocation and mass extinction of marine species.

"It's an analog, but not a perfect one, to predict what will happen to future oxygen loss in oceans from human-made carbon emissions, and the impact that loss will have on marine ecosystems and biodiversity," said co-author Mariano Remirez, an assistant research professor at George Mason University.

Studying limestone sediment that carries chemicals dating back to the time of the volcanic outburst, researchers were able to estimate the change in oxygen levels in ancient oceans. At one point, oxygen was completely depleted in up to 8% of the ancient global seafloor, an area roughly three times the size of the United States.

Since the Industrial Revolution began in the 18th and 19th centuries, human activity has released CO2 emissions equivalent to 12% of what was released during the Jurassic volcanism.

But Kipp said that today's rapid rate of atmospheric CO2 release is unprecedented in history, making it hard to predict when another mass extinction might occur or how severe it might be.

"We just don't have anything this severe," Kipp said. "We go to the most rapid CO2-emitting events we can in history, and they're still not rapid enough to be a perfect comparison to what we're going through today. We're perturbing the system faster than ever before."

"We have at least quantified the marine oxygen loss during this event, which will help constrain our predictions of what will happen in the future," Kipp said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240626152059.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Shocked quartz reveals evidence of historical cosmic airburst | ScienceDaily
Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.


						
Now, UC Santa Barbara emeritus professor James Kennett and colleagues report the presence of proxies associated with the cosmic airburst distributed over several separate sites in the eastern United States (New Jersey, Maryland and South Carolina), materials indicative of the force and temperature involved in such an event, including platinum, microspherules, meltglass and shock-fractured quartz. The study appears in ScienceOpen's journal Airbursts and Cratering.

"What we've found is that the pressures and temperatures were not characteristic of major crater-forming impacts but were consistent with so-called 'touchdown' airbursts that don't form much in the way of craters," Kennett said.

The Earth is bombarded every day by tons of celestial debris, in the form of tiny dust particles. On the other end of the scale are the extremely rare and cataclysmic impacts like the Chicxulub event that 65 million years ago caused the extinction of dinosaurs and other species. Its 150-kilometer-wide (93 miles) impact crater can be found in the Yucatan Peninsula in Mexico.

Somewhere in between are the impacts that don't leave craters on the Earth's surface but are nevertheless destructive. The shockwave from the 1908 Tunguska event knocked down 2,150 square kilometers (830 square miles) of forest, as the roughly 40-meter (130 ft) diameter asteroid collided with the atmosphere almost 10 kilometers (6 miles) above the Siberian taiga.

The comet thought to be responsible for the Younger Dryas cooling episode is estimated to have been 100 kilometers wide (62 miles) -- much larger than the Tunguska object, and fragmented into thousands of pieces. The sediment layer associated with the airburst stretches across much of the northern hemisphere, but can also be found in locations south of the equator. This layer contains unusually high levels of rare materials associated with cosmic impacts, such as iridium and platinum, and materials formed under high pressures and temperatures, such as magnetic microspherules (cooled-down metallic droplets), meltglass and nanodiamonds.

Shocked quartz and amorphous silica

The researchers are particularly interested in the presence of shocked quartz, indicated by a pattern of lines, called lamellae, that shows stress great enough to deform the crystal structure of quartz, a very hard material. This "creme de la creme" of cosmic impact evidence is present in impact craters, however linking shocked quartz to cosmic airbursts has proven to be more of a challenge.




"In the extreme form, such as when an asteroid hammers into the Earth's surface, all the fractures are very parallel," Kennett explained. In the realm of cosmic airbursts, different variables are present in the realm of cosmic airbursts. "When you think about it, the pressures and temperatures that produce these fractures will vary depending on the density, entry angle, altitude of the impact and the impactor's size.

"What we found -- and this is what is characteristic of the impact layer, called the Younger Dryas Boundary -- is that although we do occasionally see in the quartz grains examples of the 'traditional' shocked quartz with parallel fractures, we mostly see grains that are not parallel," he said. These fractures are seen in an irregular, web-like pattern of intersecting, meandering lines and surface and subsurface fissures, in contrast to the parallel and planar deformations of impact-associated shocked quartz found at craters. These subparallel and subplanar deformations are due in large part to the relatively lower pressures caused by explosions that occur above the ground, the researchers assert, as opposed to impacts that make contact with the Earth.

What these sediments do share with the shocked quartz at crater sites is the presence of amorphous silica -- melted glass -- in these fractures. And that, the researchers say, is evidence of the combination of pressure and high temperatures (greater than 2000 degrees Celsius) that could have come from a low-altitude bolide airburst. Similarly fractured quartz grains and meltglass have been found in more present-day samples of above ground explosions, such as at the Trinity atomic bomb test site in New Mexico. The roughly 20-kiloton bomb was detonated atop a 30.5 meter (100 foot) tower.

These lower-pressure shocked quartz grains join a growing suite of impact proxies that together make a case for a fragmented comet that not only caused widespread burning, but also abrupt climatic change that resulted in the extinctions of 35 genera of megafauna in North America, such as the mammoths and giant ground sloths, and led to the collapse of a flourishing human culture called Clovis, according to the researchers.

"There's a whole range of different shocked quartz, so we have to make a well-documented case that they are indeed significant for interpreting cosmic impact, even though they're not reflecting a traditional major crater-forming event," Kennett said. "These are from very-low-altitude 'touchdown' airbursts almost certainly associated with cometary impact."
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Pillars of creation star in new visualization from NASA's Hubble and Webb telescopes | ScienceDaily
Made famous in 1995 by NASA's Hubble Space Telescope, the Pillars of Creation in the heart of the Eagle Nebula have captured imaginations worldwide with their arresting, ethereal beauty.


						
Now, NASA has released a new 3D visualization of these towering celestial structures using data from NASA's Hubble and James Webb space telescopes. This is the most comprehensive and detailed multiwavelength movie yet of these star-birthing clouds.

"By flying past and amongst the pillars, viewers experience their three-dimensional structure and see how they look different in the Hubble visible-light view versus the Webb infrared-light view," explained principal visualization scientist Frank Summers of the Space Telescope Science Institute (STScI) in Baltimore, who led the movie development team for NASA's Universe of Learning.

"The contrast helps them understand why we have more than one space telescope to observe different aspects of the same object."

The four Pillars of Creation, made primarily of cool molecular hydrogen and dust, are being eroded by the fierce winds and punishing ultraviolet light of nearby hot, young stars. Finger-like structures larger than the solar system protrude from the tops of the pillars. Within these fingers can be embedded, embryonic stars. The tallest pillar stretches across three light-years, three-quarters of the distance between our Sun and the next nearest star.

The movie takes visitors into the three-dimensional structures of the pillars. Rather than an artistic interpretation, the video is based on observational data from a science paper led by Anna McLeod, an associate professor at the University of Durham in the United Kingdom. McLeod also served as a scientific advisor on the movie project.

"The Pillars of Creation were always on our minds to create in 3D. Webb data in combination with Hubble data allowed us to see the Pillars in more complete detail," said production lead Greg Bacon of STScI. "Understanding the science and how to best represent it allowed our small, talented team to meet the challenge of visualizing this iconic structure."

The new visualization helps viewers experience how two of the world's most powerful space telescopes work together to provide a more complex and holistic portrait of the pillars. Hubble sees objects that glow in visible light, at thousands of degrees. Webb's infrared vision, which is sensitive to cooler objects with temperatures of just hundreds of degrees, pierces through obscuring dust to see stars embedded in the pillars.




"When we combine observations from NASA's space telescopes across different wavelengths of light, we broaden our understanding of the universe," said Mark Clampin, Astrophysics Division director at NASA Headquarters in Washington. "The Pillars of Creation region continues to offer us new insights that hone our understanding of how stars form. Now, with this new visualization, everyone can experience this rich, captivating landscape in a new way."

Produced for NASA by STScI with partners at Caltech/IPAC, and developed by the AstroViz Project of NASA's Universe of Learning, the 3D visualization is part of a longer, narrated video that combines a direct connection to the science and scientists of NASA's Astrophysics missions with attention to the needs of an audience of youth, families, and lifelong learners. It enables viewers to explore fundamental questions in science, experience how science is done, and discover the universe for themselves.

Several stages of star formation are highlighted in the visualization. As viewers approach the central pillar, they see at its top an embedded, infant protostar glimmering bright red in infrared light. Near the top of the left pillar is a diagonal jet of material ejected from a newborn star. Though the jet is evidence of star birth, viewers can't see the star itself. Finally, at the end of one of the left pillar's protruding "fingers" is a blazing, brand-new star.

A bonus product from this visualization is a new 3D printable model of the Pillars of Creation.

The base model of the four pillars used in the visualization has been adapted to the STL file format, so that viewers can download the model file and print it out on 3D printers. Examining the structure of the pillars in this tactile and interactive way adds new perspectives and insights to the overall experience.
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Iceland's volcano eruptions may last decades | ScienceDaily
Iceland's ongoing volcanic eruptions may continue on and off for years to decades, threatening the country's most densely populated region and vital infrastructure, researchers predict from local earthquake and geochemical data.


						
The eruptions on the Reykjanes Peninsula have forced authorities to declare a state of emergency, with a series of eight eruptions having occurred since 2021. This southwestern region is home to 70 percent of the country's population, its only international airport, and several geothermal power plants that supply hot water and electricity. The most recent eruption in May through June triggered the evacuation of residents and visitors of the Blue Lagoon geothermal spa, a popular tourist attraction, for the third time in more than two months.

Although Iceland sees regular eruptions because it sits above a volcanic hot spot, the Reykjanes Peninsula has been dormant for 800 years. Its last volcanic era continued over centuries however, prompting scientists to predict the renewed volcanism to be the start of a long episode.

Under an hour's drive from the island's capital city Reykjavik, the eruptions pose considerable risks for economic disruption, and they leave evacuated communities uncertain of a possible return.

An international team of scientists has been watching the volcanoes over the past three years. Analyzing seismic tomography imaging and the composition of lava samples, they've uncovered parts of the geological processes behind the new volcanic era. They predict the region may have to prepare for recurring eruptions lasting years to decades and possibly centuries.

The researchers report their findings in a paper published June 26 in the journal Terra Nova. The project included collaborations from the University of Oregon, Uppsala University in Sweden, University of Iceland, Czech Academy of Sciences and University of California, San Diego. The work follows an earlier Nature Communications study of the initial Reykjanes eruptions in 2021.

Almost all of Iceland's island is built from lava, said Ilya Bindeman, a volcanologist and earth sciences professor at the UO. The country sits on the Mid-Atlantic Ridge, the tectonic plate boundary that causes North America and Eurasia to push further apart. The drifting of these plates can spark volcanic eruptions when hot rock from the earth's mantle -- the middle and largest layer of the planet -- melts and rises to the surface.




Although scientists know the origin of Reykjanes Peninsula's current eruptions is plate movement, the kind of magma storage and plumbing systems that feed them are unidentified, Bindeman said. The peninsula consists of eight volcanically active sites, so understanding whether there is one shared magma source or multiple independent ones and their depth can help predict the duration and impact of these eruptions.

Using geochemical and seismic data, the researchers investigated whether the magma of the initial eruptions from one volcano in the peninsula from 2021 to 2023 came from the same source as the magma in the recent eruptions of a different volcano to the west.

Bindeman specializes in isotopic analysis, which can help identify the "fingerprint" of magma. Magma is made of mostly eight elements, including oxygen and hydrogen, and 50 different trace elements in smaller concentrations and various ratios. The unique combination of trace elements can help differentiate magma sources from one another. Scientists can also measure the abundance of isotopes, elements with the same chemical property but different masses, in the magma. There are three different isotopes of oxygen, for example, Bindeman said.

"In the air we breathe, there's a mixture of these oxygen isotopes and we don't feel the difference," he said. "Their differences are usually not important for chemical reactions but are important to recognize as their relative abundances in magma can differentiate one magma source from another."

Analyzing samples of lava rock from two different volcanoes in the peninsula, their similar fingerprints implied a shared magma storage zone below the peninsula. Imaging of earth's interior based on local earthquakes also suggested the existence of a reservoir about 5.5 to 7.5 miles in the earth's crust, the shallowest layer.

However, that storage is ultimately fed by the melting rock deeper in the mantle, which can cause eruptions that last decades, with hundreds of square miles of magma surfacing, Bindeman said. Iceland's hotspot also will have no problem fountaining that flow, he said.




Although this marks the beginning of potentially persistent volcanic episodes in Iceland, the researchers can't precisely predict yet how long the episodes and the gaps between each will last.

"Nature is never regular," Bindeman said. "We don't know how long and how frequently it will continue for the next ten or even hundred years. A pattern will emerge, but nature always has exceptions and irregularities."

Discussions are continuing on plans to safely drill into the volcanic sites to glean insights into the geological processes driving the eruptions.

Because the volcanic activity is less volatile and explosive than eruptions in other countries, it provides a rare opportunity for scientists to approach fissures actively erupting lava, Bindeman said. He called it a "natural laboratory" both astonishing and chilling.

"When you witness a volcanic eruption, you can feel that these are the massive forces of nature, and you yourself are very small," Bindeman said. "These events are ordinary from the geological scale, but from the human scale, they can be devastating."
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Surprising phosphate finding in NASA's OSIRIS-REx asteroid sample | ScienceDaily
Early analysis of the asteroid Bennu sample returned by NASA's OSIRIS-REx mission has revealed dust rich in carbon, nitrogen, and organic compounds, all of which are essential components for life as we know it. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth.


						
The magnesium-sodium phosphate found in the sample hints that the asteroid could have splintered off from an ancient, small, primitive ocean world. The phosphate was a surprise to the team because the mineral had not been detected by the OSIRIS-REx spacecraft while at Bennu.

While a similar phosphate was found in the asteroid Ryugu sample delivered by JAXA's (Japan Aerospace Exploration Agency) Hayabusa2 mission in 2020, the magnesium-sodium phosphate detected in the Bennu sample stands out for its purity (that is, the lack of other materials included in the mineral) and the size of its grains, unprecedented in any meteorite sample.

Scientists have eagerly awaited the opportunity to dig into the 4.3-ounce (121.6-gram) pristine asteroid Bennu sample collected by NASA's OSIRIS-REx (Origins, Spectral Interpretation, Resource Identification, and Security -- Regolith Explorer) mission since it was delivered to Earth last fall. They hoped the material would hold secrets of the solar system's past and the prebiotic chemistry that might have led to the origin of life on Earth. An early analysis of the Bennu sample, published June 26 in Meteoritics & Planetary Science, demonstrates this excitement was warranted.

The OSIRIS-REx Sample Analysis Team found that Bennu contains the original ingredients that formed our solar system. The asteroid's dust is rich in carbon and nitrogen, as well as organic compounds, all of which are essential components for life as we know it. The sample also contains magnesium-sodium phosphate, which was a surprise to the research team, because it wasn't seen in the remote sensing data collected by the spacecraft at Bennu. Its presence in the sample hints that the asteroid could have splintered off from a long-gone, tiny, primitive ocean world.

A Phosphate Surprise

Analysis of the Bennu sample unveiled intriguing insights into the asteroid's composition. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth, where material from the mantle, the layer beneath Earth's crust, encounters water.




This interaction doesn't just result in clay formation; it also gives rise to a variety of minerals like carbonates, iron oxides, and iron sulfides. But the most unexpected discovery is the presence of water-soluble phosphates. These compounds are components of biochemistry for all known life on Earth today.

While a similar phosphate was found in the asteroid Ryugu sample delivered by JAXA's (Japan Aerospace Exploration Agency) Hayabusa2 mission in 2020, the magnesium-sodium phosphate detected in the Bennu sample stands out for its purity -- that is, the lack of other materials in the mineral -- and the size of its grains, unprecedented in any meteorite sample.

The finding of magnesium-sodium phosphates in the Bennu sample raises questions about the geochemical processes that concentrated these elements and provides valuable clues about Bennu's historic conditions.

"The presence and state of phosphates, along with other elements and compounds on Bennu, suggest a watery past for the asteroid," said Dante Lauretta, co-lead author of the paper and principal investigator for OSIRIS-REx at the University of Arizona, Tucson. "Bennu potentially could have once been part of a wetter world. Although, this hypothesis requires further investigation."

"OSIRIS-REx gave us exactly what we hoped: a large pristine asteroid sample rich in nitrogen and carbon from a formerly wet world," said Jason Dworkin, a co-author on the paper and the OSIRIS-REx project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland.

From a Young Solar System

Despite its possible history of interaction with water, Bennu remains a chemically primitive asteroid, with elemental proportions closely resembling those of the Sun.




"The sample we returned is the largest reservoir of unaltered asteroid material on Earth right now," said Lauretta.

This composition offers a glimpse into the early days of our solar system, over 4.5 billion years ago. These rocks have retained their original state, having neither melted nor resolidified since their inception, affirming their ancient origins.

Hints at Life's Building Blocks

The team has confirmed the asteroid is rich in carbon and nitrogen. These elements are crucial in understanding the environments where Bennu's materials originated and the chemical processes that transformed simple elements into complex molecules, potentially laying the groundwork for life on Earth.

"These findings underscore the importance of collecting and studying material from asteroids like Bennu -- especially low-density material that would typically burn up upon entering Earth's atmosphere," said Lauretta. "This material holds the key to unraveling the intricate processes of solar system formation and the prebiotic chemistry that could have contributed to life emerging on Earth."

What's Next

Dozens more labs in the United States and around the world will receive portions of the Bennu sample from NASA's Johnson Space Center in Houston in the coming months, and many more scientific papers describing analyses of the Bennu sample are expected in the next few years from the OSIRIS-REx Sample Analysis Team.

"The Bennu samples are tantalizingly beautiful extraterrestrial rocks," said Harold Connolly, co-lead author on the paper and OSIRIS-REx mission sample scientist at Rowan University in Glassboro, New Jersey. "Each week, analysis by the OSIRIS-REx Sample Analysis Team provides new and sometimes surprising findings that are helping place important constraints on the origin and evolution of Earth-like planets."

Launched on Sept. 8, 2016, the OSIRIS-REx spacecraft traveled to near-Earth asteroid Bennu and collected a sample of rocks and dust from the surface. OSIRIS-REx, the first U.S. mission to collect a sample from an asteroid, delivered the sample to Earth on Sept. 24, 2023.
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Dancers are less neurotic | ScienceDaily
A study led by researchers at the Max Planck Institute for Empirical Aesthetics in Frankfurt am Main, Germany, has shown that both amateur and professional dancers are less neurotic than people who do not dance. They are also more agreeable, more open, and more extraverted. But genre of dance matters.


						
"Tell me if you dance and I will tell you who you are!" A study led by researchers at the Max Planck Institute for Empirical Aesthetics (MPIEA) in Frankfurt am Main, Germany, has shown that both amateur and professional dancers are less neurotic than people who do not dance. They are also more agreeable, more open, and more extraverted. The results of the study have recently been published in the journal Personality and Individual Differences.

In cooperation with Matthias Blattmann, CEO of Gutmann Dance School in Freiburg im Breisgau and Tanzloft GmbH, and Luisa Sancho-Escanero, dance director at the Pfalztheater Kaiserslautern, the MPIEA's researchers analyzed data from 5,435 people from Sweden and 574 people from Germany, with regards to their Big Five Personality Traits "Openness,""Conscientiousness,""Extraversion,""Agreeableness," and "Neuroticism."

"What is unique about this work is that we have brought together very large samples from two different countries. Such data are generally scarce, and previous studies have often been based on rather small samples," explains senior author Fredrik Ullen, Director at the MPIEA.

In Sweden, the research team was able to rely on an existing database that included data about peoples' creative engagement and dance achievements. To collect dancer data in Germany, the researchers developed an online survey that was widely shared by dance institutions.

Previous research has found that musicians are more agreeable and more open to others than non-musicians. In the current study, this was also confirmed for dancers. But the researchers also found an interesting difference between the two groups: In comparison to musicians, dancers are not more neurotic, but -- on the contrary -- less neurotic than people who do not dance.

"In general, both dancers and singers show a high degree of extraversion in their personality -- which may be due to the fact that their means of expression when dancing and singing is their body -- and this is a very socially exposed situation, more than if you express through an instrument, for example. However, more in-depth investigations are needed to explore this further," says lead author Julia F. Christensen of the MPIEA.

There was also some evidence of personality differences between dancers of different styles. Swing dancers, for example, seemed to be even less neurotic than Latin and Standard dancers. However, this needs to be confirmed with larger samples of dancers. In the future, the researchers hope to extend their research into dancers' personalities to many other cultures and dance styles.
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Changing the game for sports emergency action plans | ScienceDaily
A national position statement on emergency action plan development and implementation in sports from a West Virginia University athletic training researcher sets in motion new priorities for responding to catastrophic injuries. The recommendations apply to sports through all levels, from youth to high school to collegiate and professional leagues.


						
"The ultimate goal of this position statement is to reduce unnecessary deaths from sport participation. We want this document to save more lives," said Samantha Scarneo-Miller, assistant professor and program director for the Master of Science in Athletic Training program in the WVU School of Medicine, who is lead author for the position statement.

Scarneo-Miller was tapped by the National Athletic Trainers' Association, NATA, to update the organization's 22-year-old document. The position statement is revised to recommend designating an emergency action plan coordinator who collaborates with other athletic staff, enhancing venue-specific plans to include variables for each sport and comprehensive documentation of incidents.

The leading causes of catastrophic injury in sports are cardiac arrest, exertional heat stroke, traumatic head injury and cervical spine injury.

Published in the National Athletic Trainers' Association Journal of Athletic Training, the position statement provides a framework for emergency action plan development and implementation. This includes recommendations for the preparations and on-site emergency response of health care professionals and other stakeholders to catastrophic or potentially catastrophic injuries in a pre-hospital setting.

The position statement includes several updates and recommendations. Instead of a one-size-fits-all approach, it offers general guidelines that teams can tailor to their specific settings and best use of resources.

Among those is the integration of a pre-event medical meeting, an informational session previously termed "medical timeout" that will occur before a competition and provide details on emergency procedures and signals, and equipment locations.




Expanding on previous guidelines focusing on venue-specific emergency action plans, the new document suggests incorporating the distinct needs of various sports in relation to the skills of assigned personnel and any changes in facilities, such as new construction.

"Having a plan for just the facility isn't good enough anymore," Scarneo-Miller said. "One facility might be used by different teams with different personnel. We need a sport- and venue-specific emergency action plan because coaches and staff have their own unique skills they can contribute to the plan activation."

The importance of designating an emergency action plan coordinator is also emphasized, suggesting that the duty be shifted solely from athletic trainers to include collaboration with the whole athletic staff. The outcome would result in a plan that is more effective in development and implementation.

"The position statement stresses the importance of having an EAP coordinator that is supported by an interdisciplinary health care team," Scarneo-Miller said. "The athletic trainer might be the one coordinating the plan, but they have coaches, administrators, physicians and athletes who need to be involved in reviewing and implementing the plan. We're really trying to emphasize to athletic trainers that they have so many other resources they may not be utilizing."

The systematic approach to the position statement focuses on evolving medical science and was formulated with input from professionals in a variety of fields, including sports medicine physicians and athletic trainers from multiple settings. It's the first position statement developed under NATA's new procedures, emphasizing an objective approach to author team selection, considering diversity in gender, race, location, specialty and setting.

"Previously, clinicians have not been authors on position statements as the documents have been highly focused on the newest research for clinicians to use," Scarneo-Miller said. "But the NATA is pushing hard to ensure clinicians voices are heard when developing these recommendations, since they are the ones who will be translating this document into clinical practice."

Scarneo-Miller stressed the importance of unveiling this new position statement. "We invite stakeholders and partners in embracing these essential recommendations, working together to create a culture of preparedness and safety that will protect and benefit our athletes."

Scarneo-Miller's presentation of the position statement was part of NATA's 75th Clinical Symposia and AT Expo June 25-28 in New Orleans.
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Light-weight microscope captures large-scale brain activity of mice on the move | ScienceDaily
As a mouse explores its environment, millions of neurons across the brain fire in sync. To study only a small subsection at a time would be to miss the forest for the trees, but powerful microscopes capable of capturing the entire mouse brain simultaneously are too heavy to mount on a moving mouse.


						
Now, a new study in Nature Biomedical Engineering presents an innovative solution to this problem: a microscope that weighs only as much as a US penny but can capture broad swaths of brain activity with unprecedented resolution. "The ability to observe the brain as mice engage in natural behaviors, such as social interactions and prey capture, will advance our understanding of how brain-wide distributed neuroactivity relates to naturalistic behavior," says Rockefeller's Alipasha Vaziri, who led the study.

Mouse-sized microscopy

Larger mammals can accommodate standard head-mounted microscopes, and even rats can support tech weighing about 20 grams, or eight US pennies. However, mice, which are the go-to model organisms for understanding the brain at work, are much smaller. Microscopes designed to fit them must weigh less than three grams.

"In recent years we've seen an explosion of head-mounted microscopes for mice, but they typically support only imaging fields of view of a few hundred micrometers at cellular resolution, since the involved design complexity for larger fields of view comes with an unsustainable weight penalty," Vaziri says. Existing models that are light enough for mice to carry invariably compromise the microscope's field of view, resolution, and depth range (or a combination thereof) and are prone to motion-induced artifacts.

Prior attempts to overcome this limitation were geared toward making whatever technology already existed weigh less--swapping out metal parts for plastic, for instance, while maintaining the basic optical design of microscopes (especially those capable of imaging increased fields of view) in which a heavy lens forms a major part of the weight. Vaziri addressed this challenge in what he calls "a principled approach". Instead of trying to make a complex system lens-based system weigh less, he clarified what the technology's goals really were: solving a high-resolution mapping problem between points in a 3D volume of the sample to points on the 2D surface of a camera. With that in mind, he set out to create a lightweight system that met those goals, without feeling constrained by the need to adapt on an image-preserving lens-based system.

"Everyone was using these multi-element heavy lenses, and trying to make them lighter," Vaziri says. " Instead of asking how to make lenses lighter, we solved an inverse problem and circumvented the issue, by developing an essentially lens-less strategy and freeing ourselves from the unnecessary constraints of lens-based image formation."

New thinking = new approach




Enter diffractive optical elements (DOEs). Unlike conventional lenses, which have a continuously curved surface to generate a spherical curvature of the wave front, DOEs use microstructures to manipulate light through diffraction, allowing for precise control of light waves. They are compact, lightweight, and effective. In microscopy, a traditional lens's function is to map the points in space on an object onto an image plane (like a camera sensor), ensuring that the image formed resembles the actual scene. However as one tries to form an image of larger and larger field of views while maintaining the resolution, the errors (optical aberrations) caused by a single lens necessitate more lens elements, resulting in a compound lens design.

Using DOEs, the Vaziri lab demonstrated that it is possible to map the positions between the scene and the sensor accurately without forming an image, and then use computational methods to reconstruct the original scene.

Without a hefty compound lens to weigh it down, the mini microscope weighs only 2.5 grams, and provides imaging that can capture broad sections of the mouse brain across a 3.6 x 3.6 mm2 field of view with 4 mm lateral resolution, 300 mm depth of field, and recording speed of 16 volumes per second. And most of its parts can be 3D printed, or make use of inexpensive, consumer-grade cell phone camera sensors. "If labs are interested, they could easily build these microscopes at low cost," Vaziri says.

Future iterations of the mini microscope may include wireless data transmission--the current model comes with cables that won't get in the way of a single mouse but could easily get tangled while observing multiple mice interacting with one another--and a fine-tuning of the tech to allow the observation of areas of the brain located deeper within the cortex.

"The system comes with some sacrifices, and is not nearly as high-performance as larger microscopes," Vaziri says. "But this is a key innovation, and one that could only have come from bringing fresh thinking to the problem and freeing oneself from perceived constraints."
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Rewriting the armadillo family tree: A new species, plus a name change for the state mammal of Texas | ScienceDaily
While their scaly armor and long claws look vaguely reptilian, armadillos belong to the same group of mammals as sloths and anteaters. There are nearly two dozen species of armadillos, from six-inch long "pink fairies" to giant armadillos that measure five feet long from snout to tail. The nine-banded armadillo has long been considered the most widespread, ranging from the central United States to Argentina. However, a new study published in Systematic Biology used DNA and museum collections to reveal that what has been called the nine-banded armadillo is actually four distinct species, including one that's new to science.


						
"It was widely accepted that the nine-banded armadillo, Dasypus novemcinctus, ranges from northern Argentina all the way to southern Illinois, but in recent years, some scientists have been putting forth evidence that this is actually a complex of multiple different species," says Frederic Delsuc, a research director at the National Center for Scientific Research (CNRS) in France and the study's senior author. "By studying the DNA of armadillos from all along this range, we put together a very detailed genomic analysis that makes us very confident that they are actually four species."

The finding is particularly noteworthy in the United States, because the armadillo formerly known as nine-banded has made its way from Mexico to many US states in the past two centuries and is the official small mammal of Texas. "With the new classification, the armadillo that's found in the United States should now be called the Mexican long-nosed armadillo," says Anderson Feijo, assistant curator of mammals at the Field Museum in Chicago's Negaunee Integrative Research Center and a co-author of the study. Moreover, "the new species, the Guianan long-nosed armadillo, is the first armadillo described in the last 30 years."

Delsuc began working on armadillo genetics in 1998 comparing samples from the invasive US populations with those found in French Guiana. At the time, he was sequencing mitochondrial DNA, a type of genetic material that is only inherited through the mother. His work pointed to splits within the nine-banded species, but at the time, there wasn't enough evidence to formally separate them into different species, as a more geographically widespread sampling was lacking. Still, that was "the first evidence that there was something really strange going on," says Delsuc.

The authors of the new study, including Delsuc, Feijo, Mathilde Barthe, a PhD student with Delsuc at the University of Montpellier and the study's first author, and Maria-Clara Arteaga from the Center for Scientific Research and Higher Education at Ensenada in Mexico, worked to create a much larger sample set of nine-banded armadillos. This allowed the team to study how the animals' physical characteristics, as well as their DNA, changed across their wide range. In addition to sampling blood and tissue from armadillos hit by cars, the scientists were able to supplement their sampling with museum specimens, for a total of 81 armadillos.

"Museums were crucial to the study," says Feijo. Natural history collections, including those at the Field Museum, contain skeletons and skins that serve as vouchers for scientists studying those species. The researchers were able to clip tiny pieces of dried skin from the armadillo specimens at numerous museums. They then used chemicals to eat away the tissues, leaving DNA behind. "Most of the specimens were collected before all these DNA molecular techniques were available. So in addition to museum collections being valuable to the research being done at the time a specimen is collected, it can be used in the future for things we can't even predict," says Feijo.

The combination of genetic data and morphological, or physical, traits led the scientists to the conclusion that the nine-banded armadillo, Dasypus novemcinctus, is actually four genetically distinct species. Accordingly, several subspecies within this species have been elevated to being species in their own right. The armadillos found in Mexico and the United States, formerly in the subspecies Dasypus novemcinctus mexicanus, are now just Dasypus mexicanus: the Mexican long-nosed armadillo. The subspecies fenestratus, found in the central part of the range, is now its own species, and the original species name novemcinctus is now restricted to South America.




Meanwhile, the data showed that another branch of the armadillo family tree didn't belong in any of these three pre-existing groups. A region of northeastern South America, known as the Guiana Shield, is home to the newest armadillo species: Dasypus guianensis, the Guianan long-nosed armadillo.

The new armadillo is a bit bigger than the other three species, has a hairless shell, a robust, dome-shaped skull, and an additional bone in its spine. But overall, all four species look very similar to the untrained eye. "They're almost impossible to differentiate in the field," says Delsuc.

That begs the question: if these armadillos look so similar that it takes DNA analysis to tell them apart, then why bother splitting them into different species? Just because the armadillos look similar to each other, their genes tell a different story. "Now that we know there are four distinct species, we might also expect they have their own ecological requirements that might not be the same," says Feijo.

These different needs in terms of food and habitat could be important for scientists working to preserve healthy populations of these animals in different areas. "Sometimes, biologists bring individuals from one area to another to repopulate," Feijo notes. "Since they're different species, with potentially different needs, they will not be able to integrate." And while the nine-banded armadillo has not been considered endangered, "this discovery totally shifts the way we think about conservation for these species and the way we think about how threatened they are," Feijo adds.

This study was contributed to by scientists from the National Center for Scientific Research (CNRS), the University of Montpellier, Uppsala University, the University of Cyprus, the Center for Scientific Research and Higher Education at Ensenada, the Field Museum, the Chinese Academy of Sciences, Valdosta State University, and the Institut Pasteur de la Guyane.
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Zebrafish reveal how bioelectricity shapes muscle development | ScienceDaily
A question left unanswered in a biologist's lab notebook for 40 years has finally been explained, thanks to a little fish that couldn't wriggle its tail.


						
New research from the University of Oregon describes how nerve cells and muscle cells communicate through electrical signals during development -- a phenomenon known as bioelectricity.

The communication, which takes place via specialized channels between cells, is vital for proper development and behavior. The study identifies specific genes that control the process, and pins down what happens when it goes wrong.

The finding offers clues to the genetic origins of muscle disorders in humans, and taps into longstanding questions in developmental biology.

"This is something many of us have wondered about for many, many years -- and now we've figured it out!" said Judith Eisen, the UO neuroscientist who, in the 1980s, spotted a communication pattern between zebrafish muscle cells that she couldn't explain.

Eisen and her colleagues report their findings in a paper published June 26 in Current Biology.

The work ties together three generations of UO neuroscientists and provides a lesson for all researchers: keep those lab notebooks. Eisen unearthed her original hardcover notebooks when moving into temporary lab space for a building renovation a few years ago. The sketches and shorthand notes she recorded in ink years ago are still relevant today.




A muscular mystery

In 1983, Eisen was a postdoctoral researcher in the lab of Monte Westerfield, just beginning her career at the UO. She was part of a small group of scientists working to establish zebrafish as a new model organism, hoping to use these small, shimmery fish to probe questions about the development of vertebrate animals.

Model organisms like mice, fruit flies and worms allow scientists to do experiments that aren't possible in humans, answering fundamental biological questions and providing guidance for more focused testing in humans.

Zebrafish were a promising addition to the scene. Zebrafish and humans share many genes, making the fish useful for testing the genetic underpinnings of human diseases and conditions. And because zebrafish embryos are transparent, scientists can watch development happen in real time under the microscope.

But at the time, everything about this system was new. Biologists had to figure out how to care for the fish in the lab and effectively use them in experiments.

One day, Eisen and Westerfield were using a yellow tracing dye to highlight individual nerve cells in the zebrafish, for observation under the microscope. The cells they wanted to reach could only be accessed by inserting a pipette filled with the glowing dye through the muscles. So some dye ended up mingling with the muscle cells, too.




Eisen and Westerfield were intrigued by the way the dye spread through the muscle cells. It spread cell-to-cell in a way that suggested that the cells were sharing messages directly -- via some physical connecting channel between them, rather than via longer-range chemical messengers.

This didn't fit the understanding of how adult muscle cells communicate with each other. But there was a dawning realization in the field that connections between muscle cells might be important during muscle development.

Eisen sketched out what she saw in her lab notebook, as did Westerfield. But there wasn't a good way to probe further, Eisen said. While scientists at the time knew these sorts of communication channels existed, they didn't know the genes that created them, or have the tools to ask what they were doing. So it was a dead end.

Eisen moved onto other questions, making major contributions to the field of developmental biology over the course of her career. This April, she was inducted into the National Academy of Sciences.

Over the last 40 years, Eisen and her UO colleagues, alongside scientists around the world, have continued to develop the zebrafish as a model organism. The advance of genetic technologies has made this little fish an even more powerful ally for understanding biology.

A fish that couldn't swim

A few years ago, Eisen's observation resurfaced in the lab of another UO neuroscientist, Adam Miller.

Miller was recruited to the University of Oregon by Eisen and colleagues to build a research group focused on electrical communication between cells. His lab studies how neural circuits build connections and create behavior. One area of focus is gap junctions, physical channels that allow electrical signals to move directly between cells. These communication pathways are particularly important during early development, as the body's many systems are getting set up and organized.

Zebrafish are the perfect species to study electrical communication. Thanks to their transparent embryos, "we can image electricity flowing through cells in real time," said Rachel Lukowicz-Bedford, a postdoc in Miller's lab.

While hunting for zebrafish with different gap junction mutations, Lukowicz-Bedford made an intriguing find: a zebrafish that couldn't move its tail properly. Usually, a zebrafish embryo will flop around and spontaneously flick its tail, but these fish didn't do that.

As they did experiments to figure out why, the team realized this fish might be a possible link back to Eisen's observation in muscle cells in the 1980s.

In healthy zebrafish, researchers can watch the electrical signals propagate through the gap junctions between muscle cells, like a plume of food dye diffusing into a cup of water. In fish with this mutation, the signals don't flow. The mutation was impairing electrical communication between the cells via the gap junctions.

And that communication breakdown led to improper muscular development, the team showed. In an ordinary healthy zebrafish, the muscle fibers are straight and orderly. In this zebrafish with this mutation, the muscle fibers are crinkly and wavy, like crepe paper streamers.

The researchers pinned the change on a mutation in a specific gene. Through a series of experiments, they showed that this gene, when functioning normally, makes the gap junction channels between muscle cells that allow the nervous system to coordinate the activity of early developing muscle. And without appropriate electrical signaling at the right time during development, the muscle fibers can't organize properly, causing crinkly muscle fibers and severe muscle defects.

"We figured out that this gap junction channel is a conduit -- it allows electricity from the nerve cells to be sent out to muscle fibers," Lukowicz-Bedford said.

The finding answers Eisen's decades-old question, sketched out in a lab notebook that she still has: The yellow dye was moving between muscle cells because of these specific communication channels.

More than a curiosity, though, the findings can help inform scientists' understanding of muscle development in humans. In disorders where muscles don't develop properly, faulty gap junction channels might be one cause, a link that was previously unknown.

"The gene we studied in this paper is not a weird zebrafish gene; it's also found in humans," Lukowicz-Bedford said. "By using zebrafish, we can go after this gene with basically unknown function in humans, and be able to understand what it's doing in context. We've been able to uncover the function of a gene that's been really elusive."

The research also illustrates that electrical signaling between different systems is critical for development. Similar communication is probably at play in the development of other body systems, too, the researchers suggest -- it's likely not specific just to muscles.

"The transfer of bioelectricity from one organ system to another is critical for development and adult function," Miller said. "Finding the genes that allow this to occur, understanding how they work, and exactly what goes wrong when communication is disrupted, will provide new insight into human disease."
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'A hearty debate' concludes plant-based meat alternatives are healthier for your heart than meat | ScienceDaily
Even though there is substantial variability in the contents and nutritional profiles of plant-based meat alternatives (PBMAs), the nutritional profiles tend to reflect a heart-healthy dietary pattern. A review article appearing in the Canadian Journal of Cardiology, published by Elsevier, of the available studies directly comparing the impact of plant-based and animal-based meats consistently suggests that the plant-based alternatives improve cardiovascular risk factors.


						
PBMAs are highly processed plant-based food products that typically replace meat in the diet. In Canada, the growing demand for PBMAs coincides with public health recommendations to reduce ultra-processed food consumption, which prompts the need to investigate the long-term health implications of PBMAs.

Lead author Matthew Nagra, ND, Vancouver, BC, Canada, says, "While the plant-based meat market has experienced significant growth in recent years and more and more Canadians are enjoying plant-based burgers, surprisingly little is known about how these meat alternatives may impact health and in particular cardiovascular disease risk. Thus, we sought to review the available literature on the topic to identify what is currently known and to provide direction for future research."

The authors of the article reviewed the research published from 1970 to 2023 on PBMAs, their contents, nutritional profiles, and impact on cardiovascular disease risk factors, such as cholesterol levels and blood pressure. Their analysis shows:
    	There is substantial variability in the contents and nutritional profiles of PBMAs.
    	On average, PBMAs tend to have a more heart-healthy nutritional profile than meat, although the high sodium content of some products may be of concern.
    	PBMAs have been shown to improve some cardiovascular risk factors, including cholesterol levels, in several randomized controlled trials.
    	PBMAs have not been shown to raise blood pressure, despite the high sodium content of some products.
    	There is currently a lack of long-term research evaluating how these alternatives may affect the risk of developing a heart attack or stroke.
    	There is currently little research on the healthfulness of some common components of PBMAs, such as vital wheat gluten (seitan).

The authors of the review article were surprised to find that there is a near complete lack of research on vital wheat gluten, which is the primary protein source incorporated into many popular PBMAs, and cardiovascular risk factors.

Dr. Nagra continues, "Further, the lack of research on cardiovascular outcomes as of 2023 is shocking, given that there are randomized controlled trials evaluating risk factors dating back to 1990. More detailed research is needed in light of the increasing consumption of PBMAs and our lack of knowledge of how these products impact risk."

In an accompanying editorial, J. David Spence, CM, MD, FRCPC, FAHA, Professor Emeritus of Neurology & Clinical Pharmacology, Western University, and Director, Stroke Prevention & Atherosclerosis Research Centre, Robarts Research Institute, London, ON, Canada, notes, "In an excellent review of PBMAs, Nagra et al. focus on reduction of cardiovascular risk factors, and the effects of various individual dietary factors on cardiovascular risk."

However, Professor Spence points out that, "What really matters is not the effect of individual components of a diet, nor the effect of diet on cardiovascular risk factors; it is the effect of diet on the actual risk of cardiovascular events such as myocardial infarction and stroke. Most physicians markedly underestimate the cardiovascular benefit of diet and place far too little emphasis on diet in the management of patients at high risk of cardiovascular events."

Senior author of the review article Ehud Ur, MB, FRCPC, Professor, Division of Endocrinology & Metabolism, University of British Columbia, Vancouver, BC, Canada, concludes, "For those looking to reduce their meat intake, especially if it's red meat, replacing that with PBMAs is likely a heart-healthy choice. For those who already limit their meat intake, PBMAs can be incorporated into a healthy dietary pattern as an excellent protein source; however, it may be beneficial to choose options that are lower in saturated fat and sodium if consuming them regularly."

Finally, Dr. Spence adds a note of caution regarding the dietary implications of egg consumption, saying, "Persons at risk of cardiovascular disease should limit meat intake and avoid egg yolk, so plant-based meat substitutes and egg substitutes are helpful to patients wishing to reduce their cardiovascular risk. Their effect on reducing actual cardiovascular risk is undoubtedly much greater than their effect on cardiovascular risk factors."
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Non-stop flight: 4,200 km transatlantic flight of the Painted Lady butterfly mapped | ScienceDaily
In October 2013, Gerard Talavera, a researcher from the Botanical Institute of Barcelona at CSIC, made a surprising discovery of Painted Lady Butterflies on the Atlantic beaches of French Guiana -- a species not typically found in South America. This unusual sighting prompted an international study to investigate the origin of these butterflies.


						
A Combination of Novel Techniques Solves the Enigma

Using innovative multidisciplinary tools, the research team co-led by Gerard Talavera from the Institut Botanic de Barcelona (IBB, CSIC-CMCNB), Tomasz Suchan from the W. Szafer Institute of Botany, and Clement Bataille, associate professor inthe Department of Earth and Environmental Sciences at the University of Ottawa -- with Megan Reich, a postdoctoral researcher from the Department of Biology at uOttawa, Roger Vila and Eric Toro Delgado, scientists from the Institute of Evolutionary Biology (IBE, CSIC-UPF) and Naomi Pierce, a professor of Biology in the Department of Organismic and Evolutionary Biology at Harvard University -- embarked on a scientific mission to track the journey and origin of those mysterious Painted Ladies.

First, the research team reconstructed wind trajectories for the period preceding the arrival of these butterflies in October 2013. They found exceptionally favorable wind conditions that could support a transatlantic crossing from western Africa, opening the possibility that those individuals might have flown across the entire ocean.

After sequencing the genomes of these individuals and analyzing them in comparison to populations globally, researchers discovered that the butterflies had a closer genetic relatedness to African and European populations. This result eliminated the likelihood of these individuals coming from North America, thereby reinforcing the hypothesis of an oceanic journey.

Researchers leveraged a unique combination of next-generation molecular techniques. They sequenced the DNA of pollen grains carried by these butterflies. They identified two species of plants that only grow in tropical Africa indicating that the butterflies nectared on African flowers before engaging into their transatlantic journey. They analyzed hydrogen and strontium isotopes in the butterflies' wings, a chemical signal that acts as a "fingerprint" of the region of natal origin. Combining isotopes with a model of habitat suitability for larval growth revealed potential natal origin in western Europe, possibly France, Ireland, the United Kingdom, or Portugal.

Dr. Bataille underlines the methodological novelty of this study: "It is the first time that this combination of molecular techniques including isotope geolocation and pollen metabarcoding is tested on migratory insects. The results are very promising and transferable to many other migratory insect species. The technique should fundamentally transform our understanding of insect migration."

"We usually see butterflies as symbols of the fragility of beauty, but science shows us that they can perform incredible feats. There is still much to discover about their capabilities," emphasizes Roger Vila, a researcher at the Institute of Evolutionary Biology (CSIC-Pompeu Fabra University) and co-author of the study.




Buoyed by the Winds

The researchers assessed the viability of a transatlantic flight by analyzing the energy expenditure for the journey. They predicted that the flight over the ocean, lasting 5 to 8 days without stops, was feasible due to advantageous wind conditions. "The butterflies could only have completed this flight using a strategy alternating between active flight, which is costly energetically, and gliding the wind. We estimate that without wind, the butterflies could have flown a maximum of 780 km before consuming all their fat and, therefore, their energy," comments Eric Toro-Delgado, one of the article's co-authors.

The Saharan air layer is emphasized by researchers as a significant aerial route for dispersion. These wind currents are known to transport large amounts of Saharan dust from Africa to America, fertilizing the Amazon. This study now shows that these air currents are capable of transporting living organisms.

The Potential Impact of Migrations in the Context of Global Change

This finding indicates that natural aerial corridors connecting continents may exist, potentially facilitating the dispersal of species on a much larger scale than previously imagined.

"I think this study does a good job of demonstrating how much we tend to underestimate the dispersal abilities of insects. Furthermore, it's entirely possible that we are also underestimating the frequency of these types of dispersal events and their impact on ecosystems," comments Megan Reich, a Postdoctoral Fellow at the University of Ottawa who also coauthored the study.

Gerard Talavera, the study's lead researcher, adds, "Throughout history, migratory phenomena have been important in defining species distributions as we observe them today."

Researchers emphasize that due to global warming and changing climate patterns, we may witness more notable changes and a potential increase in long-distance dispersal events. This could significantly impact biodiversity and ecosystems worldwide. "It is essential to promote systematic monitoring routines for dispersing insects, which could help predict and mitigate potential risks to biodiversity resulting from global change," concludes Gerard Talavera.
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Adolescents today are more satisfied with being single | ScienceDaily
Young people aged 14 to 20 years are nowadays more satisfied with being single than their counterparts ten years ago. This is the conclusion of a study undertaken by the Institute of Psychology at Johannes Gutenberg University Mainz (JGU). "It seems that today's adolescents are less inclined to pursue a romantic relationship. This could well be the reason for the increased singlehood satisfaction," said psychologist Dr. Tita Gonzalez Aviles, lead author of the recent study. Growing numbers of people are living as singles; in other words, they are not in a committed relationship. It has been unclear to date whether this trend towards increased singlehood has also been accompanied by a higher level of satisfaction with this status.


						
Comparison between singles today and singles ten years ago

Throughout the world, marriage rates have been declining over past decades, while divorce rates and the proportions of single-person households have been on the rise. "It is notable that, particularly in Western industrialized countries, singlehood is no longer unconventional and now considered more socially acceptable than in the past," stated Dr. Tita Gonzalez Aviles from the JGU Institute of Psychology. She analyzed data from the representative longitudinal Panel Analysis of Intimate Relationships and Family Dynamics (pairfam), which has been surveying the nature of romantic relationship and family dynamics in Germany since 2008. The most recent study is based on the information provided by 2,936 participants in different birth cohorts. The gathered material related to two separate time periods, namely 2008 to 2011 and 2018 to 2021. This allowed the researchers to differentiate between the satisfaction of earlier-born and later-born singles during adolescence (14-20 years), emerging adulthood (24-30 years), and established adulthood (34-40 years).

"Although we know that singlehood is gaining ground, we have not yet determined whether individuals are now more satisfied with this way of life," added Gonzalez Aviles, explaining the purpose of the study. Their findings, which have recently appeared in the Personality and Social Psychology Bulletin, indicate that adolescent singles born in 2001 to 2003 were more often single and more satisfied with singlehood than the birth cohort born ten years. Furthermore, there were no cohort-related differences among emerging adults aged 24 to 30 years and established adults aged 34 to 40.

Multiple factors explain the higher satisfaction among adolescents

Although the difference in satisfaction between today and ten years ago is not very large, even among adolescents, it stands out from the historical developments among adults. Gonzalez Aviles and her co-authors postulate that this may be due to the fact that living as a single has become increasingly normative over time, especially among the younger generation. Furthermore, their attitudes towards romantic conventions have changed and they are more open to diverse relationship types. "We assume that adolescents nowadays may postpone entering into a stable relationship because they value their personal autonomy and individual fulfillment over a romantic partnership. However, these explanations are -- for the time being -- speculative and require further investigation," concluded Gonzalez Aviles.
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For many urban residents, it's even hotter than their weather app says | ScienceDaily
There's a strong chance that last week's scorching temperatures were even hotter than reported for those living in underserved urban areas.


						
It's been well established that more impoverished areas within cities are typically hotter than their wealthier neighborhoods. Dubbed "urban heat islands," these communities have more buildings, less vegetation and somewhat higher population density, which combine to produce the heating effect.

New research from environmental engineers at Duke University has shown that citizen science tools used to gauge heat in these urban areas likely understate the problem of heat islands. The researchers also suggest a statistical method to improve estimates of urban heat.

The research appeared online June 17 in the journal Environmental Science and Technology Letters.

"The poorest areas of a city also tend to have the fewest number of weather stations to pull data from, so if we're going to rely on their data, we either need to add more ground sensors or try to adjust for the missing data," said Zach Calhoun, a civil and environmental engineering PhD student at Duke. "While having accurate temperature data might be important for residents going on their day-to-day business, it's especially important for policymakers relying on the data to make well-informed decisions."

"Extreme heat also leads to poor air quality, and the resulting impacts on respiratory and cardiovascular health should be monitored for the benefit of all," added Marily Black, public health scientist for Underwriter's Laboratory (UL) Chemical Insights Research Institute and coauthor of the paper. "This is especially true for the vulnerable in urban areas such as children and those who are economically disadvantaged."

This data comes from the popular weather website Weather Underground, which was founded in 1995 as an offshoot of the University of Michigan's internet weather database. It works by pulling data not just from official government weather stations, which are relatively sparse, but from weather stations set up by citizen scientists essentially in their own backyards. Today, Weather Underground receives data from more than 250,000 of these personal weather stations. In 2012, it was acquired by The Weather Channel, which also relies on this network of private stations.




While not exorbitantly expensive, personal weather stations cost several hundred dollars each. As one might expect, they're more commonly purchased and set up in wealthier neighborhoods than in poorer ones. And that can cause issues when relying on a large number of them for weather information.

"Some of the sensors may be a bit off, but if you put a lot of them together, the aggregate data is pretty reliable," said Mike Bergin, the Sternberg Family Professor of Civil & Environmental Engineering at Duke. "More data is good data. And less data is bad data."

The researchers hypothesized that the poorest, hottest areas of a city don't have nearly as many personal weather stations -- if they even have any at all. To address this problem, there are two possible solutions: either install more weather stations or figure out a way to correct for the lack of data.

Statistics to the rescue.

Working with David Carlson, assistant professor of civil and environmental engineering at Duke, the group pulled four years of data for the entire state of North Carolina from Weather Underground's servers. They then mapped out where those stations are set up and compared their numbers to each area's median income.

Unsurprisingly, there was a strong correlation between income and data, with more stations being set up in areas with higher median incomes. The researchers then did some statistical gymnastics and applied that same correlation to their trove of temperature data.




"This was a clever trick that Zach thought of to generate more accurate heat readings," said Carlson. "But then there was the question of whether or not this correction actually creates more realistic heat maps or not."

To validate their approach, the researchers turned to the National Integrated Heat Health Information System (NIHHIS). In 2021, the federal organization chose 15 locations for their NIHHIS-CAPA HeatWatch Campaign, where large groups of scientists and community volunteers took multiple heat and humidity readings throughout a single day across entire cities. Fortunately, both Raleigh and Durham, North Carolina were part of the project.

The team took Weather Underground's readings for Durham on that same 2021 day and applied their statistical correction across the city. They found that their results across the entire city -- and, most importantly, in the areas with few or no personal weather station data -- were much closer to the HeatWatch campaign's data.

These were also some of the hottest parts of the city, with temperatures exceeding what Weather Underground and The Weather Channel reported.

"Our work shows that you can make corrections and get better estimates of urban heat islands through these types of methods," said Carlson. "It also highlights the need for additional weather stations so we're aware of just how much hotter the summer is for the poorest members of our community."

This research was supported through a collaboration with the Underwriter's Laboratory (UL).
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Researchers develop new training technique that aims to make AI systems less socially biased | ScienceDaily
An Oregon State University doctoral student and researchers at Adobe have created a new, cost-effective training technique for artificial intelligence systems that aims to make them less socially biased.


						
Eric Slyman of the OSU College of Engineering and the Adobe researchers call the novel method FairDeDup, an abbreviation for fair deduplication. Deduplication means removing redundant information from the data used to train AI systems, which lowers the high computing costs of the training.

Datasets gleaned from the internet often contain biases present in society, the researchers said. When those biases are codified in trained AI models, they can serve to perpetuate unfair ideas and behavior.

By understanding how deduplication affects bias prevalence, it's possible to mitigate negative effects -- such as an AI system automatically serving up only photos of white men if asked to show a picture of a CEO, doctor, etc. when the intended use case is to show diverse representations of people.

"We named it FairDeDup as a play on words for an earlier cost-effective method, SemDeDup, which we improved upon by incorporating fairness considerations," Slyman said. "While prior work has shown that removing this redundant data can enable accurate AI training with fewer resources, we find that this process can also exacerbate the harmful social biases AI often learns."

Slyman presented the FairDeDup algorithm last week in Seattle at the IEEE/CVF Conference on Computer Vision and Pattern Recognition.

FairDeDup works by thinning the datasets of image captions collected from the web through a process known as pruning. Pruning refers to choosing a subset of the data that's representative of the whole dataset, and if done in a content-aware manner, pruning allows for informed decisions about which parts of the data stay and which go.




"FairDeDup removes redundant data while incorporating controllable, human-defined dimensions of diversity to mitigate biases," Slyman said. "Our approach enables AI training that is not only cost-effective and accurate but also more fair."

In addition to occupation, race and gender, other biases perpetuated during training can include those related to age, geography and culture.

"By addressing biases during dataset pruning, we can create AI systems that are more socially just," Slyman said. "Our work doesn't force AI into following our own prescribed notion of fairness but rather creates a pathway to nudge AI to act fairly when contextualized within some settings and user bases in which it's deployed. We let people define what is fair in their setting instead of the internet or other large-scale datasets deciding that."

Collaborating with Slyman were Stefan Lee, an assistant professor in the OSU College of Engineering, and Scott Cohen and Kushal Kafle of Adobe.
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How uncertainty builds anxiety | ScienceDaily
Alfred Hitchcock observed that "There is no terror in the bang, only in the anticipation of it." A common way to build suspense in a movie scene is for the audience to know something bad is going to happen, but not when it is going to happen. But how does uncertainty work to ratchet up our anxiety? In a recent paper in the journal Computational Psychiatry, researchers at the University of California, Davis, Department of Psychology take a deeper look into what builds fear.


						
Not knowing when something will happen can cause anxiety, but until now we didn't have any idea why, said Drew Fox, associate professor of psychology at UC Davis. The first step in addressing this problem is being more precise about how we define 'uncertainty', he said.

Fox and graduate student Dan Holley realized that when you are anticipating that a bad thing is going to happen, depending on how the scenario is set up, there can be big differences in the perception of hazard at different times, even if the probability of the bad thing happening is the same.

For example, if there is a ten second countdown to an electric shock, the hazard rate is low until the countdown ends. But if the shock could occur at any time in those ten seconds, the hazard rate should go up, they calculated.

"If you know something is going to happen, as time goes on the hazard rate goes up because you know it didn't happen earlier," Fox said. "The hazard rate is always going to be higher if you don't know when it is going to happen."

Hazard rate rising over time

Holley and Fox, working with Professor Erie Boorman and graduate student Erica Varga, set up an experiment to test their idea. Volunteers received a small cash incentive (one cent per second) to stay in a virtual environment but could also get a mild electric shock at some point unless they opted to leave first.




They found that as expected, the hazard rate rather than the actual probability of getting a shock drives anxiety.

"At each experimental time point, the threat hazard rate mapped almost perfectly to our participants' behavior, whereas the momentary threat probabilities had no predictive value whatsoever," Holley said. The volunteers also reported feeling significantly more anxious in the higher hazard rate environment.

Our brains have likely evolved to track rising hazard rates, Holley said.

"Imagine a gazelle on the Serengeti," he said. "As a matter of survival, it could keep its head down and graze a little longer, but the tradeoff is that it's a bit more likely to be attacked by a lion."

The longer the gazelle grazes, the more the hazard rate increases.

"Something in its mind must be tracking the hazard rate and guiding its behavior accordingly," Holley said.

By breaking down the concept of 'uncertainty' in anxiety-inducing situations, the researchers hope to get a better understanding of the mechanisms behind fear and anxiety, including ways to treat the millions of people who suffer from extreme anxiety disorders.

The work was supported in part by grants from the National Institutes of Health.
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Researchers discover new flat electronic bands, paving way for advanced quantum materials | ScienceDaily

Quantum materials are governed by the rules of quantum mechanics, where electrons occupy unique energy states. These states form a ladder with the highest rung called the Fermi energy.

Electrons, being charged, repel each other and move in correlated ways. Si's team found that electron interactions can create new flat bands at the Fermi level, enhancing their importance.

"Most flat bands are located far from the Fermi energy, which limits their impact on the material's properties," said Si, the Harry C. and Olga K. Wiess Professor of Physics and Astronomy at Rice.

Typically, a particle's energy changes with its momentum. But in quantum mechanics, electrons can exhibit quantum interference, where their energy remains flat even when their momentum changes. These are known as flat bands.

"Flat electronic bands can enhance electron interactions, potentially creating new quantum phases and unusual low-energy behaviors," Si said.

These bands are especially sought after in transition metal ions called d-electron materials with specific crystal lattices, where they often show unique properties, Si said.




The team's findings suggest new ways to design these, which could inspire new applications for these materials in quantum bits, qubits and spintronics. Their research shows that electron interactions can link immobile and mobile electron states.

Using a theoretical model, the researchers demonstrated that these interactions can create a new type of Kondo effect, where immobile particles gain mobility by interacting with mobile electrons at the Fermi energy. The Kondo effect describes the scattering of conduction electrons in a metal due to magnetic impurities, resulting in a characteristic change in electrical resistivity with temperature.

"Quantum interference can enable the Kondo effect, allowing us to make significant progress," said Lei Chen, a Ph.D. student at Rice.

A key attribute of the flat bands is their topology, Chen said. "The flat bands pinned to the Fermi energy provide a means to realize new quantum states of matter," he said.

The team's research reveals that this includes anyons and Weyl fermions, or massless quasiparticles and fermions that carry an electric charge. The researchers found that anyons are promising agents for qubits, and materials that host Weyl fermions may find applications in spin-based electronics.

The study also highlights the potential for these materials to be very responsive to external signals and capable of advanced quantum control. The results indicate that the flat bands could lead to strongly correlated topological semimetals at relatively low temperatures potentially operating at high temperatures or even room temperature.

"Our work provides the theoretical foundation for utilizing flat bands in strongly interacting settings to design and control novel quantum materials that operate beyond the realm of low temperatures," Si said.

Contributors to this research include Fang Xie and Shouvik Sur, Rice postdoctoral associates of physics and astronomy; Haoyu Hu, Rice alumnus and postdoctoral fellow at Donostia International Physics Center; Silke Paschen, physicist at the Vienna University of Technology; and Jennifer Cano, theoretical physicist at Stony Brook University and the Flatiron Institute.
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Conversation Is Changing: Why people speak more alike today | ScienceDaily
People from the corporate world and higher education sectors are increasingly adopting each other's speech patterns to be more socially inclusive, according to new research published today by Lancaster University.


						
We may not always notice it, but we frequently imitate each other in conversation, using similar gestures, accents, and facial expressions. We also often re-use the words of the people we speak with.

Over time, this form of engagement, known as resonance, has increased mostly among people in higher social grades, including people in leading managerial positions in the corporate world, doctors, university lecturers and politicians, researchers have found.

The study, led by Dr Vittorio Tantucci, a Senior Lecturer in Linguistics at Lancaster University, showed that over a 20-year period people from these sectors changed their behaviour -- resonating with one another significantly more than they used to and gearing towards a more engaging style. We talk like others to be more inclusive and 'resonate' with them.

This might, suggest the researchers, be due to the dramatic change in corporate communication and higher education in the 2000s, involving an institutional turn towards corporate social responsibility (CSR), and ideologies such as Equality, Diversity, and Inclusion (EDI).

"This plausibly affected not only the system of values of those communities but also their interactional behaviour, now increasingly geared towards overt acknowledgement of other people 's talk," said Dr Tantucci. "This increase is not found in workplaces where these ideologies are not institutionalised and routinely encouraged."

The paper, 'British conversation is changing: Resonance and engagement in the BNC1994 and the BNC2014', is published in the Applied Linguistics Journal today (June 25).




Researchers made the discovery after analysing 'resonance' in natural and spontaneous conversations among British speakers in demographically sampled spoken sections of the British National Corpora BNC 1994 and the BNC 2014.

More than 1600 British English conversations were examined for the study.

The corpora are multi-million-word datasets of contemporary spoken British English developed at Lancaster University and the most recent/up-to-date data of its kind.

This paper centres on how interaction among certain classes of British speakers changed between 1994 and 2014.

Resonance is an important indicator of social inclusion because it shows, on a large scale, that what is said by the other speaker is treated relevant for the continuation of the ongoing conversation: when we resonate with someone, we make them feel 'heard', a way to show that what they say is important to us.

It also found:
    	A significant change in the way British people structurally interact with one another and how this is reflected in different social groups.
    	British interaction appears to be geared towards an increasingly engaging style.
    	A consistent absence of resonance indicates 'interactional detachment' and a marked lack of engagement (this is distinctive in Autism speech).
    	Social grades involving manual labour and communities excluded from CSR and higher education ideologies did not show a significant increase in how they resonate with the language of their peers.
    	People tend to engage with their peers especially when they (re)use their language and make it relevant for the continuation of the interaction.

"When words and expressions are creatively re-used in conversation, speakers are more engaged with each other's speech, showing a more inclusive stance towards what has just been said by the other party," explains Dr Tantucci, who worked on the research with Dr Aiqing Wang, from the University of Liverpool.




"They make the other person's speech sound 'more important', just like a 'real-time citation'. This phenomenon -- resonance -- has become more prominent across higher social grades of British Society than in lower ones.

"This shows a significant change in how British people interact with one another and how this is reflected in different social classes."

Dr Tantucci gives this example.

"If someone says to you 'February was our busiest month this year' and you respond with 'Definitely' the conversation isn't very engaging at all. There is no 'resonance' with the initial comment.

"If, instead, you responded with something like 'It was the busiest -- even more hectic than January' you would show interest in what the speaker actually said.

"You would re-use the words 'was' and 'busiest,' you would replace 'February' with' January', and, again, 'busiest with 'more hectic'.

"That would be perceived as a stronger effort to show that what they said was 'important' to you.

"This kind of linguistic effort is more distinctive of higher social classes today in Britain, especially ones that belong to the corporate and higher education sectors."
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Your future medications could be personalized for you on a 3D printer | ScienceDaily
Chocolate-flavored pills for children who hate taking medicine.


						
Several drugs combined into one daily pill for seniors who have trouble remembering to take their medications.

Drugs printed at your local pharmacy at personalized dosages that best suit your health needs.

These are just a few potential advantages of 3D drug printing, a new system for manufacturing drugs and treatments on-site at pharmacies, health care facilities and other remote locations.

In 2015, the Food and Drug Administration approved the first 3D-printed drug, Spritam (levetiracetam), for epilepsy. Several other manufacturers and drug companies are developing their own ones.

But the widespread adoption of 3D drug printing will require stringent quality control measures to ensure that people get the right medication and dosage. Even a tiny mismeasurement of a drug's ingredient during the printing process could endanger a patient's health.

In a new research paper, NIST research scientist Thomas P. Forbes assesses various approaches to ensuring that 3D drug printers work as designed. The journal article applies a "quality by design" analysis to evaluate the best procedures and protocols to ensure that 3D printers produce drugs at the correct dosages and with the correct mix of chemicals.

Though various methods exist for remotely printing drugs, Forbes focused on one of the most common: inkjet printers and similar systems that can print personalized medication on demand.

Like inkjet printers in homes, though larger, the printer has nozzles that deposit the drug's liquified materials, or inks, into tiny wells on a tray or directly into capsules. Through freeze-drying and other processes, the liquid can be turned into a tablet or powder poured into a capsule. It can also be evaporated onto a thin film that dissolves in the mouth.

Forbes' paper does not make any recommendations. Instead, his research identifies and tests several possible methods and techniques for maintaining quality control in 3D drug printing.
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Next platform for brain-inspired computing | ScienceDaily
Computers have come so far in terms of their power and potential, rivaling and even eclipsing human brains in their ability to store and crunch data, make predictions and communicate. But there is one domain where human brains continue to dominate: energy efficiency.


						
"The most efficient computers are still approximately four orders of magnitude -- that's 10,000 times -- higher in energy requirements compared to the human brain for specific tasks such as image processing and recognition, although they outperform the brain in tasks like mathematical calculations," said UC Santa Barbara electrical and computer engineering Professor Kaustav Banerjee, a world expert in the realm of nanoelectronics. "Making computers more energy efficient is crucial because the worldwide energy consumption by on-chip electronics stands at #4 in the global rankings of nation-wise energy consumption, and it is increasing exponentially each year, fueled by applications such as artificial intelligence." Additionally, he said, the problem of energy inefficient computing is particularly pressing in the context of global warming, "highlighting the urgent need to develop more energy-efficient computing technologies."

Neuromorphic (NM) computing has emerged as a promising way to bridge the energy efficiency gap. By mimicking the structure and operations of the human brain, where processing occurs in parallel across an array of low power-consuming neurons, it may be possible to approach brain-like energy efficiency. In a paper published in thejournal Nature Communications, Banerjee and co-workers Arnab Pal, Zichun Chai, Junkai Jiang and Wei Cao, in collaboration with researchers Vivek De and Mike Davies from Intel Labs propose such an ultra-energy efficient platform, using 2D transition metal dichalcogenide (TMD)-based tunnel-field-effect transistors (TFETs). Their platform, the researchers say, can bring the energy requirements to within two orders of magnitude (about 100 times) with respect to the human brain.

Leakage currents and subthreshold swing

The concept of neuromorphic computing has been around for decades, though the research around it has intensified only relatively recently. Advances in circuitry that enable smaller, denser arrays of transistors, and therefore more processing and functionality for less power consumption are just scratching the surface of what can be done to enable brain-inspired computing. Add to that an appetite generated by its many potential applications, such as AI and the Internet-of-Things, and it's clear that expanding the options for a hardware platform for neuromorphic computing must be addressed in order to move forward.

Enter the team's 2D tunnel-transistors. Emerging out of Banerjee's longstandingresearch efforts to develop high-performance, low-power consumption transistors to meet the growing hunger for processing without a matching increase in power requirement, these atomically thin, nanoscale transistors are responsive at low voltages, and as the foundation of the researchers' NM platform, can mimic the highly energy efficient operations of the human brain. In addition to lower off-state currents, the 2D TFETs also have a low subthreshold swing (SS), a parameter that describes how effectively a transistor can switch from off to on. According to Banerjee, a lower SS means a lower operating voltage, and faster and more efficient switching.

"Neuromorphic computing architectures are designed to operate with very sparse firing circuits," said lead author Arnab Pal, "meaning they mimic how neurons in the brain fire only when necessary." In contrast to the more conventional von Neumann architecture of today's computers, in which data is processed sequentially, memory and processing components are separated and which continuously draw power throughout the entire operation, an event-driven system such as a NM computer fires up only when there is input to process, and memory and processing are distributed across an array of transistors. Companies like Intel and IBM have developed brain-inspired platforms, deploying billions of interconnected transistors and generating significant energy savings.




However, there's still room for energy efficiency improvement, according to the researchers.

"In these systems, most of the energy is lost through leakage currents when the transistors are off, rather than during their active state," Banerjee explained. A ubiquitous phenomenon in the world of electronics, leakage currents are small amounts of electricity that flow through a circuit even when it is in the off state (but still connected to power). According to the paper, current NM chips use traditional metal-oxide-semiconductor field-effect transistors (MOSFETs) which have a high on-state current, but also high off-state leakage. "Since the power efficiency of these chips is constrained by the off-state leakage, our approach -- using tunneling transistors with much lower off-state current -- can greatly improve power efficiency," Banerjee said.

When integrated into a neuromorphic circuit, which emulates the firing and reset of neurons, the TFETs proved themselves more energy efficient than state-of-the-art MOSFETs, particularly the FinFETs (a MOSFET design that incorporates vertical "fins" as a way to provide better control of switching and leakage). TFETs are still in the experimental stage, however the performance and energy efficiency of neuromorphic circuits based on them makes them a promising candidate for the next generation of brain-inspired computing.

According to co-authors Vivek De (Intel Fellow) and Mike Davies (Director of Intel's Neuromorphic Computing Lab), "Once realized, this platform can bring the energy consumption in chips to within two orders of magnitude with respect to the human brain -- not accounting for the interface circuitry and memory storage elements. This represents a significant improvement from what is achievable today."

Eventually, one can realize three-dimensional versions of these 2D-TFET based neuromorphic circuits to provide even closer emulation of the human brain, added Banerjee, widely recognized as one of the key visionaries behind 3D integrated circuits that are now witnessing wide scale commercial proliferation.
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Wildfires increasingly threaten oil and gas drill sites, compounding potential health risks | ScienceDaily
More than 100,000 oil and gas wells across the western U.S. are in areas burned by wildfires in recent decades, a new study has found, and some 3 million people live next to wells that in the future could be in the path of fires worsened by climate change.


						
Researchers from the University of California, Berkeley, said their analysis, which was published last week in the journal One Earth, is the first to examine historical and projected wildfire threats on oil and gas facilities in the U.S. While the public health effects of scorched and damaged drill sites are unclear, researchers said the study is a necessary step toward understanding the potential compound hazards and could help inform policy about future drilling.

"Most of the oil wells in California are currently in wildfire threatened areas, and a lot of people live in those areas because of the history of oil and gas development in this state," said David J.X. Gonzalez, an assistant professor of environmental health sciences at UC Berkeley's School of Public Health. "The same issues that have been with us historically are still with us, and it looks like they might lead to new environmental justice issues that haven't really been explored."

Gonzalez, the paper's first author, pointed to Los Angeles and Kern counties as populated areas plumbed for oil and gas extraction and also at high risk of burning now or in the near future. In the past, fires in oil and gas fields not related to wildfires have caused blowouts, and leaks from gas storage tanks in Los Angeles have resulted in explosions that damaged buildings. Near Bakersfield, dozens of wells have been found to be leaking natural gas, some at explosive levels.

Since 1984, almost 350,000 people across the western U.S. have lived within 1 kilometer of a well that was inside a burn zone, researchers found. Asian, Black, Hispanic and Native American people have faced disproportionately high exposure to those wells affected primarily by a handful of megafires in California, Texas and Oklahoma.

Across the West today, nearly 3 million people live within 1 kilometer of a well that is projected to be in an area with an increased risk of burning in the coming decades. What's more, the number of wells in high-risk wildfire areas is predicted to nearly double by the end of the century.

That means more wells are being drilled in more areas expected to burn.




"I don't want to say, 'The sky is falling.' But there was more of an impact than we thought there was going to be," Gonzalez said. "When we put everything together, it starts to look like this is a problem that hasn't really been looked at in the past but has been worsening and will likely continue to worsen. It's concerning, particularly for people living near leaking wells."

While the confluence of fire and drilling isn't meant to be alarmist, Gonzalez said it is an example of compounding factors that hold unexplored, and potentially significant, health effects.

Gonzalez's past research explores the public health impacts of oil and gas development, particularly for marginalized groups that suffer disproportionate adverse health effects. When a 2021 fire in Colorado burned near an oil and gas operation, he and his colleagues pondered how often drill sites were blackened, if this could be a common occurrence in the future and how concerning the effects might be.

The team compiled and examined wildfire maps from 1984 to 2019 and analyzed oil and gas drilling records. By lining up where drill sites overlapped with burn areas, and adding population data, the researchers estimated how many people lived near affected wells.

While the health effects stemming from oil and gas wells are becoming increasingly known, there are minimal, if any, studies on the health effects of fires that burn oil and gas facilities. In densely populated areas where buildings burn in supercharged fires, oil and gas operations could complicate fire response efforts, Gonzalez said.

There are existing cautionary tales. Infernos like the 2018 Camp Fire in Northern California caused volatile organic compounds to leach from plastic pipes into the drinking water system.




Many toxic chemicals are already in use in oil fields, Gonzalez said. Little is known about what happens when those chemicals combine in smoke plumes that already pose serious health risks every year.

"We need additional protections in place to make sure that, as wildfires continue to come, we are protecting the places and the people near these industrial activities," Gonzalez said.

Setback rules that increase the distance between wells and places people live, work or attend school would be an effective intervention from a public health perspective, Gonzalez said. Additionally, public land managers should consider the long-term health effects and potential hazards of permitting wells in fire-prone areas.

"With an issue that we know is going to worsen as climate change progresses," Gonzalez said, "we have an opportunity to take proactive action to prevent future harms."
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Team aims to improve safety of fertilizers made from wastewater sludge | ScienceDaily
Fertilizers manufactured from the sludgy leftovers of wastewater treatment processes can contain traces of potentially hazardous organic chemicals, according to a new study by Johns Hopkins University researchers.


						
The research, published todayin Environmental Science & Technology journal, provides one of the most comprehensive looks at the chemical composition of so-called biosolids across the country and is the first step toward identifying common chemical contaminants that may need government regulation. The findings could help the U.S. Environmental Protection Agency prioritize which organic compounds to investigate further, the researchers said.

"We've been relatively in the dark when it comes to possible organic hazards in biosolids, and we need to know if there are any smoking guns that we're unaware of," said Carsten Prasse, an assistant professor in the Department of Environmental Health and Engineering who studies environmental contaminants. "Regulators need to know what these types of fertilizers are made of to determine how they can be responsibly used."

Using analytical chemistry techniques capable of identifying thousands of chemicals, Prasse and his team screened 16 samples of biosolids from wastewater treatment facilities in nine U.S. and three Canadian cities. Samples contained traces of pharmaceuticals, industrial chemicals, and a variety of fragrances. Among them were bisphenol A (BPA), commonly found in plastics, and carbamazepine, a drug used to treat epilepsy and bipolar disorder.

"Because there are so many compounds in biosolids, the question we had was how do we triage? How do we find the chemicals that are widespread and could potentially be problematic, that the EPA and other scientists would need to investigate before proposing regulations," Prasse said.

The researchers then created lists of the chemicals found in each sample and compared them to compounds that popped up in multiple places across the country. They identified 92 compounds that were present in 80% or more of the samples.

The researchers then cross-referenced those 92 compounds against the EPA's CompTox Chemical Dashboard -- a database that details the properties, hazards, and potential risks of thousands of chemicals. The dashboard helped the team identify which chemicals were most likely to pose threats to human health or the environment.




"We're not saying that these compounds pose a risk right now, because we haven't done a formal risk assessment," said Matthew Newmeyer, a research associate at the Bloomberg School of Public Health and first author on the paper. "We're saying that these have a potential to be problematic and we need more information in order to make sure these biosolids are safe."

Using biosolids can be beneficial, the researchers said. They are rich in nitrogen, phosphorus, and other nutrients that help plants grow. They require less energy to make than synthetic alternatives. And wastewater facilities can sell biosolids to generate revenue to offset treatment costs and reduce waste sent to landfills or incinerators.

More than half of the 3.76 million tons of biosolids produced in the United States in 2022 fertilized agricultural lands, golf courses, and other landscaped areas, according to the EPA. While direct contact with biosolids is likely limited to occupational exposures, the broader population could be exposed to contaminants absorbed by crops grown in such fertilizers, the researchers said.

The team plans to measure the identified compounds in the biosolids and vegetables grown in biosolid-amended soil to determine if their concentration levels warrant concern. The researchers are also investigating risks to farmers, landscapers, and composters who work with biosolids.
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Moving objects precisely with sound | ScienceDaily
In 2018, Arthur Ashkin won the Nobel Prize in Physics for inventing optical tweezers: laser beams that can be used to manipulate microscopic particles. While useful for many biological applications, optical tweezers require extremely controlled, static conditions to work properly.


						
"Optical tweezers work by creating a light 'hotspot' to trap particles, like a ball falling into a hole. But if there are other objects in the vicinity, this hole is difficult to create and move around," says Romain Fleury, head of the Laboratory of Wave Engineering in EPFL's School of Engineering.

Fleury and postdoctoral researchers Bakhtiyar Orazbayev and Matthieu Mallejac have spent the last four years trying to move objects in uncontrolled, dynamic environments using soundwaves. In fact, the team's method -- wave momentum shaping -- is entirely indifferent to an object's environment or even its physical properties. All the information that's required is the object's position, and the soundwaves do the rest.

"In our experiments, instead of trapping objects, we gently pushed them around, as you might guide a puck with a hockey stick," Fleury explains.

The unconventional method, funded by the Swiss National Science Foundation (SNSF) Spark program, has been published in Nature Physics in collaboration with researchers from the University of Bordeaux in France, Nazarbayev University in Kazakhstan, and the Vienna University of Technology in Austria.

Very simple, very promising

If soundwaves are the hockey stick in Fleury's analogy, then a floating object like a ping-pong ball is the puck. In the lab's experiments, the ball was floating on the surface of a large tank of water, and its position was captured by an overhead camera. Audible soundwaves emitted from a speaker array at either end of the tank directed the ball along a pre-determined path, while a second array of microphones 'listened' to the feedback, called a scattering matrix, as it bounced off of the moving ball. This scattering matrix, combined with the camera's positional data, allowed the researchers to calculate in real time the optimal momentum of the soundwaves as they nudged the ball along its path.




"The method is rooted in momentum conservation, which makes it extremely simple and general, and that's why it's so promising," Fleury says.

He adds that wave momentum shaping is inspired by the optical technique of wavefront shaping, which is used to focus scattered light, but this is the first application of the concept to moving an object. What's more, the team's method is not limited to moving spherical objects along a path: they also used it to control rotations, and to move more complex floaters like an origami lotus.

Mimicking conditions inside the body 

Once the scientists succeeded in guiding a ping-pong ball, they performed additional experiments with both stationary and moving obstacles designed to add inhomogeneity to the system. Successfully navigating the ball around these scattering objects demonstrated that wave momentum shaping could perform well even in dynamic, uncontrolled environments like a human body. Fleury adds that sound is a particularly promising tool for biomedical applications, as it is harmless and noninvasive.

"Some drug delivery methods already use soundwaves to release encapsulated drugs, so this technique is especially attractive for pushing a drug directly toward tumor cells, for example."

The method could also be a game-changer for biological analysis or tissue engineering applications where manipulating cells by touching them would cause damage or contamination. Fleury also sees 3D printing applications for wave momentum shaping, for example to arrange microscopic particles before solidifying them into an object.

Ultimately, the researchers believe their method could also work using light, but their next goal is to take their sound-based experiments from the macro- to micro-scale. They have already received SNSF funding to do experiments under a microscope, using ultrasonic waves to move cells around.
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Telltale greenhouse gases could signal alien activity | ScienceDaily
If aliens modified a planet in their solar system to make it warmer, we'd be able to tell. A new UC Riverside study identifies the artificial greenhouse gases that would be giveaways of a terraformed planet.


						
A terraformed planet has been artificially made hospitable for life. The gases described in the study would be detectable even at relatively low concentrations in the atmospheres of planets outside our solar system using existing technology. This could include the James Webb Space Telescope, or a future European-led space telescope concept.

And while such pollutant gases must be controlled on Earth to prevent harmful climate effects, there are reasons they might be used intentionally on an exoplanet.

"For us, these gases are bad because we don't want to increase warming. But they'd be good for a civilization that perhaps wanted to forestall an impending ice age or terraform an otherwise-uninhabitable planet in their system, as humans have proposed for Mars," said UCR astrobiologist and lead study author Edward Schwieterman.

Since these gases are not known to occur in significant quantities in nature, they must be manufactured. Finding them, therefore, would be a sign of intelligent, technology-using life forms. Such signs are called technosignatures.

The five gases proposed by the researchers are used on Earth in industrial applications such as making computer chips. They include fluorinated versions of methane, ethane, and propane, along with gases made of nitrogen and fluorine or sulfur and fluorine. A new Astrophysical Journal paper details their merits as terraforming gases.

One advantage is that they are incredibly effective greenhouse gases. Sulfur hexafluoride, for example, has 23,500 times the warming power of carbon dioxide. A relatively small amount could heat a freezing planet to the point where liquid water could persist on its surface.




Another advantage of the proposed gases -- at least from an alien point of view -- is that they are exceptionally long-lived and would persist in an Earth-like atmosphere for up to 50,000 years. "They wouldn't need to be replenished too often for a hospitable climate to be maintained," Schwieterman said.

Others have proposed refrigerant chemicals, like CFCs, as technosignature gases because they are almost exclusively artificial and visible in Earth's atmosphere. However, CFCs may not be advantageous because they destroy the ozone layer, unlike the fully fluorinated gases discussed in the new paper, which are chemically inert.

"If another civilization had an oxygen-rich atmosphere, they'd also have an ozone layer they'd want to protect," Schwieterman said. "CFCs would be broken apart in the ozone layer even as they catalyzed its destruction."

As they're more easily broken apart, CFCs are also short-lived, making them harder to detect.

Finally, the fluorinated gases have to absorb infrared radiation to have an impact on the climate. That absorption produces a corresponding infrared signature that could be detectable with space-based telescopes. With current or planned technology, scientists could detect these chemicals in certain nearby exoplanetary systems.

"With an atmosphere like Earth's, only one out of every million molecules could be one of these gases, and it would be potentially detectable," Schwieterman said. "That gas concentration would also be sufficient to modify the climate."

To arrive at this calculation, the researchers simulated a planet in the TRAPPIST-1 system, about 40 light-years away from Earth. They chose this system, which contains seven known rocky planets, because it is one of the most studied planetary systems aside from our own. It is also a realistic target for existing space-based telescopes to examine.




The group also considered the European LIFE mission's ability to detect the fluorinated gases. The LIFE mission would be able to directly image planets using infrared light, allowing it to target more exoplanets than the Webb telescope, which looks at planets as they pass in front of their stars.

This work was done in collaboration with Daniel Angerhausen at Swiss Federal Institute of Technology/PlanetS, and with researchers at NASA's Goddard Space Flight Center, the Blue Marble Space Institute of Science, and Paris University.

While the researchers cannot quantify the likelihood of finding these gases in the near future, they are confident that -- if they are present -- it is entirely possible to detect them during currently planned missions to characterize planetary atmospheres.

"You wouldn't need extra effort to look for these technosignatures, if your telescope is already characterizing the planet for other reasons," said Schwieterman. "And it would be jaw-droppingly amazing to find them."

Other members of the research team echo not only enthusiasm for the potential of finding signs of intelligent life, but also for how much closer current technology has brought us to that goal.

"Our thought experiment shows how powerful our next-generation telescopes will be. We are the first generation in history that has the technology to systematically look for life and intelligence in our galactic neighborhood," added Angerhausen.
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Robots face the future | ScienceDaily
Researchers have found a way to bind engineered skin tissue to the complex forms of humanoid robots. This brings with it potential benefits to robotic platforms such as increased mobility, self-healing abilities, embedded sensing capabilities and an increasingly lifelike appearance. Taking inspiration from human skin ligaments, the team, led by Professor Shoji Takeuchi of the University of Tokyo, included special perforations in a robot face, which helped a layer of skin take hold. Their research could be useful in the cosmetics industry and to help train plastic surgeons.


						
Takeuchi is a pioneer in the field of biohybrid robotics, where biology and mechanical engineering meet. So far, his lab, the Biohybrid Systems Laboratory, has created mini robots that walk using biological muscle tissue, 3D printed lab-grown meat, engineered skin that can heal, and more. It was during research on the last of these items that Takeuchi felt the need to take the idea of robotic skin further to improve its properties and capabilities.

"During previous research on a finger-shaped robot covered in engineered skin tissue we grew in our lab, I felt the need for better adhesion between the robotic features and the subcutaneous structure of the skin," said Takeuchi. "By mimicking human skin-ligament structures and by using specially made V-shaped perforations in solid materials, we found a way to bind skin to complex structures. The natural flexibility of the skin and the strong method of adhesion mean the skin can move with the mechanical components of the robot without tearing or peeling away."

Previous methods to attach skin tissue to solid surfaces involved things like mini anchors or hooks, but these limited the kinds of surfaces that could receive skin coatings and could cause damage during motion. By carefully engineering small perforations instead, essentially any shape of surface can have skin applied to it. The trick the team employed was to use a special collagen gel for adhesion, which is naturally viscous so difficult to feed into the minuscule perforations. But using a common technique for plastic adhesion called plasma treatment, they managed to coax the collagen into the fine structures of the perforations while also holding the skin close to the surface in question.

"Manipulating soft, wet biological tissues during the development process is much harder than people outside the field might think. For instance, if sterility is not maintained, bacteria can enter and the tissue will die," said Takeuchi. "However, now that we can do this, living skin can bring a range of new abilities to robots. Self-healing is a big deal -- some chemical-based materials can be made to heal themselves, but they require triggers such as heat, pressure or other signals, and they also do not proliferate like cells. Biological skin repairs minor lacerations as ours does, and nerves and other skin organs can be added for use in sensing and so on."

This research was not just made to prove a point, though. Takeuchi and his lab have a goal in mind for this application that could help in several areas of medical research. The idea of an organ-on-a-chip is not especially new, and finds use in things like drug development, but something like a face-on-a-chip could be useful in research into skin aging, cosmetics, surgical procedures, plastic surgery and more. Also, if sensors can be embedded, robots may be endowed with better environmental awareness and improved interactive capabilities.

"In this study, we managed to replicate human appearance to some extent by creating a face with the same surface material and structure as humans," said Takeuchi. "Additionally, through this research, we identified new challenges, such as the necessity for surface wrinkles and a thicker epidermis to achieve a more humanlike appearance. We believe that creating a thicker and more realistic skin can be achieved by incorporating sweat glands, sebaceous glands, pores, blood vessels, fat and nerves. Of course, movement is also a crucial factor, not just the material, so another important challenge is creating humanlike expressions by integrating sophisticated actuators, or muscles, inside the robot. Creating robots that can heal themselves, sense their environment more accurately and perform tasks with humanlike dexterity is incredibly motivating."
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Study finds better survival rates for recipients of lung from hospital-based donor care units compared to independent donor care units | ScienceDaily
new study by Penn researchers examined, forthe first time, the differences in lung transplant graft outcomes from organs recovered from the two types of deceased organ donor care facilities operating in the United States. The research, published today in JAMA Network Open, offers insights that could improve the organ donation and transplantation process for patients across the nation.


						
In the U.S., deceased organ donors are traditionally cared for in hospitals, which provide intensive care and testing needed to rehabilitate organs, identify transplant recipients, and perform organ recovery surgeries. Over the past two decades, some donors have been transferred from hospitals to donor care units (DCUs), which provide similar services but focus solely on deceased donors. Two types of DCUs currently operate in the US: independent -- located outside of acute-care hospitals- and hospital-based.

Researchers analyzed lung donation rates and lung transplant survival outcomes from almost eleven thousand deceased donors who underwent organ recovery procedures between April 2017 and June 2022. The researchers hypothesized that lung transplant survival would not significantly differ between organs recovered from donors managed in these two types of units. However, the study showed that while independent donor centers generally saw higher donation rates, recipients of lungs from hospital-based DCUs had longer survival.

"These insights could drive improvements in organ donor management practices nationwide, ultimately enhancing the quality and availability of donated organs," said Emily Vail, MD, MSc, an assistant professor of Anesthesiology and Critical Care in the Perelman School of Medicine at the University of Pennsylvania and Senior Fellow at the Leonard Davis Institute of Health Economics, who led the study. The study underscores that the care system for deceased organ donors is evolving, with the potential to significantly improve organ quality and increase the number of available organs per donor.

Vail's research is particularly crucial given the fragile nature of lung tissue and the stringent criteria for lung donation. Only about 20% of deceased donors are eligible to donate lungs, making efficient and effective donor management practices vital.

The Gift of Life Donor Care Center at Penn Medicine, established in late 2022, is one of at least 15 hospital-based DCUs currently operating in the United States. Gift of Life transplant coordinators work with a multidisciplinary team of critical care physicians, nurses, respiratory therapists and pharmacists to provide specialized care for deceased organ donors diagnosed with brain death and authorized to donate organs, while providing support to their families. The Gift of Life Donor Care Center serves hospitals and donor families across the eastern half of Pennsylvania, southern New Jersey, and Delaware.

The research was funded by the Agency for Healthcare Research (5K12HS026372-05), the National Institutes of Health National Institutes of Diabetes, Digestive and Kidney Disease (R01-DK070869, K24AI146137), and the National Heart Lung and Blood Institute (K24HL115353).
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3D-printed chip sensor detects foodborne pathogens for safer products | ScienceDaily
Every so often, a food product is recalled because of some sort of contamination. For consumers of such products, a recall can trigger doubt in the safety and reliability of what they eat and drink. In many cases, a recall will come too late to keep some people from getting ill.


						
In spite of the food industry's efforts to fight pathogens, products are still contaminated and people still get sick. Much of the problem stems from the tools available to screen for harmful pathogens, which are often not effective enough at protecting the public.

In AIP Advances, by AIP Publishing, researchers from Guangdong University of Technology and Pudong New District People's Hospital developed a new method for detecting foodborne pathogens that is faster, cheaper, and more effective than existing methods. The researchers hope their technique can improve screening processes and keep contaminated food out of the hands of consumers.

Even with the best detection method, finding contaminating pathogens is not an easy task.

"Detecting these pathogens is challenging, due to their diverse nature and the various environments in which they can thrive," said author Silu Feng. "Additionally, low concentrations of pathogens in large food samples, the presence of similar non-pathogenic organisms, and the complex nature of different food types make accurate and rapid detection difficult."

Existing detection methods do exist, such as cell culture and DNA sequencing, but are challenging to employ at large scales. Not every batch of food can be thoroughly tested, so some contaminants inevitably slip through.

"Overall, these methods face limitations such as lengthy result times, the need for specialized equipment and trained personnel, and challenges in detecting multiple pathogens simultaneously, highlighting the need for improved detection techniques," said Feng.




The study's authors decided to take a different approach, designing a microfluidic chip that uses light to detect multiple types of pathogens simultaneously. Their chip is created using 3D printing, making it easy to fabricate in large amounts and modify to target specific pathogens.

The chip is split into four sections, each of which is tailored to detect a specific pathogen. If that pathogen is present in the sample, it will bind to a detection surface and change its optical properties. This arrangement let the researchers detect several common bacteria, such as E. coli, salmonella, listeria, and S. aureus, quickly and at very low concentrations.

"This method can quickly and effectively detect multiple different pathogens, and the detection results are easy to interpret, significantly improving detection efficiency," said Feng.

The team plans to continue developing their device to make it even more applicable for food screening.
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Empathetic children may have poorer health in the face of interparental conflict | ScienceDaily
Children who report being more empathetic are more likely to show signs of poorer health in the face of more interparental conflict than less empathetic children, according to a new study led by researchers in the Penn State College of Health and Human Development.


						
The study, led by Hannah Schreier, associate professor of biobehavioral health and co-funded faculty member in the Social Science Research Institute, was recently published in the journal Brain, Behavior, and Immunity.

"For children this age, 7 to 9 years old, the family home and parents are important, so observing conflict between the parents can be stressful," Schreier said. "And we now know that children may react negatively to perceived conflict from a physiological point of view."

The researchers used survey- and blood sample-derived data from home visits with 106 children between 7 and 9 years old and their parents participating in Family Foundations, an initiative led by co-author Mark Feinberg, research professor in the Edna Bennett Pierce Prevention Research Center (PRC), that evaluates the effectiveness of a perinatal coparenting intervention for first-time parents. Prior research from that on-going study shows that parents who took Family Foundations classes had more positive family relationships and experienced less conflict across the family, as well as between parents or children.

The surveys assessed both the children's perception of interparental conflict, including whether they felt threatened and whether they felt they were at fault when their parents fought. The children also self-reported on their empathy, including whether they felt sorry when other people were sad and whether they cared about the feelings of others. The parents provided ratings of overall child health on a scale from excellent to poor.

The researchers also analyzed C-reactive protein (CRP) and interleukin-6 (IL-6) levels in blood samples collected from the children. Increased levels of CRP and IL-6 indicate higher levels of chronic inflammation in the body.

Inflammation is a key aspect of the body's immune response. Acute, or short-term, inflammation is an important response to a specific injury and can help the body to heal. Chronic inflammation does not have a specific source or injury causing it. This chronic, background inflammation, which isn't necessarily concerning in the short-term, is related to long-term negative health effects when elevated over a long period of time. Prior research has linked chronic inflammation to cardiovascular disease risk, diabetes and certain types of cancer, among other things.




From these self-reported and biological measures, the researchers determined that children who reported being more empathetic had higher levels of CRP, which is suggestive of greater levels of chronic inflammation, and worse parent-reported overall health when perceiving more interparental conflict.

Critically, the researchers said more empathetic children did not report greater levels of conflict in the home. Additionally, children reported on regular, daily conflict that did not rise to the level of violence or domestic violence.

Schreier said it is particularly important to have these results for younger children, who had largely been omitted from previous research on possible physiological consequences of empathy and conflict. For this age group, the results also have implications that extend far beyond the household.

"These results raise interesting questions about children's home and school environments," she said. "Empathy is important, especially at this life stage, but it doesn't make sense to push more empathy teaching toward all kids. Some kids might need help understanding when it is okay to set boundaries and how to find a balance between being aware of how others feel, but not taking on every little thing that happens."

The result could impact future educational programs, as it highlights the importance of addressing individualized needs, Schreier said.

"The main message in our society is that empathy is good, and it's beneficial to us to be surrounded by people who are more empathetic," Schreier said. "But empathy can have positive and negative impacts. We don't talk a lot about what it means for the person who is more empathetic and what it is like taking on everyone else's emotions. Our work adds to a growing literature showing that being more empathetic may have adverse consequences on your health."

Jennifer Graham-Engeland, professor of biobehavioral health; Damon Jones, associate research professor in the PRC; and Aishwarya Ganguli and Caitlin Givens, graduate students in the Department of Biobehavioral Health, also contributed to this research.

The National Institutes of Health funded this research.
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Marsquakes may help reveal whether liquid water exists underground on red planet | ScienceDaily
If liquid water exists today on Mars, it may be too deep underground to detect with traditional methods used on Earth. But listening to earthquakes that occur on Mars -- or marsquakes -- could offer a new tool in the search, according to a team led by Penn State scientists.


						
When quakes rumble and move through aquifers deep underground, they produce electromagnetic signals. The researchers reported in the journal JGR Planets how those signals, if also produced on Mars, could identify water miles under the surface. The study may lay the groundwork for future analyses of data from Mars missions, according to Nolan Roth, a doctoral candidate in the Department of Geosciences at Penn State and lead author.

"The scientific community has theories that Mars used to have oceans and that, over the course of its history, all that water went away," Roth said. "But there is evidence that some water is trapped somewhere in the subsurface. We just haven't been able to find it. The idea is, if we can find these electromagnetic signals, then we find water on Mars."

If scientists want to find water on Earth, they can use tools like ground-penetrating radar to map the subsurface. But this technology is not effective miles under the surface, depths where water may be on Mars, the scientists said.

Instead, the researchers recommend a novel application of the seismoelectric method, a newer technique developed to non-invasively characterize Earth's subsurface. When seismic waves from an earthquake move through an aquifer underground, differences in how rocks and water move produce electromagnetic fields. These signals, which can be heard by sensors on the surface, can reveal information about aquifer depth, volume, location and chemical compositions, according to the researchers.

"If we listen to the marsquakes that are moving through the subsurface, if they pass through water, they'll create these wonderful, unique signals of electromagnetic fields," Roth said. "These signals would be diagnostic of current, modern-day water on Mars."

On water-rich Earth, using this method to identify active aquifers is challenging because water exists in the subsurface even outside of aquifers, creating other electric signals as seismic waves move through the ground. This background noise must be separated from the aquifers' signals, the scientists said, for accurate identification and characterization.




"On Mars, where the near-surface is certainly desiccated, no such separation is needed," said Tieyuan Zhu, associate professor of geosciences at Penn State and Roth's adviser and co-author. "In contrast to how seismoelectric signals often appear on Earth, Mars' surface naturally removes the noise and exposes useful data that allows us to characterize several aquifer properties."

The researchers created a model of the Martian subsurface and added aquifers to simulate how the seismoelectric method would perform. They found they could successfully use the technique to analyze details about the aquifers, including how thick or thin they are and their physical and chemical properties, like salinity.

"If we can understand the signals, we can go back and characterize the aquifers themselves," Roth said. "And that would give us more constraints than we've ever had before for understanding water on Mars today and how it has changed over the last 4 billion years. And that would be a big step ahead."

Roth said future work will -- surprisingly -- involve analyzing data already collected on Mars.

NASA's Insight lander, launched in 2018, delivered a seismometer to Mars that has been listening to marsquakes and mapping the subsurface. But seismometers have difficulty distinguishing water from gas or less dense rock.

However, the mission also included a magnetometer as a diagnostic tool to help the seismometer. Combing data from the magnetometer and the seismometer could reveal seismoelectric signals, the scientists said.




Sending a dedicated magnetometer meant to conduct scientific experiments on future NASA missions could potentially produce even better results, the researchers said.

"This shouldn't be limited to Mars -- the technique has potential, for example, to measure the thickness of icy oceans on a moon of Jupiter," Zhu said. "The message we want to give the community is there is this promising physical phenomena -- which received less attention in the past -- that may have great potential for planetary geophysics."

Yongxin Gao, professor at Hefei University of Technology in China, also contributed.

The Penn State E. Willard and Ruby S. Miller Fellowship and the National Natural Science Foundation of China supported researchers involved on this work.
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Should you eat more dietary fiber? New study says it depends | ScienceDaily
Nutritionists generally advise everyone to eat more dietary fiber, but a new Cornell University study suggests that its effects on health can vary from person to person. The findings indicate that recommendations should be tailored to each individual's gut microbiome.


						
The study, published in Gut Microbes, focused on resistant starch, a category of dietary fiber found in such foods as bread, cereals, green bananas, whole-grain pasta, brown rice and potatoes.

The researchers identified the gut microbe species that change in response to two different types of resistant starch. They found evidence that each individual may have a unique response to eating a resistant starch, with some people benefiting and others experiencing little or no effect. The reason appears tied to the level of diversity and composition of a person's gut microbiome.

"Precision nutrition definitely has a use in determining what dietary fiber we should tell people to eat," said Angela Poole, assistant professor of molecular nutrition and senior author of the study.

"This is critical because we've had public messaging advising people to eat more dietary fiber for decades," Poole said. "At the same time, less than 10% of people eat the recommended intake. Since there are many different types of dietary fiber and carbohydrates, a better strategy would be to collect data on each person and tell them which dietary fiber they can eat to get the most bang for their buck."

In the study, Poole and colleagues tested three dietary treatments on 59 participants over seven weeks.

The study was supported by the President's Council of Cornell Women and the National Institutes of Health.
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Rising health care prices are driving unemployment and job losses | ScienceDaily
Rising health care prices in the U.S. are leading employers outside the health care sector to reduce their payroll and decrease their number of employees, according to a new study co-authored by Yale economist Zack Cooper.


						
The study, published June 24 as a working paper by the National Bureau of Economic Research (NBER), found that when health care prices increased, non-health care employers responded by reducing their payroll and cutting the jobs of middle-class workers. For the average county, a 1% increase in health care prices would reduce aggregate income in the area by approximately $8 million annually.

The study was conducted by a team of leading economists from Yale, the University of Chicago, the University of Wisconsin-Madison, Harvard University, the U.S. Internal Revenue Service (IRS), and the U.S. Department of the Treasury.

"When health care prices go up, jobs outside the health care sector go down," said Cooper, an associate professor of health policy at the Yale School of Public Health and of economics in the Faculty of Arts and Sciences. "It's broadly understood that employer-sponsored health insurance creates a link between health care markets and labor markets. Our research shows that middle- and lower-income workers are shouldering rising health care prices, and in many cases, it's costing them their jobs. Bottom line: Rising health care costs are increasing economic inequality."

To better understand how rising health care prices affect labor market outcomes, the researchers brought together insurance claims data on approximately a third of adults with employer-sponsored insurance, health insurance premium data from the U.S. Department of Labor, and IRS data from every income tax return filed in the United States between 2008 and 2017. They then used these data to trace out how an increase in health care prices -- such as a $2,000 increase on a $20,000 hospital bill -- flows through to health spending, insurance premiums, employer payrolls, income and unemployment in counties, and the tax revenue collected by the federal government.

"Many think that it's insurers or employers who bear the burden of rising health care prices. We show that it's really the workers themselves who are impacted," said Zarek Brot-Goldberg, an assistant professor at the Harris School of Public Policy at the University of Chicago. "It's vital to understand that rising health care prices aren't just impacting patients. Rising prices are hurting the employment outcomes for workers who never went to the hospital."

For the new study, the authors used hospital mergers as a vehicle to assess the effect of price increases. From 2000 to 2020, there were over 1,000 hospital mergers among the approximately 5,000 U.S. hospitals. In past work, the authors found that approximately 20% of hospital mergers should have been expected to raise prices by lessening competition, according to merger guidelines from the Department of Justice and the Federal Trade Commission. These mergers, on average, raised prices by 5%.




"We can use our analysis to estimate the effect of hospital mergers," said Stuart Craig, an assistant professor at the University of Wisconsin-Madison Business School. "Our results show that a hospital merger that raised prices by 5% would result in $32 million in lost wages, 203 lost jobs, a $6.8 million reduction in federal tax revenue, and a death from suicide or overdose of a worker outside the health sector."

The study also showed that because rising health care prices leads firms to let go of workers, a knock-on effect of hospital mergers is that they lead to increases in government spending on unemployment insurance and reductions in the tax revenue collected by the federal government.

"It's vital to point out that hospital mergers raise spending by the federal government and lower tax revenue at the same time," said Cooper. "When prices in the U.S health sector rise, it's actually a net negative for the economy. It's leading to fewer jobs and precipitating all the consequences we associate with workers becoming unemployed."

Other authors of the study were Lev Klarnet from Harvard University, Ithai Lurie from U.S. Department of Treasury, and Corbin Miller from the U.S. Internal Revenue Service.
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First of its kind detection made in striking new Webb image | ScienceDaily
For the first time, a phenomenon astronomers have long hoped to directly image has been captured by NASA's James Webb Space Telescope's Near-Infrared Camera (NIRCam). In this stunning image of the Serpens Nebula, the discovery lies in the northern area (seen at the upper left) of this young, nearby star-forming region.


						
Astronomers found an intriguing group of protostellar outflows, formed when jets of gas spewing from newborn stars collide with nearby gas and dust at high speeds. Typically these objects have varied orientations within one region. Here, however, they are slanted in the same direction, to the same degree, like sleet pouring down during a storm.

The discovery of these aligned objects, made possible due to Webb's exquisite spatial resolution and sensitivity in near-infrared wavelengths, is providing information into the fundamentals of how stars are born.

"Astronomers have long assumed that as clouds collapse to form stars, the stars will tend to spin in the same direction," said principal investigator Klaus Pontoppidan, of NASA's Jet Propulsion Laboratory in Pasadena, California. "However, this has not been seen so directly before. These aligned, elongated structures are a historical record of the fundamental way that stars are born."

So just how does the alignment of the stellar jets relate to the rotation of the star? As an interstellar gas cloud crashes in on itself to form a star, it spins more rapidly. The only way for the gas to continue moving inward is for some of the spin (known as angular momentum) to be removed. A disk of material forms around the young star to transport material down, like a whirlpool around a drain. The swirling magnetic fields in the inner disk launch some of the material into twin jets that shoot outward in opposite directions, perpendicular to the disk of material.

In the Webb image, these jets are signified by bright clumpy streaks that appear red, which are shockwaves from the jet hitting surrounding gas and dust. Here, the red color represents the presence of molecular hydrogen and carbon monoxide.

"This area of the Serpens Nebula -- Serpens North -- only comes into clear view with Webb," said lead author Joel Green of the Space Telescope Science Institute in Baltimore. "We're now able to catch these extremely young stars and their outflows, some of which previously appeared as just blobs or were completely invisible in optical wavelengths because of the thick dust surrounding them."

Astronomers say there are a few forces that potentially can shift the direction of the outflows during this period of a young star's life. One way is when binary stars spin around each other and wobble in orientation, twisting the direction of the outflows over time.




Stars of the Serpens

The Serpens Nebula, located 1,300 light-years from Earth, is only one or two million years old, which is very young in cosmic terms. It's also home to a particularly dense cluster of newly forming stars (~100,000 years old), seen at the center of this image. Some of these stars will eventually grow to the mass of our Sun.

"Webb is a young stellar object-finding machine," Green said. "In this field, we pick up sign posts of every single young star, down to the lowest mass stars."

"It's a very complete picture we're seeing now," added Pontoppidan.

So, throughout the region in this image, filaments and wisps of different hues represent reflected starlight from still-forming protostars within the cloud. In some areas, there is dust in front of that reflection, which appears here with an orange, diffuse shade.

This region has been home to other coincidental discoveries, including the flapping "Bat Shadow," which earned its name when 2020 data from NASA's Hubble Space Telescope revealed a star's planet-forming disk to flap, or shift. This feature is visible at the center of the Webb image.




Future Studies

The new image, and serendipitous discovery of the aligned objects, is actually just the first step in this scientific program. The team will now use Webb's NIRSpec (Near-Infrared Spectrograph) to investigate the chemical make-up of the cloud.

The astronomers are interested in determining how volatile chemicals survive star and planet formation. Volatiles are compounds that sublimate, or transition from a solid directly to a gas, at a relatively low temperature -- including water and carbon monoxide. They'll then compare their findings to amounts found in protoplanetary disks of similar-type stars.

"At the most basic form, we are all made of matter that came from these volatiles. The majority of water here on Earth originated when the Sun was an infant protostar billions of years ago," Pontoppidan said. "Looking at the abundance of these critical compounds in protostars just before their protoplanetary disks have formed could help us understand how unique the circumstances were when our own solar system formed."

These observations were taken as part of General Observer program 1611. The team's initial results have been accepted in the Astrophysical Journal.

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).
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Meet CARMEN, a robot that helps people with mild cognitive impairment | ScienceDaily
Meet CARMEN, short for Cognitively Assistive Robot for Motivation and Neurorehabilitation-a small, tabletop robot designed to help people with mild cognitive impairment (MCI) learn skills to improve memory, attention, and executive functioning at home.


						
Unlike other robots in this space, CARMEN was developed by the research team at the University of California San Diego in collaboration with clinicians, people with MCI, and their care partners. To the best of the researchers' knowledge, CARMEN is also the only robot that teaches compensatory cognitive strategies to help improve memory and executive function.

"We wanted to make sure we were providing meaningful and practical inventions," said Laurel Riek, a professor of computer science and emergency medicine at UC San Diego and the work's senior author.

MCI is an in-between stage between typical aging and dementia. It affects various areas of cognitive functioning, including memory, attention, and executive functioning. About 20% of individuals over 65 have the condition, with up to 15% transitioning to dementia each year. Existing pharmacological treatments have not been able to slow or prevent this evolution, but behavioral treatments can help.

Researchers programmed CARMEN to deliver a series of simple cognitive training exercises. For example, the robot can teach participants to create routine places to leave important objects, such as keys; or learn note taking strategies to remember important things. CARMEN does this through interactive games and activities.

The research team designed CARMEN with a clear set of criteria in mind. It is important that people can use the robot independently, without clinician or researcher supervision. For this reason, CARMEN had to be plug and play, without many moving parts that require maintenance. The robot also has to be able to function with limited access to the internet, as many people do not have access to reliable connectivity. CARMEN needs to be able to function over a long period of time. The robot also has to be able to communicate clearly with users; express compassion and empathy for a person's situation; and provide breaks after challenging tasks to help sustain engagement.

Researchers deployed CARMEN for a week in the homes of several people with MCI, who then engaged in multiple tasks with the robot, such as identifying routine places to leave household items so they don't get lost, and placing tasks on a calendar so they won't be forgotten. Researchers also deployed the robot in the homes of several clinicians with experience working with people with MCI. Both groups of participants completed questionnaires and interviews before and after the week-long deployments.




After the week with CARMEN, participants with MCI reported trying strategies and behaviors that they previously had written off as impossible. All participants reported that using the robot was easy. Two out of the three participants found the activities easy to understand, but one of the users struggled. All said they wanted more interaction with the robot.

"We found that CARMEN gave participants confidence to use cognitive strategies in their everyday life, and participants saw opportunities for CARMEN to exhibit greater levels of autonomy or be used for other applications," the researchers write.

The research team presented their findings at the ACM/IEEE Human Robot Interaction (HRI) conference in March 2024, where they received a best paper award nomination.

Next steps

Next steps include deploying the robot in a larger number of homes.

Researchers also plan to give CARMEN the ability to have conversations with users, with an emphasis on preserving privacy when these conversations happen. This is both an accessibility issue (as some users might not have the fine motor skills necessary to interact with CARMEN's touch screen), as well as because most people expect to be able to have conversations with systems in their homes. At the same time, researchers want to limit how much information CARMEN can give users. "We want to be mindful that the user still needs to do the bulk of the work, so the robot can only assist and not give too many hints," Riek said.

Researchers are also exploring how CARMEN could assist users with other conditions, such as ADHD.

The UC San Diego team built CARMEN based on the FLEXI robot from the University of Washington. But they made substantial changes to its hardware, and wrote all its software from scratch. Researchers used ROS for the robot's operating system.

Many elements of the project are available at https://github.com/UCSD-RHC-Lab/CARMEN
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Geologists expect Chang'e-6 lunar surface samples to contain volcanic rock and impact ejecta | ScienceDaily
On June 25, China's Chang'e-6 (CE-6) lunar probe is set to return to Earth, carrying the first surface samples collected from the farside of the Moon. In anticipation of this historic event, scientists from the Institute of Geology and Geophysics at the Chinese Academy of Sciences are publishing their predictions for the unique materials that may be found in the CE-6 samples in the journal The Innovation.


						
Based on the geological characteristics of the probe's landing site, the researchers anticipate that the returned surface samples will consist of 2.5-million-year-old volcanic rock combined with small amounts of material generated by nearby meteorite strikes. There is also the possibility that evidence of distant impacts will be found in the samples.

"There are significant differences between the farside and the nearside of the Moon in terms of lunar crustal thickness, volcanic activity, composition, etc., especially considering that CE-6 landed on the South Polar-Aitkin (SPA) basin, the special terrane of the Moon," says first author Zongyu Yue, a geologist at the Chinese Academy of Sciences. "The CE-6 samples, being the first obtained from the farside of the Moon, are expected to answer one of the most fundamental scientific questions in lunar science research: what geologic activity is responsible for the differences between the two sides?"

Nearly 3 weeks ago, on June 2, CE-6 landed in the Apollo Crater, located at the edge of the largest depression on the Moon known as the SPA basin. The probe used core drilling and surface scooping to collect rocks and minerals that are likely to contain traces of early meteorite impacts. The data will reveal how far ejecta from early collisions spread across the Moon and whether there are any differences compared to what's been recorded on the asymmetrical nearside.

"My greatest hope is that the CE-6 samples contain some impact melts (fragments generated when smaller bodies crashing into the Moon) from the Apollo Crater and the SPA basin, which can provide crucial constraints on the early impact flux of the Moon," says Yue. "Once this information is obtained, it will not only help clarify the role of early lunar meteorite impacts on the Moon's evolution, but also be of great significance in analyzing the early impact history of the inner solar system."

With 10 successful lunar sample return missions conducted on the nearside of the Moon, the CE-6 lunar probe samples represent the first collected from the farside of the Moon. Researchers expect their analysis in the coming months and years to contribute to a more comprehensive understanding of lunar evolution.

The study was supported by the National Key Research and Development Program of China, the Chinese Academy of Sciences, and Key Research Programs of IGGCAS.
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Myths about intermittent fasting, debunked | ScienceDaily
In a new article, researchers at the University of Illinois Chicago debunk four common myths about the safety of intermittent fasting.


						
Intermittent fasting has become an increasingly popular way to lose weight without counting calories. And a large body of research has shown it's safe. Still, several myths about fasting have gained traction among clinicians, journalists and the general public: that fasting can lead to a poor diet or loss of lean muscle mass, cause eating disorders, or decrease sex hormones.

In a new commentary in Nature Reviews Endocrinology, UIC researchers debunk each of these. They base their conclusions on clinical studies, some of which they conducted and some done by others.

"I've been studying intermittent fasting for 20 years, and I'm constantly asked if the diets are safe," said lead author Krista Varady, professor of kinesiology and nutrition at UIC. "There is a lot of misinformation out there. However, those ideas are not based on science; they're just based on personal opinion."

There are two main types of intermittent fasting. With alternate-day eating, people alternate between days of eating a very small number of calories and days of eating what they want. With time-restricted eating, people eat what they want during a four- to 10-hour window each day, then don't eat during the rest of the day. The researchers conclude both types are safe despite the popular myths.

Here's a look at their conclusions:

Intermittent fasting does not lead to a poor diet: The researchers point to studies showing the intake of sugar, saturated fat, cholesterol, fiber, sodium and caffeine do not change during fasting compared with before a fast. And the percentage of energy consumed in carbohydrates, protein and fat doesn't change, either.




Intermittent fasting does not cause eating disorders: None of the studies show that fasting caused participants to develop an eating disorder. However, all the studies screened out participants who had a history of eating disorders, and the researchers say that those with a history of eating disorders should not try intermittent fasting. They also urge pediatricians to be cautious when monitoring obese adolescents if they start fasting, because this group has a high risk of developing eating disorders.

Intermittent fasting does not cause excessive loss of lean muscle mass: The studies show that people lose the same amount of lean muscle mass whether they're losing weight by fasting or with a different diet. In both cases, resistance training and increased protein intake can counteract the loss of lean muscle.

Intermittent fasting does not affect sex hormones: Despite concerns about fertility and libido, neither estrogen, testosterone nor other related hormones are affected by fasting, the researchers said.

The other authors of the article are Vanessa Oddo and Sofia Cienfuegos at UIC and Shuhao Lin, formerly at UIC and now at the Mayo Clinic.
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Researchers develop RNA-targeting technology for precisely manipulating parts of human genes | ScienceDaily
Researchers at the University of Toronto have harnessed a bacterial immune defense system, known as CRISPR, to efficiently and precisely control the process of RNA splicing.


						
The technology opens the door to new applications, including systematically interrogating the functions of parts of genes and correcting splicing deficiencies that underlie numerous diseases and disorders.

"Almost all human genes produce RNA transcripts that undergo the process of splicing, whereby coding segments, called exons, are joined together and non-coding segments, called introns, are removed and typically degraded," said Jack Daiyang Li, first author on the study and PhD student of molecular genetics, working in the labs of Benjamin Blencowe and Mikko Taipale at U of T's Donnelly Centre for Cellular and Biomolecular Research.

Exons can be alternatively spliced, such that the regulation and function of the approximately 20,000 human genes that encode proteins are greatly diversified, allowing the development and functional specialization of different types of cells.

However, it is unclear what most exons or introns do, and the mis-regulation of normal alternative splicing patterns is a frequent cause or contributing factor to various diseases, such as cancers and brain disorders. However, existing methods that allow for the precise and efficient manipulation of splicing have been lacking.

In the new research study, a catalytically-deactivated version of an RNA targeting CRISPR protein, referred to as dCasRx, was joined to more than 300 splicing factors to discover a fusion protein, dCasRx-RBM25. This protein is capable of activating or repressing alternative exons in an efficient and targeted manner.

"Our new effector protein activated alternative splicing of around 90 percent of tested target exons," said Li. "Importantly, it is capable of simultaneously activating and repressing different exons to examine their combined functions."

This multi-level manipulation will facilitate the experimental testing of functional interactions between alternatively spliced variants from genes to determine their combined roles in critical developmental and disease processes.




"Our new tool makes possible a broad range of applications, from studying gene function and regulation, to potentially correcting splicing defects in human disorders and diseases," said Blencowe, principal investigator on the study, Canada Research Chair in RNA Biology and Genomics, Banbury Chair in Medical Research and professor of molecular genetics at the Donnelly Centre and the Temerty Faculty of Medicine.

"We have developed a versatile engineered splicing factor that outperforms other available tools in the targeted control of alternative exons," said Taipale, also principal investigator on the study, Canada Research Chair in Functional Proteomics and Proteostasis, Anne and Max Tanenbaum Chair in Molecular Medicine and associate professor of molecular genetics at the Donnelly Centre and Temerty Medicine. "It is also important to note that target exons are perturbed with remarkably high specificity by this splicing factor, which alleviates concerns about possible off-target effects."

The researchers now have a tool in hand to systematically screen alternative exons to determine their roles in cell survival, cell type specification and gene expression.

When it comes to the clinic, the splicing tool has potential to be used to treat numerous human disorders and diseases, such as autism and cancers, in which splicing is often disrupted.

This research was supported by the Canadian Institutes of Health Research and the Simons Foundation.
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Facial recognition linked to close social bonds, not social butterflies | ScienceDaily
Do you have trouble recognising faces, or do you never forget a face? The better you are at facial recognition, the more supportive relationships you are likely to have, regardless of your personality type.


						
In a world-first study published last weekend in the journal Cognition, a team of international researchers has reported some surprising findings relating to facial recognition.

The first discovery is that one's ability to recognise faces has nothing to do with how extraverted, sociable, or gregarious a person is. What is clear, however, is that good facial recall is linked to the number of close, high-quality relationships that people have.

Researchers from the University of South Australia (UniSA), University of Western Australia (UWA) and Curtin University, along with US colleagues from Wellesley College and Harvard Medical School, undertook four separate studies involving more than 3000 people to tease out the relationship between facial recognition, social networks and personality traits.

In tests where participants memorised new faces or identified celebrity faces, their scores correlated with the number of close relationships they enjoyed.

"People who identified more faces typically had larger supportive social networks, which bodes well for their overall health and happiness," says lead researcher UniSA psychologist Dr Laura Engfors.

"In concrete terms, the rise from the lowest (two) to the highest (28) number of faces that were successfully recognised on one test coincided with six additional close relationships, increasing from nine to 15. That's an increase of two thirds and it is one extra strong social bond per four famous people recognised."

The research did not find any link between facial recognition and a more social personality.




"Our findings rule out the idea that being sociable means you'll probably be great at recognising faces. It also helps to dispel the common misconception that not recognising someone means you are less sociable.

"The ability to recognise faces more easily also means people may develop relationships faster.

"Imagine you've had an engaging conversation with someone you have only just met. A few weeks later you run into them again. If you recognise them quickly and easily, it opens the door to develop the rapport you established in your first meeting, helping the relationship to progress.

"On the flip side, if you don't recognise them, you've missed the chance to build on that initial interaction," Dr Engfors says.

Curtin University researcher and co-author Dr Linda Jeffery says being recognised by someone is a boost to a person's self-esteem.

"It can make us feel important and valued, leading us to relate to that person more warmly, whereas we feel snubbed if someone we have met before does not recognise us."

Wellesley College psychologist and co-author Associate Professor Jeremy Wilmer hopes the findings will be used to build stronger communities that facilitate human connection.




"Understanding that not everyone finds it easy to recognise people can help us to support those around us in social interactions," Prof Wilmer says.

"Something as simple as name tags at a community barbecue or school event can make the difference between a connection built and a connection lost. Similarly, if you catch a flicker of uncertainty on someone's face when you say hello, a subtle reminder to help them place you will be appreciated."

People can test their own celebrity face recognition at the researchers' citizen science website TestMyBrain.org.
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Whoever controls electrolytes will pave the way for electric vehicles | ScienceDaily
Professor Soojin Park, Seoha Nam, a PhD candidate, and Dr. Hye Bin Son from the Department of Chemistry at Pohang University of Science and Technology (POSTECH) have achieved a breakthrough in creating a gel electrolyte-based battery that is both stable and commercially viable. Their research was recently published in the international journal Small.


						
Lithium-ion batteries are extensively utilized in portable electronics and energy storage including electric vehicles. However, the liquid electrolytes used in these batteries pose a significant risk of fire and explosion, prompting ongoing research efforts to find safer alternatives. One alternative is the semi-solid-state battery which represents a middle ground between traditional lithium-ion batteries with liquid electrolytes and solid-state batteries. By using a gel-like electrolyte, these batteries offer enhanced stability, energy density, and a relatively longer lifespan.

Creating gel electrolytes typically involves a prolonged heat treatment at high temperatures, which can degrade the electrolyte, leading to diminished battery performance and increased production costs. Additionally, the interface resistance between the semi-solid electrolyte and the electrode poses a challenge in the fabrication process. Previous studies have encountered limitations in applying their findings directly to current commercial battery production lines due to complex fabrication methods and issues with large-scale applications.

Professor Soojin Park's team tackled these challenges using a bifunctional cross-linkable additive (CIA), dipentaerythritol hexaacrylate (DPH), combined with electron beam (e-beam) technology. The conventional pouch-type battery manufacturing process includes the electrode preparation, electrolyte injection and assembly, activation, and degassing steps. However, the researchers enhanced DPH's dual functionality by simply introducing an additional e-beam irradiation step after the degassing process. The CIA acted as both an additive to facilitate a stable interface between the anode and cathode surfaces during activation and as a crosslinker to form a polymer structure during the e-beam irradiation process.

The team's pouch-type battery, employing a gel electrolyte, significantly reduced gas generation from battery side reactions during initial charging and discharging processes, achieving a 2.5-fold decrease compared to conventional batteries. Furthermore, it effectively minimized interfacial resistance due to strong compatibility between electrodes and the gel electrolyte.

Subsequently, the researchers developed a high-capacity battery of 1.2 Ah (ampere-hour) and tested its performance at 55 degrees Celsius, an environment that accelerates electrolyte decomposition. In this condition, batteries using conventional electrolytes experienced substantial gas generation, leading a rapid reduction in capacity with swelling of the battery after 50 cycles. In contrast, the team's battery showed no gas generation and maintained a 1 Ah capacity even after 200 cycles, demonstrating its enhanced safety and durability.

This research is particularly significant because it enables both the safety and commercial viability of gel electrolyte-based batteries to be rapidly mass-produced within existing pouch battery production lines.

Professor Soojin Park of POSTECH commented, "This achievement in stability and commercial viability is poised to be a breakthrough in the electric vehicle industry." He added, "We hope this advancement will greatly benefit not only electric vehicles but also a wide range of other applications that rely on lithium-ion batteries."

The research was conducted with support from the Mid-Career Research Program of the National Research Foundation of Korea.
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Rare Samoan discovery offers clues to origins of inequality | ScienceDaily
The discovery of ancient rock walls and high mounds and ditches in dense jungle in the Falefa Valley on ?Upolu Island in Samoa holds valuable clues to the origins of ancestral land and social hierarchy in Polynesian society, according to a new study.


						
Led by Associate Professor Ethan Cochrane from Waipapa Taumata Rau, University of Auckland, the study makes new connections between a dramatic rise in population in Samoa, richer agricultural land in certain areas and the beginnings of land demarcation and associated social status.

These connections have been of great interest to ordinary Samoans, says Cochrane.

"They have the most intimate knowledge of their land possible and are now able to compare ancient political and village boundaries revealed through archaeology with modern boundaries, and those known through oral tradition, and see where the differences lie."

The team's fieldwork in Samoa hinged around LiDAR (Light Detection and Ranging), a mapping technology that uses light in the form of a pulsed laser to measure variable distances to Earth, from which it creates a topographic map.

Crucially, says Cochrane, when you fly it from a plane, LiDAR penetrates small gaps in thick foliage to reveal what would otherwise have been covered up by a forest canopy.

"This technology has been used for the past 15 to 20 years around the Pacific, and the great thing it can do is strip away even a dense jungle environment. This is one of the first times it's been used in Samoa, so all these impressive rock walls, platforms and mounds, which date back between 600 and 900 years, can be seen in precise detail."

Macheting through dense bush in pouring rain and scorching sun, being attacked by mosquitoes at every turn, very much in "Indiana Jones archaeology" mode, says Cochrane, might not be for everyone, but the rewards in this case make any discomfort worthwhile.




"These structures up close are incredible pieces of architecture. Some were family dwellings made from stone and earth, just like you see today in some Samoan villages, others would have been civic construction projects or ceremonial projects. Some are what are called 'star mounds', as high as two metres, and possibly used for standing on to snare pigeons, which was a chiefly sport."

The study, which was carried out in partnership with the National University of Samoa, and the permission of local villages, is not the first to find these structures, but it is the first to connect the timing and reasons for building them with what it refers to as a 'collective action problem', he says.

"We've figured out that this building of stuff -- kilometre-long rock walls that limit access to land, ditches for irrigation to create a productive wetland agricultural system -- is a response to a massive population rise in Samoa that we know happened around that time [from 900 years ago]."

"In this instance, sharing resources with everyone would mean less for everyone, so the problem becomes, 'when does it become advantageous for individuals to contribute to collective defence at a cost to themselves and to exclude other groups from access to the group's resources?'"

After this rapid population rise in the valley, he says, people did exactly that; they fenced areas away from others to preserve their own access to a valuable resource.

"In this case, the earliest massive rock walls are near more fertile land in the western and northern regions of the valley, which we know to be true from analysing soil samples in the area of these structures."

It's possible that the whole Samoan chiefly system, which is seen across Polynesian society generally, was established based on who had access to land in those early times, and who didn't, says Cochrane, and this could also have been the reason for similar changes in early societies worldwide.




"We've often wondered why hierarchical societies arose across the planet over millennia, when around 20,000 years ago, most human societies were more equitable and there were fewer positions of status and power among hunter gatherers.

"Now, however, we live at the other extreme where many societies, if not all, have status, hierarchies and levels where some people have unimaginable power and others have nothing."
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Drivers ready to embrace wireless EV technology | ScienceDaily
Dynamic wireless charging technology allows electric vehicles to charge while in motion, offering a promising solution to the limitations of fixed charging stations. Although it's not available yet, how do Kiwi drivers feel about this innovative technology?


						
A survey of 1150 existing and prospective electric vehicle (EV) drivers shows that although people have concerns about the safety and charging cost of dynamic wireless charging, it's viewed positively overall.

On-road charging systems could revolutionise how we think about EV charging, making it more convenient and less time-consuming for users, say the University of Auckland researchers behind the study: Analysing electric vehicle users' intention to use dynamic wireless charging facilities: A study from New Zealand.

Doctoral candidate Ramesh Majhi, senior lecturer Prakash Ranjitkar (Faculty of Engineering) and senior research fellow Selena Sheng (Business School) designed a survey to explore people's views of wireless charging technology.

The results showed that 93 percent of respondents are optimistic about dynamic wireless charging technology and would like to try it in the future.

The most compelling advantage of wireless charging, according to those surveyed, is its usefulness, mainly due to the ease and convenience it offers to EV users, potentially transforming the current charging experience by complementing stationary charging stations.

The study shows that people who prioritise sustainability are more inclined to support and use dynamic wireless EV charging.




Additionally, urban users are more likely to adopt the technology than their rural counterparts.

Social influences, including the behaviour and choices of peers, were also found to affect drivers' decisions to use the tech.

But despite the overall enthusiasm, the findings reveal concerns about data privacy, electromagnetic radiation and the potential costs associated with the adoption and use of wireless in-road technology.

"Dynamic wireless charging may not be practical for meeting urban transportation demands. However, it offers significant advantages for intercity travel by reducing EV drivers' reliance on plug-in charging stations that often cause detours on highways," says primary investigator Dr Majhi.

The study insights are crucial for developing effective measures and policies for the successful integration of dynamic wireless charging into the transportation network, says Dr Sheng.

"The movement toward adopting EVs for their sustainability in reducing greenhouse gas emissions faces hurdles regarding inadequate charging infrastructure.

"This is where in-road charging lanes will be of benefit, and it's essential for policymakers to know how best to manage the rollout of this kind of technology in future and to ensure people's concerns are understood, and hopefully alleviated."
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Fuel treatments reduce future wildfire severity | ScienceDaily
There is a common belief that prescribed burning, thinning trees, and clearing underbrush reduce risks of the severity of future fires. But is that true? Sometimes anecdotal evidence or limited observations can create doubt. Researchers from the USDA Forest Service Rocky Mountain Research Station, The Nature Conservancy, and the University of Montana dug deep into the scientific literature for a closer look. Spoiler alert: the answer is "yes" -- proactive ecological forest management can change how fires behave and reduce wildfire severity, under a wide range of conditions and forest types.


						
Researchers found overwhelming evidence that in seasonally dry mixed conifer forests in the western U.S., reducing surface and ladder fuels and tree density through thinning, coupled with prescribed burning or pile burning, could reduce future wildfire severity by more than 60% relative to untreated areas. The study results were recently published in Forest Ecology and Management. You can download this Science You Can Use in 5 minutes for an overview of the research methods, key findings, management considerations, and links to related publications.

Fire is an essential component of many western forests. Yet historic fire suppression and climate change are contributing to increased fire activity and more severe wildfires, where overstory trees are killed. Treatments preparea landscape, priming the next wildfire to burn at lower intensity, burning underbrush and smaller trees. This preserves more mature trees and helps foster a fire level that is more in balance with the landscape.

Kimberley Davis is a Forest Service Research Ecologist and led the project analyzing 40 studies where wildfire burned into different vegetation treatments, spanning 11 western states. The last review of this kind was over a decade ago, with many new case studies and scientific advances since then. Researchers examined effects of various treatments in different forest types, ranging from ponderosa pine forests in Arizona and New Mexico up to the subalpine zones of the northern Rocky Mountains.

The review hands natural resource professionals and communities the evidence needed to support continued investments in managing vegetation and fuels. "These treatments are very effective and the science clearly shows that they can reduce fire severity," said Davis.

While responses varied, generally the combination of thinning and prescribed burning showed the greatest impact on reducing future fire severity. Areas that were only thinned had less benefit in reducing wildfire severity. Prior low or moderate severity wildfire also reduced fire severity in subsequent wildfires, although to a lesser extent than thinning with prescribed burning.

Time also matters. "As treatments get older, they're less effective," said Davis. After ten years treatments were less than half as effective as younger treatments, underscoring the importance of repeated or "maintenance" treatments.

In the long run, forest fuel reduction projects can improve conditions for fire fighters responding to wildfires. They mitigate long-term losses of carbon and wildlife habitat and protect watersheds from more severe wildfire. Treatments also create more options for determining appropriate responses to lightning and other unplanned ignitions. When designed to meet the unique needs of the forest type and nearby communities, these tools can support the longevity of clean water resources, wildlife habitat, and outdoor places to work and recreate.

"This review shows that treatments can reduce future wildfire severity, which is key to protecting important forest habitats," said Kerry L. Metlen, forest ecologist with The Nature Conservancy and a contributing author of the review. "This gives us hope that by accelerating the use of these tools, in conjunction with work to promote fire adapted communities, we can address the wildfire crisis together."
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Novel application of optical tweezers: Colorfully showing molecular energy transfer | ScienceDaily
A novel technique with potential applications for fields such as droplet chemistry and photochemistry has been demonstrated by an Osaka Metropolitan University-led research group.


						
Professor Yasuyuki Tsuboi of the Graduate School of Science and the team investigated Forster resonance energy transfer (FRET), a phenomenon seen in photosynthesis and other natural processes where a donor molecule in an excited state transfers energy to an acceptor molecule.

Using dyes to mark the donor and acceptor molecules, the team set out to see if FRET could be controlled by the intensity of an optical force, in this case a laser beam. By focusing a laser beam on an isolated polymer droplet, the team showed that increased intensity accelerated the energy transfer, made visible by the polymer changing color due to the dyes mixing.

Fluorescence could also be controlled just by adjusting the laser intensity without touching the sample, offering a novel non-contact approach.

"Although this research is still at a basic stage, it may provide new options for a variety of future FRET research applications," Professor Tsuboi explained. "We believe that extending this to quantum dots as well as new polymer systems and fluorescent molecules is the next challenge."
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Personalized magnetic stimulation may help in treating depression | ScienceDaily
Magnetic stimulation therapy may assist patients for whom antidepressants are ineffective. Researchers from the University of Helsinki and Stanford University have developed more precise methods that could, in the future, help to develop individually tailored magnetic stimulation therapies for depression.


						
Not all patients with depression respond to medication. Two recently published studies provide additional information on how an alternative treatment, transcranial magnetic stimulation (TMS), could be further enhanced. TMS differs from electroconvulsive therapy (ECT), which is also used to treat depression.

Researchers from the University of Helsinki and Stanford University investigated which factors in targeting TMS influence the brain's electrical responses. They examined the behavior of a specific electrophysiological marker. This marker could potentially be used as a biomarker in the future to measure the efficacy of TMS treatment and thus help target and tailor the therapy.

"Magnetic stimulation is an effective treatment for patients whose depression is not alleviated by medication. However, currently, about half of these patients do not receive significant help from TMS. The biomarker we studied may help predict who will benefit from the therapy. In the future, it may also be possible to tailor the treatment individually," says postdoctoral researcher Juha Gogulski from Stanford, University of Helsinki and Aalto University.

Individual optimization is worthwhile

The first study addressed an electrophysiological marker that describes cortical excitability and the sources of error affecting its measurement. Researchers studied healthy subjects to determine how magnetic stimulation targeted to the prefrontal cortex and the angle of the stimulation coil affected cortical excitability, that is, the responses measured on an electroencephalogram (EEG) immediately after the stimulation pulse.

"The results showed that targeting of the stimulation coil in different parts of the prefrontal cortex significantly affected the quality of electrical responses. Additionally, we found indications that individual optimization of the stimulation site and coil angle may further improve the quality of this metric," says Gogulski.




The second study dealt with the reliability of the same electrophysiological marker in the prefrontal cortex. The study revealed that the most significant factor affecting reliability was the stimulation site.

"Before we can develop personalized TMS therapy, we must ensure that the excitability of the prefrontal cortex can be measured as accurately as possible in individual patients to be able to monitor how TMS treatment changes brain excitability. Determining reliability is also essential before this type of biomarker can be applied clinically," says Gogulski.

Potential benefits are significant, more research needed

Magnetic stimulation already helps some people with depression, but according to Gogulski, the effectiveness of TMS therapy varies between individuals. More precisely tailored treatment might improve outcomes.

"There are many possible factors in TMS therapy that could be used for individual tailoring, such as the stimulation site, the number and frequency of pulses, the intensity of the stimulation, and the number of treatment sessions. The side effects of TMS therapy are minimal, with the most common being a temporary, mild headache."

According to Gogulski, what makes the new studies significant is that this detailed systematic mapping of the electrical responses of the prefrontal cortex and their reliability has not been done before. The researchers hope that in the future, the effectiveness of TMS therapy can be monitored by measuring the brain's electrical responses during treatment. Based on these measurements, it might be possible to fine-tune the stimulation if necessary, even during the treatment.

"The results of both studies will be utilized in the future when designing individual brain stimulation therapies based on electrical biomarkers. However, more research is needed before new treatment methods can be implemented," says Gogulski.
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The hippocampus, the cerebral conductor of our daily priorities | ScienceDaily
How does our brain distinguish between urgent and less urgent goals? Researchers at the University of Geneva (UNIGE) and the Icahn School of Medicine in New York have explored how our brain remembers and adjusts the goals we set ourselves on a daily basis. Their study reveals differences in the way we process immediate and distant goals, at both behavioural and cerebral levels. These discoveries, described in the journal Nature Communications, could have significant implications for understanding psychiatric disorders, particularly depression, which can hamper the formulation of clear goals.


						
Throughout the day, we set ourselves goals to achieve: picking up the children from school in an hour, preparing dinner in three hours, making a doctor's appointment in five days or mowing the lawn in a week. These goals, both urgent and less urgent, are constantly redefined according to the events that occur throughout the day.

Researchers from the UNIGE and the Icahn School of Medicine at Mont Sinai Hospital in New York have studied how the brain memorises and updates the goals to be achieved. More specifically, how the brain sorts out which goals require immediate attention and which do not. Their study focused on a particular region of the brain, the hippocampus, because of its established role in episodic memory. This is responsible for encoding, consolidating and retrieving personally experienced information, integrating its emotional, spatial and temporal context.

An imaginary mission to Mars, in the time of an MRI scan 

Neuroscientists asked 31 people to project themselves into an imaginary 4-year space mission to Mars, requiring them to achieve a series of objectives crucial to their survival (taking care of their space helmet, taking exercise, eating certain foods, etc.). The mission objectives varied according to when they had to be achieved, with different tasks for each of the four years of the journey.

As participants progressed through the mission, they were presented with the same objectives. They were then asked to indicate whether these were past, present or future goals. As the participants moved forward in time, the relevance of these objectives changed: objectives initially planned for the future became current needs, while current needs became past objectives. In this way, participants had to manage several objectives at different distances in time and update their priorities as their mission progressed.

Prioritising immediate objectives 

The team observed the reaction times of each individual to determine whether the task was to be achieved in the present, the past or the future. ''Goals to be achieved immediately are recognised more quickly than those to be achieved in the distant future. This different processing of stored information reveals the priority given to needs in the present over those in the distant future. It takes extra time to mentally travel back in time to retrieve past and future goals,'' explains Alison Montagrin, research and teaching fellow in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine, former post-doctoral fellow at the Icahn School of Medicine, and first author of the study.




The scientists also investigated whether differences were also apparent at the cerebral level. Images obtained using very high-resolution MRI revealed that, when retrieving information about the present, the hippocampus is activated in its posterior region. On the other hand, when recalling past goals or goals to be achieved in the future, the anterior region is activated.

''These results are particularly interesting because previous studies have shown that when we call on our episodic memory or our spatial memory, the anterior region of the hippocampus is involved in retrieving general information, while the posterior part deals with details. It will therefore be interesting to explore whether -- unlike immediate goals -- projection into the future or recall of a past goal do not require specific details, but a general representation is sufficient,'' concludes the researcher.

This research shows that the time scale plays a crucial role in the way people set personal goals. This could have important implications for understanding psychiatric disorders such as depression. Indeed, people suffering from depression may present difficulties in forming specific goals and envisage more obstacles in reaching their objectives. Investigating whether these people perceive the distance to their goals differently -- which could make them pessimistic about their chances of success -- could open up a therapeutic avenue.
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International collaboration lays the foundation for future AI for materials | ScienceDaily
Artificial intelligence (AI) is accelerating the development of new materials. A prerequisite for AI in materials research is large-scale use and exchange of data on materials, which is facilitated by a broad international standard. A major international collaboration now presents an extended version of the OPTIMADE standard.


						
New technologies in areas such as energy and sustainability involving for example batteries, solar cells, LED lighting and biodegradable materials require new materials. Many researchers around the world are working to create materials that have not existed before. But there are major challenges in creating materials with the exact properties required, such as not containing environmentally hazardous substances and at the same time being durable enough to not break down.

"We're now seeing an explosive development where researchers in materials science are adopting AI methods from other fields and also developing their own models to use in materials research. Using AI to predict properties of different materials opens up completely new possibilities," says Rickard Armiento, associate professor at the Department of Physics, Chemistry and Biology (IFM) at Linkoping University in Sweden.

Today, many demanding simulations are performed on supercomputers that describe how electrons move in materials, which gives rise to different material properties. These advanced calculations yield large amounts of data that can be used to train machine learning models.

These AI models can then immediately predict the responses to new calculations that have not yet been made, and by extension predict the properties of new materials. But huge amounts of data are required to train the models.

"We're moving into an era where we want to train models on all data that exist," says Rickard Armiento.

Data from large-scale simulations, and general data about materials, are collected in large databases. Over time, many such databases have emerged from different research groups and projects, like isolated islands in the sea. They work differently and often use properties that are defined in different ways.

"Researchers at universities or in industry who want to map materials on a large scale or want to train an AI model must retrieve information from these databases. Therefore, a standard is needed so that users can communicate with all these data libraries and understand the information they receive," says Gian-Marco Rignanese, professor at the Institute of Condensed Matter and Nanosciences at UCLouvain in Belgium.

The OPTIMADE (Open databases integration for materials design) standard has been developed over the past eight years. Behind this standard is a large international network with over 30 institutions worldwide and large materials databases in Europe and the USA. The aim is to give users easier access to both leading and lesser-known materials databases. A new version of the standard, v1.2, is now being released, and is described in an article published in the journal Digital Discovery. One of the biggest changes in the new version is a greatly enhanced possibility to accurately describe different material properties and other data using common, well-founded definitions.

The international collaboration spans the EU, the UK, the US, Mexico, Japan and China together with institutions such as Ecole Polytechnique Federale de Lausanne (EPFL), University of California Berkeley, University of Cambridge, Northwestern University, Duke University, Paul Scherrer Institut, and Johns Hopkins University. Much of the collaboration takes place in meetings with annual workshops funded by CECAM (Centre Europeen de Calcul Atomique et Moleculaire) in Switzerland, with the first one funded by the Lorentz Center in the Netherlands. Other activities have been supported by the organisation Psi-k, the competence centre NCCR MARVEL in Switzerland, and the e-Science Research Centre (SeRC) in Sweden. The researchers in the collaboration receive support from many different financiers.
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New study confirms forever chemicals are absorbed through human skin | ScienceDaily
A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.


						
New research, published today in Environment International proves for the first time that a wide range of PFAS (perfluoroalkyl substances) -- chemicals which do not break down in nature -- can permeate the skin barrier and reach the body's bloodstream.

PFAS are used widely in industries and consumer products from school uniforms to personal care products because of their water and stain repellent properties. While some substances have been banned by government regulation, others are still widely used and their toxic effects have not yet been fully investigated.

PFAS are already known to enter the body through other routes, for example being breathed in or ingested via food or drinking water, and they are known to cause adverse health effects such as a lowered immune response to vaccination, impaired liver function and decreased birth weight.

It has commonly been thought that PFAS are unable to breach the skin barrier, although recent studies have shown links between the use of personal care products and PFAS concentrations in human blood and breast milk. The new study is the most comprehensive assessment yet undertaken of the absorption of PFAS into human skin and confirms that most of them can enter the body via this route.

Lead author of the study, Dr Oddny Ragnarsdottir carried out the research while studying for her PhD at the University of Birmingham. She explained: "The ability of these chemicals to be absorbed through skin has previously been dismissed because the molecules are ionised. The electrical charge that gives them the ability to repel water and stains was thought to also make them incapable of crossing the skin membrane.

"Our research shows that this theory does not always hold true and that, in fact, uptake through the skin could be a significant source of exposure to these harmful chemicals."

The researchers investigated 17 different PFAS. The compounds selected were among those most widely used, and most widely studied for their toxic effects and other ways through which humans might be exposed to them. Most significantly, they correspond to chemicals regulated by the EU's Drinking Water Directive.




In their experiments the team used 3D human skin equivalent models -- multilayered laboratory grown tissues that mimic the properties of normal human skin, meaning the study could be carried out without using any animals. They applied samples of each chemical to measure what proportions were absorbed, unabsorbed, or retained within the models.

Of the 17 PFAS tested, the team found 15 substances showed substantial dermal absorption -- at least 5% of the exposure dose. At the exposure doses examined, absorption into the bloodstream of the most regulated PFAS (perfluoro octanoic acid (PFOA)) was 13.5% with a further 38% of the applied dose retained within the skin for potential longer-term uptake into the circulation.

The amount absorbed seemed to correlate with the length of the carbon chain within the molecule. Substances with longer carbon chains showed lower levels of absorption, while compounds with shorter chains that were introduced to replace longer carbon chain PFAS like PFOA, were more easily absorbed. Absorption of perfluoro pentanoic acid for example was four times that of PFOA at 59%.

Study co-author, Dr Mohamed Abdallah, said "our study provides first insight into significance of the dermal route as pathway of exposure to a wide range of forever chemicals. Given the large number of existing PFAS, it is important that future studies aim to assess the risk of broad ranges of these toxic chemicals, rather than focusing on one chemical at a time."

Study co-author, Professor Stuart Harrad, of the University of Birmingham's School of Geography, Earth and Environmental Sciences, added: "This study helps us to understand how important exposure to these chemicals via the skin might be and also which chemical structures might be most easily absorbed. This is important because we see a shift in industry towards chemicals with shorter chain lengths because these are believed to be less toxic -- however the trade-off might be that we absorb more of them, so we need to know more about the risks involved."
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New study demonstrates the efficacy of a promising celiac disease drug at the molecular level | ScienceDaily
A recent study led by researchers at Tampere University investigated whether a transglutaminase 2 inhibitor has potential as a drug to treat celiac disease. Previous tissue studies have shown that the ZED1227 transglutaminase 2 inhibitor prevents gluten-induced intestinal damage. The results of the new study, based on an analysis of the molecular activity of more than 10,000 genes, provide very strong evidence that the first successful drug to treat celiac disease may be at hand.


						
Consuming gluten-containing cereals, i.e. wheat, barley, and rye, leads to an abnormal immune response in the small intestine and the development of celiac disease in up to 2% of the population. Currently, no drug therapy exists, and a life-long strict gluten-free diet is the only available treatment. However, symptoms and intestinal damage caused by hidden gluten can occur even in patients who are following a strict diet.

"Blood antibody tests and traditional tissue tests do not necessarily tell the whole truth about the condition of the intestinal mucosa. Our previous studies have shown that even though the intestinal tissue may look healthy, it can still have a molecular 'scar' and, for example, the expression of genes promoting the absorption of vitamins and trace elements may be deficient. This probably explains the often-observed deficiencies of trace elements in celiac patients despite a gluten-free diet," says Keijo Viiri, Adjunct Professor of Cellular and Molecular Biology.

In a previous tissue study coordinated by Professor Emeritus Markku Maki from Tampere University, the ZED1227 transglutaminase 2 inhibitor was shown to prevent gluten-induced intestinal damage in patients with celiac disease. However, its mechanisms of action are not fully understood yet. A new international study led by Tampere University analysed molecular mechanisms to investigate whether ZED1227 is a potential drug candidate for treating celiac disease.

The study evaluated the efficacy and molecular mechanisms of ZED1227 by analysing intestinal biopsies collected from celiac patients. The biopsies were taken after a long-term gluten-free diet and again after six weeks of gluten exposure, during which the patients were given 3 grams of gluten per day. At the same time, some patients were given a daily dose of 100 milligrams of ZED1227 and others a placebo.

"By measuring gene activity, we found that orally ingested ZED1227 effectively prevented gluten-induced intestinal mucosal damage and inflammation. In the drug group, the activity of the genes responsible for the absorption of nutrients and trace elements also returned to the pre-gluten exposure level," Viiri says.

In the intestines of celiac patients, inflammation and mucosal damage occur through several cellular and molecular events when gluten binds to human leukocyte antigen (HLA) molecules. However, gluten can only bind to HLA when the small intestine's transglutaminase 2 enzyme first chemically modifies, i.e. deamidates, the structure of gluten. The effectiveness of ZED1227 is based on its ability to prevent deamidation.

"It is still premature to say that ZED1227 will be the celiac medicine of the future eliminating the need for a gluten-free diet. However, it is a strong drug candidate that could potentially be used in conjunction with a gluten-free diet. If or when the ZED1227 medicine becomes available, it would also be useful to apply personalised medicine especially to celiac patients with the high-risk HLA genotype," Viiri points out.
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        Solar technology: Innovative light-harvesting system works very efficiently
        Researchers are reporting progress on the road to more efficient utilization of solar energy: They have developed an innovative light-harvesting system.

      

      
        Almonds, pottery, wood help date famed Kyrenia shipwreck
        Researchers have identified the likeliest timeline of the famous Hellenistic-era Kyrenia shipwreck, discovered and recovered off the north coast of Cyprus in the 1960s.

      

      
        How do our memories last a lifetime? New study offers a biological explanation
        A new study by a team of international researchers has uncovered a biological explanation for long-term memories. It centers on the discovery of the role of a molecule, KIBRA, that serves as a 'glue' to other molecules, thereby solidifying memory formation.

      

      
        Shocked quartz reveals evidence of historical cosmic airburst
        Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.

      

      
        Pillars of creation star in new visualization from NASA's Hubble and Webb telescopes
        Made famous in 1995 by NASA's Hubble Space Telescope, the Pillars of Creation in the heart of the Eagle Nebula have captured imaginations worldwide with their arresting, ethereal beauty. Now, NASA has released a new 3D visualization of these towering celestial structures using data from NASA's Hubble and James Webb space telescopes. This is the most comprehensive and detailed multiwavelength movie yet of these star-birthing clouds.

      

      
        Iceland's volcano eruptions may last decades
        Scientists predict from geochemical data that Iceland is entering a new volcanic era that will last for decades, possibly centuries. Under an hour's drive from the country's capital city, the ongoing eruptions pose considerable risks for economic disruption, and they leave evacuated communities uncertain of a possible return.

      

      
        Surprising phosphate finding in NASA's OSIRIS-REx asteroid sample
        Early analysis of the asteroid Bennu sample returned by NASA's OSIRIS-REx mission has revealed dust rich in carbon, nitrogen, and organic compounds, all of which are essential components for life as we know it. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth. The magnesium-sodium phosphate found in the sample hints that the asteroid could have splintered off from an ancient, small, primitive ocean world.

      

      
        'A hearty debate' concludes plant-based meat alternatives are healthier for your heart than meat
        Even though there is substantial variability in the contents and nutritional profiles of plant-based meat alternatives (PBMAs), the nutritional profiles tend to reflect a heart-healthy dietary pattern. A review article of the available studies directly comparing the impact of plant-based and animal-based meats consistently suggests that the plant-based alternatives improve cardiovascular risk factors.

      

      
        Non-stop flight: 4,200 km transatlantic flight of the Painted Lady butterfly mapped
        In October 2013 a researcher made a surprising discovery of Painted Lady Butterflies on the Atlantic beaches of French Guiana -- a species not typically found in South America. This unusual sighting prompted an international study to investigate the origin of these butterflies.

      

      
        Your future medications could be personalized for you on a 3D printer
        Scientists are helping to develop standards and safety protocols that would allow pharmacies to print drugs onsite at a dosage best for you.

      

      
        Wildfires increasingly threaten oil and gas drill sites, compounding potential health risks
        More than 100,000 oil and gas wells across the western U.S. are in areas burned by wildfires in recent decades, a new study has found, and some 3 million people live next to wells that in the future could be in the path of fires worsened by climate change.

      

      
        Moving objects precisely with sound
        Researchers have succeeded in directing floating objects around an aquatic obstacle course using only soundwaves. Their novel, optics-inspired method holds great promise for biomedical applications such as noninvasive targeted drug delivery.

      

      
        Telltale greenhouse gases could signal alien activity
        If aliens modified a planet in their solar system to make it warmer, we'd be able to tell. A new study identifies the artificial greenhouse gases that would be giveaways of a terraformed planet.

      

      
        Marsquakes may help reveal whether liquid water exists underground on red planet
        If liquid water exists today on Mars, it may be too deep underground to detect with traditional methods used on Earth. But listening to earthquakes that occur on Mars -- or marsquakes -- could offer a new tool in the search.

      

      
        Geologists expect Chang'e-6 lunar surface samples to contain volcanic rock and impact ejecta
        On June 25, China's Chang'e-6 (CE-6) lunar probe is set to return to Earth, carrying the first surface samples collected from the farside of the Moon. In anticipation of this historic event, scientists are publishing their predictions for the unique materials that may be found in the CE-6 samples.

      

      
        Myths about intermittent fasting, debunked
        Research shows that the increasingly popular weight-loss strategy is safe. Intermittent fasting has become an increasingly popular way to lose weight without counting calories. And a large body of research has shown it s safe. Still, several myths about fasting have gained traction.

      

      
        Researchers develop RNA-targeting technology for precisely manipulating parts of human genes
        Researchers have harnessed a bacterial immune defense system, known as CRISPR, to efficiently and precisely control the process of RNA splicing. The technology opens the door to new applications, including systematically interrogating the functions of parts of genes and correcting splicing deficiencies that underlie numerous diseases and disorders.

      

      
        Facial recognition linked to close social bonds, not social butterflies
        Do you have trouble recognizing faces, or do you never forget a face? The better you are at facial recognition, the more supportive relationships you are likely to have, regardless of your personality type.

      

      
        New study confirms forever chemicals are absorbed through human skin
        A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.

      

      
        A hidden treasure in the Milky Way -- Astronomers uncover ultrabright x-ray source
        Astronomers uncovered that a well-known X-ray binary, whose exact nature has been a mystery to scientists until now, is actually a hidden ultraluminous X-ray source.

      

      
        Carbon dioxide's heavy stamp on temperature: Doubling CO2 may mean 7 to 14 degree increase
        A doubling of the amount of CO2 in the atmosphere could cause an increase in the average temperature on earth from 7 to even a maximum of 14 degrees. That is shown in the analysis of sediments from the Pacific Ocean off the coast of California.

      

      
        Star clusters observed within a galaxy in the early Universe
        The history of how stars and galaxies came to be and evolved into the present day remains among the most challenging astrophysical questions to solve yet, but new research brings us closer to understanding it. New insights about young galaxies during the Epoch of Reionization have been revealed. Observations with the James Webb Space Telescope (JWST) of the galaxy Cosmic Gems arc (SPT0615-JD) have confirmed that the light of the galaxy was emitted 460 million years after the big bang. What makes ...

      

      
        Semaglutide leads to greater weight loss in women than men with HF and improves HF symptoms
        Semaglutide, a medication initially developed for type 2 diabetes and obesity, significantly improves symptoms in men and women with a common type of heart failure that has had few therapeutic options. Women experienced greater weight loss and the same symptom benefits compared with men.

      

      
        Simple test for flu could improve diagnosis and surveillance
        Fewer than one percent of people who get the flu every year get tested, in part because most tests require trained personnel and expensive equipment. Now researchers have developed a low-cost paper strip test that could allow more patients to find out which type of flu they have and get the right treatment. The test uses CRISPR to distinguish between the two main types of seasonal flu, influenza A and B, as well as seasonal flu subtypes H1N1 and H3N2. It can also identify strains that resist anti...

      

      
        Study challenges popular idea that Easter islanders committed 'ecocide'
        Some 1,000 years ago, a small band of Polynesians sailed thousands of miles across the Pacific to settle one of the world's most isolated places -- a small, previously uninhabited island they named Rapa Nui. Eventually, their numbers ballooned to unsustainable levels, they wrecked the environment, and their civilization collapsed. At least that is the longtime story, told in academic studies and popular books. A new study challenges this narrative of 'ecocide' saying that Rapa Nui's population ne...

      

      
        Chilling discovery: Study reveals evolution of human cold and menthol sensing protein, offering hope for future non-addictive pain therapies
        Menthol sensing appeared long before cold sensing, suggesting distinct activation modes that can be disentangled, paving the way for new pain therapies without adverse thermal side effects.

      

      
        Prying open the AI black box
        Meet SQUID, a new computational tool. Compared with other genomic AI models, SQUID is more consistent, reduces background noise, and can yield better predictions regarding critical mutations. The new system aims to bring scientists closer to their findings' true medical implications.

      

      
        New study finds dinosaur fossils did not inspire the mythological griffin
        For centuries, scientists thought they knew where the griffin legend came from. A new study takes a closer look at the data and folklore's influence on science.

      

      
        Guiding humanity beyond the moon
        What actually happens to the human body in space? While scientists and researchers have heavily researched how various factors impact the human body here on Earth, the amount of information available about changes that occur in the body in space is not as well-known. Scientists have been studying for years how the body, specifically on the molecular side, changes in space. Recently, findings depict how the modern tools of molecular biology and precision medicine can help guide humanity into more ...

      

      
        Iron meteorites hint that our infant solar system was more doughnut than dartboard
        Iron meteorites are remnants of the metallic cores of the earliest asteroids in our solar system. Iron meteorites contain refractory metals, such as iridium and platinum, that formed near the sun but were transported to the outer solar system. New research shows that for this to have happened, the protoplanetary disk of our solar system had to have been doughnut-shaped because the refractory metals could not have crossed the large gaps in a target-shaped disk of concentric rings. The paper sugges...

      

      
        Supermassive black hole appears to grow like a baby star
        Supermassive black holes pose unanswered questions for astronomers around the world, not least 'How do they grow so big?' Now, an international team of astronomers has discovered a powerful rotating, magnetic wind that they believe is helping a galaxy's central supermassive black hole to grow. The swirling wind, revealed with the help of the ALMA telescope in nearby galaxy ESO320-G030, suggests that similar processes are involved both in black hole growth and the birth of stars.

      

      
        Walking brings huge benefits for low back pain
        Adults with a history of low back pain went nearly twice as long without a recurrence of their back pain if they walked regularly, a world-first study has found.

      

      
        Sweat health monitor measures levels of disease markers
        A wearable health monitor can reliably measure levels of important biochemicals in sweat during physical exercise. The 3D-printed monitor could someday provide a simple and non-invasive way to track health conditions and diagnose common diseases, such as diabetes, gout, kidney disease or heart disease. The monitor was able to accurately monitor the levels of volunteers' glucose, lactate and uric acid as well as the rate of sweating during exercise.

      

      
        Newly discovered dinosaur boasts big, blade-like horns
        A new dinosaur has been identified and named. The dinosaur's name, Lokiceratops rangiformis, translates roughly to 'Loki's horned face that looks like a caribou.'

      

      
        First conclusive evidence that a terrestrial leech species can jump
        A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century.

      

      
        New genetic cause of obesity could help guide treatment
        Scientists have discovered a new cause of why people who lack a specific blood group are genetically predisposed to be overweight or obese.

      

      
        Climate models underestimate carbon cycling through plants
        The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.

      

      
        Hurricane changed 'rules of the game' in monkey society
        A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.

      

      
        New catalyst unveils the hidden power of water for green hydrogen generation
        A team of scientists reports a new milestone for the sustainable production of green hydrogen through water electrolysis. Their new catalyst design harnesses so far unexplored properties of water to achieve, for the first time, an alternative to critical raw materials for water electrolysis at industrial-relevant conditions.
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Solar technology: Innovative light-harvesting system works very efficiently | ScienceDaily
In order to convert sunlight into electricity or other forms of energy as efficiently as possible, the very first step is an efficient light-harvesting system. Ideally, this should be panchromatic, i.e. absorb the entire spectrum of visible light.


						
The light-collecting antennae of plants and bacteria are a model for this. They capture a broad spectrum of light for photosynthesis, but are very complex in structure and require many different dyes to transmit the energy of the absorbed light and focus it on a central point.

The light-harvesting systems developed by humans to date also have disadvantages:

Although inorganic semiconductors such as silicon are panchromatic, they only absorb light weakly. In order to absorb enough light energy, very thick layers of silicon in the micrometre range are therefore required -- making solar cells relatively bulky and heavy.

Organic dyes that are suitable for solar cells are much thinner: their layer thickness is only around 100 nanometres. However, they are barely able to absorb a broad spectral range and are therefore not particularly efficient.

Thin Layer Absorbs a Lot of Light Energy

Researchers at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany, in the journal Chem have now presented an innovative light-harvesting system that differs significantly from previous systems.




"Our system has a band structure similar to that of inorganic semiconductors. This means that it absorbs light panchromatically across the entire visible range. And it uses the high absorption coefficients of organic dyes. As a result, it can absorb a great deal of light energy in a relatively thin layer, similar to natural light-harvesting systems," says JMU chemistry professor Frank Wurthner. His team from the Institute of Organic Chemistry / Center for Nanosystems Chemistry designed the light-harvesting system at JMU and investigated it together with Professor Tobias Brixner's group from the Institute of Physical and Theoretical Chemistry.

Four Dyes in an Ingenious Arrangement

Put simply, the innovative light-harvesting antenna from Wurzburg consists of four different merocyanine dyes that are folded and thereby stacked closely together. The elaborate arrangement of the molecules enables ultra-fast and efficient energy transport within the antenna.

The researchers have given the prototype of the new light-harvesting system the name URPB. The letters stand for the light wavelengths that are absorbed by the four dye components of the antenna: U for ultraviolet, R for red, P for purple, B for blue.

Proven Performance Via Fluorescence

The researchers have demonstrated that their novel light-collecting system works so well by measuring the so-called fluorescence quantum yield. This involves measuring how much energy the system emits in the form of fluorescence. This allows conclusions to be drawn about the amount of light energy that it has previously collected.

The result: the system converts 38 per cent of the irradiated light energy over a broad spectral range into fluorescence -- the four dyes on their own, on the other hand, manage less than one per cent to a maximum of three per cent. The right combination and skilful spatial arrangement of dye molecules in the stack therefore make a big difference.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240626152221.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Almonds, pottery, wood help date famed Kyrenia shipwreck | ScienceDaily
Historic shipwrecks often evoke dreams of sunken riches waiting on the bottom of the ocean to be reclaimed.


						
For the Cornell researchers trying to date the famous Hellenistic-era Kyrenia shipwreck, which was discovered and recovered off the north coast of Cyprus in the 1960s, the real treasure was not gold coins, but thousands of almonds found in jars among the cargo.

The almonds, combined with newly cleaned wood samples and the team's modeling and radiocarbon-dating expertise, led the Cornell Tree-Ring Laboratory to identify the likeliest timeline of the Kyrenia's sinking as between 296-271 BCE, with a strong probability it occurred between 286-272 BCE.

The team's paper, "A Revised Radiocarbon Calibration Curve 350-250 BCE Impacts High-Precision Dating of the Kyrenia Ship," will publish June 26 at 2 pm ET in PLoS ONE. The lead author is Sturt Manning, Distinguished Professor of Arts and Sciences in Classical Archaeology in the College of Arts and Sciences.

The Kyrenia has a storied legacy as the first major Greek Hellenistic-period ship to be found, in 1965, with a largely intact hull. From 1967-69, it was excavated along with its cargo, which included hundreds of ceramic vessels, then reassembled offsite and scientifically studied.

"Kyrenia was one of the first times it was realized this type of rich evidence from the classical world could be found largely intact more than 2,000 years later on the seabed, if you could find it," said Sturt Manning. "It was a bit of a landmark moment, the idea that you actually could dive, excavate and bring up a classical-era ship and so discover this long-past world directly. Shipwrecks are unique time capsules, and you can get amazing preservation."

For the last six decades, the Kyrenia has provided archeologists and historians with key insights into the development of ancient ship technology, construction practices and maritime trade. To date, no fewer than three Kyrenia replicas have been produced and launched, and these reconstructions have yielded considerable information on ancient ships and their sailing performance. However, the timeline of the Kyrenia's provenance and the exact date of its sinking has always been vague at best. The initial efforts to date the ship were based on its recovered artifacts, such as the pottery on board and a small batch of coins, which initially led researchers to estimate the ship was built and sank in the later 300s BCE.




"Classical texts and finds at port sites already told us this era was significant for widespread maritime trade and connections all around the Mediterranean -- an early period of globalization," Manning said. "But the discovery of the Kyrenia ship, just under 15 meters long, likely with a crew of four, dramatically made this all very immediate and real. It yielded key insights into the practicalities of the earlier part of a millennium of intense maritime activity in the Mediterranean, from Greek through Late Antique times."

The first volume of the final publication of the Kyrenia ship project, released last year, argued the wrecking date was a little later, closer to 294-290 BCE, but the primary piece of evidence -- a poorly preserved, nearly illegible coin -- was not watertight.

Manning's team, which included co-authors Madeleine Wenger '24 and Brita Lorentzen, '06, Ph.D. '15, sought to secure a date.

The perils of polyethylene glycol

The biggest hurdle for accurately dating the Kyrenia has been another artifact, one from the 20th century: polyethylene glycol (PEG). Excavators and preservationists often applied the petroleum-based compound to waterlogged wood to prevent it from decomposing after it was lifted out of the ocean's oxygen-free environment.

"PEG was a standard treatment for decades. The trouble is it's a petroleum product," Manning said, "which means that if you've got PEG in the wood, you have this contamination from ancient fossil carbon that makes radiocarbon dating impossible."

Manning's team worked with researchers at the University of Groningen in the Netherlands to develop a new method to clean PEG out of wood, and they demonstrated it on PEG-treated Roman-era samples from Colchester, England, that already had established dendrochronological (tree-ring sequence) dates.




"We removed the PEG from the wood, we radiocarbon dated it and we showed that in each case, we got a radiocarbon age consistent with the real (known) age," Manning said. "We basically got 99.9% of the PEG removed."

They used that technique to remove PEG from a Kyrenia sample that Manning and collaborators had tried, and failed, to accurately date 10 years ago. The team also now dated a tiny, twisted piece of wood that was salvaged from the Kyrenia in the late 1960s but was too small to be included in the reconstruction, thus avoiding PEG-treatment. It subsequently sat in a jar of water in a museum for 50-odd years.

The dates showed that the most recent preserved tree-rings from these timbers grew in the mid-later 4th century BCE. Because the samples did not include bark, the researchers couldn't determine the exact date the original trees were felled, but could say the date was likely after approximately 355-291 BCE.

Organic evidence

Working with the Kyrenia's original excavation team, the researchers examined its various artifacts, including the pottery and coins, with a focus on organic materials, including an astragalus (a sheep or goat ankle bone once used for games and divining rituals in several ancient cultures) and thousands of fresh green almonds found in some of the large amphorae, i.e., ceramic jars. These "short-lived" sample materials helped define the date of the ship's last voyage.

The team applied combined statistical modeling with the dendrochronology of the wood samples to get a level of dating that was much more precise than previous efforts. The modeling identified the most likely range of dates for the final voyage to be between 305-271 BCE (95.4% probability) and 286-272 BCE (68.3% probability) -- several years more recent than current estimations.

But there was one big hiccup along the way. The new dates didn't align with the international radiocarbon calibration curve, which is based on known-age tree-rings and is used to convert radiocarbon measurements into calendar dates for the northern hemisphere.

Manning took a closer look at data behind the calibration curve, which has been assembled over many decades by dozens of labs and hundreds of scientists. He discovered that the period between 350 and 250 BCE had no modern accelerator mass spectrometry (AMS) radiocarbon data behind it. Instead, the calibration curve in this period relied on only a few measurements conducted in the 1980s and 1990s using an older type of radiocarbon-dating technology. With collaborators in the U.S. and the Netherlands, the team measured known-age single-year sequoia and oak samples to re-calibrate the curve for the period 433-250 BCE. That not only helped clarify a big spike in radiocarbon production caused by a minimum of solar activity centered around 360 BCE, but also led to important revisions to the curve in the period around 300 BCE -- improvements that were critical to dating the Kyrenia.

Manning anticipates the new findings will not only clarify the timeline of the Kyrenia and its cargo but will also help researchers using the calibration curve for very different projects.

"This revised curve 400-250 BCE now has relevance to other problems that researchers are working on whether in Europe or China or somewhere else in the northern hemisphere," he said. "Half of the people who cite the paper in the future will be citing the fact that we've revised the radiocarbon calibration curve in this period, and only half will be saying the Kyrenia shipwreck is really important and has a much better date."

Co-authors include researchers from the Oxford Dendrochronology Laboratory, the University of Groningen and the University of California, Irvine.
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How do our memories last a lifetime? New study offers a biological explanation | ScienceDaily
Whether it's a first-time visit to a zoo or when we learned to ride a bicycle, we have memories from our childhoods kept well into adult years. But what explains how these memories last nearly an entire lifetime?


						
A new study in the journal Science Advances, conducted by a team of international researchers, has uncovered a biological explanation for long-term memories. It centers on the discovery of the role of a molecule, KIBRA, that serves as a "glue" to other molecules, thereby solidifying memory formation.

"Previous efforts to understand how molecules store long-term memory focused on the individual actions of single molecules," explains Andre Fenton, a professor of neural science at New York University and one of the study's principal investigators. "Our study shows how they work together to ensure perpetual memory storage."

"A firmer understanding of how we keep our memories will help guide efforts to illuminate and address memory-related afflictions in the future," adds Todd Sacktor, a professor at SUNY Downstate Health Sciences University and one of the study's principal investigators.

It's been long-established that neurons store information in memory as the pattern of strong synapses and weak synapses, which determines the connectivity and function of neural networks. However, the molecules in synapses are unstable, continually moving around in the neurons, and wearing out and being replaced in hours to days, thereby raising the question: How, then, can memories be stable for years to decades?

In a study using laboratory mice, the scientists focused on the role of KIBRA, or kidney and brain expressed protein, the human genetic variants of which are associated with both good and poor memory. They focused on KIBRA's interactions with other molecules crucial to memory formation -- in this case, protein kinase Mzeta (PKMzeta). This enzyme is the most crucial molecule for strengthening normal mammalian synapses that is known, but it degrades after a few days.

Their experiments reveal that KIBRA is the "missing link" in long-term memories, serving as a "persistent synaptic tag," or glue, that sticks to strong synapses and to PKMzeta while also avoiding weak synapses.




"During memory formation the synapses involved in the formation are activated -- and KIBRA is selectively positioned in these synapses," explains Sacktor, a professor of physiology, pharmacology, anesthesiology, and neurology at SUNY Downstate. "PKMzeta then attaches to the KIBRA-synaptic-tag and keeps those synapses strong. This allows the synapses to stick to newly made KIBRA, attracting more newly made PKMzeta."

More specifically, their experiments in the Science Advances paper show that breaking the KIBRA-PKMzeta bond erases old memory. Previous work had shown that randomly increasing PKMzeta in the brain enhances weak or faded memories, which was mysterious because it should have done the opposite by acting at random locations, but the persistent synaptic tagging by KIBRA explains why the additional PKMzeta was memory enhancing, by only acting at the KIBRA tagged sites.

"The persistent synaptic tagging mechanism for the first time explains these results that are clinically relevant to neurological and psychiatric disorders of memory," observes Fenton, who is also on the faculty at NYU Langone Medical Center's Neuroscience Institute.

The paper's authors note that the research affirms a concept introduced in 1984 by Francis Crick. Sacktor and Fenton point out that his proposed hypothesis to explain the brain's role in memory storage despite constant cellular and molecular changes is a Theseus's Ship mechanism -- borrowed from a philosophical argument stemming from Greek mythology in which new planks replace old ones to maintain Theseus's Ship for years.

"The persistent synaptic tagging mechanism we found is analogous to how new planks replace old planks to maintain Theseus's Ship for generations, and allows memories to last for years even as the proteins maintaining the memory are replaced," says Sacktor. "FrancisCrick intuited this Theseus's Ship mechanism, even predicting the role for a protein kinase. But it took 40 years to discover that the components are KIBRA and PKMzeta and to work out the mechanism of their interaction."

The study also included researchers from Canada's McGill University, Germany's University Hospital of Munster, and University of Texas Medical School at Houston.

This work was supported by grants from the National Institutes of Health (R37 MH057068, R01 MH115304, R01 NS105472, R01 MH132204, R01 NS108190), the Natural Sciences and Engineering Research Council of Canada Discovery (203523), and the Garry and Sarah S. Sklar Fund.
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Shocked quartz reveals evidence of historical cosmic airburst | ScienceDaily
Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.


						
Now, UC Santa Barbara emeritus professor James Kennett and colleagues report the presence of proxies associated with the cosmic airburst distributed over several separate sites in the eastern United States (New Jersey, Maryland and South Carolina), materials indicative of the force and temperature involved in such an event, including platinum, microspherules, meltglass and shock-fractured quartz. The study appears in ScienceOpen's journal Airbursts and Cratering.

"What we've found is that the pressures and temperatures were not characteristic of major crater-forming impacts but were consistent with so-called 'touchdown' airbursts that don't form much in the way of craters," Kennett said.

The Earth is bombarded every day by tons of celestial debris, in the form of tiny dust particles. On the other end of the scale are the extremely rare and cataclysmic impacts like the Chicxulub event that 65 million years ago caused the extinction of dinosaurs and other species. Its 150-kilometer-wide (93 miles) impact crater can be found in the Yucatan Peninsula in Mexico.

Somewhere in between are the impacts that don't leave craters on the Earth's surface but are nevertheless destructive. The shockwave from the 1908 Tunguska event knocked down 2,150 square kilometers (830 square miles) of forest, as the roughly 40-meter (130 ft) diameter asteroid collided with the atmosphere almost 10 kilometers (6 miles) above the Siberian taiga.

The comet thought to be responsible for the Younger Dryas cooling episode is estimated to have been 100 kilometers wide (62 miles) -- much larger than the Tunguska object, and fragmented into thousands of pieces. The sediment layer associated with the airburst stretches across much of the northern hemisphere, but can also be found in locations south of the equator. This layer contains unusually high levels of rare materials associated with cosmic impacts, such as iridium and platinum, and materials formed under high pressures and temperatures, such as magnetic microspherules (cooled-down metallic droplets), meltglass and nanodiamonds.

Shocked quartz and amorphous silica

The researchers are particularly interested in the presence of shocked quartz, indicated by a pattern of lines, called lamellae, that shows stress great enough to deform the crystal structure of quartz, a very hard material. This "creme de la creme" of cosmic impact evidence is present in impact craters, however linking shocked quartz to cosmic airbursts has proven to be more of a challenge.




"In the extreme form, such as when an asteroid hammers into the Earth's surface, all the fractures are very parallel," Kennett explained. In the realm of cosmic airbursts, different variables are present in the realm of cosmic airbursts. "When you think about it, the pressures and temperatures that produce these fractures will vary depending on the density, entry angle, altitude of the impact and the impactor's size.

"What we found -- and this is what is characteristic of the impact layer, called the Younger Dryas Boundary -- is that although we do occasionally see in the quartz grains examples of the 'traditional' shocked quartz with parallel fractures, we mostly see grains that are not parallel," he said. These fractures are seen in an irregular, web-like pattern of intersecting, meandering lines and surface and subsurface fissures, in contrast to the parallel and planar deformations of impact-associated shocked quartz found at craters. These subparallel and subplanar deformations are due in large part to the relatively lower pressures caused by explosions that occur above the ground, the researchers assert, as opposed to impacts that make contact with the Earth.

What these sediments do share with the shocked quartz at crater sites is the presence of amorphous silica -- melted glass -- in these fractures. And that, the researchers say, is evidence of the combination of pressure and high temperatures (greater than 2000 degrees Celsius) that could have come from a low-altitude bolide airburst. Similarly fractured quartz grains and meltglass have been found in more present-day samples of above ground explosions, such as at the Trinity atomic bomb test site in New Mexico. The roughly 20-kiloton bomb was detonated atop a 30.5 meter (100 foot) tower.

These lower-pressure shocked quartz grains join a growing suite of impact proxies that together make a case for a fragmented comet that not only caused widespread burning, but also abrupt climatic change that resulted in the extinctions of 35 genera of megafauna in North America, such as the mammoths and giant ground sloths, and led to the collapse of a flourishing human culture called Clovis, according to the researchers.

"There's a whole range of different shocked quartz, so we have to make a well-documented case that they are indeed significant for interpreting cosmic impact, even though they're not reflecting a traditional major crater-forming event," Kennett said. "These are from very-low-altitude 'touchdown' airbursts almost certainly associated with cometary impact."
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Pillars of creation star in new visualization from NASA's Hubble and Webb telescopes | ScienceDaily
Made famous in 1995 by NASA's Hubble Space Telescope, the Pillars of Creation in the heart of the Eagle Nebula have captured imaginations worldwide with their arresting, ethereal beauty.


						
Now, NASA has released a new 3D visualization of these towering celestial structures using data from NASA's Hubble and James Webb space telescopes. This is the most comprehensive and detailed multiwavelength movie yet of these star-birthing clouds.

"By flying past and amongst the pillars, viewers experience their three-dimensional structure and see how they look different in the Hubble visible-light view versus the Webb infrared-light view," explained principal visualization scientist Frank Summers of the Space Telescope Science Institute (STScI) in Baltimore, who led the movie development team for NASA's Universe of Learning.

"The contrast helps them understand why we have more than one space telescope to observe different aspects of the same object."

The four Pillars of Creation, made primarily of cool molecular hydrogen and dust, are being eroded by the fierce winds and punishing ultraviolet light of nearby hot, young stars. Finger-like structures larger than the solar system protrude from the tops of the pillars. Within these fingers can be embedded, embryonic stars. The tallest pillar stretches across three light-years, three-quarters of the distance between our Sun and the next nearest star.

The movie takes visitors into the three-dimensional structures of the pillars. Rather than an artistic interpretation, the video is based on observational data from a science paper led by Anna McLeod, an associate professor at the University of Durham in the United Kingdom. McLeod also served as a scientific advisor on the movie project.

"The Pillars of Creation were always on our minds to create in 3D. Webb data in combination with Hubble data allowed us to see the Pillars in more complete detail," said production lead Greg Bacon of STScI. "Understanding the science and how to best represent it allowed our small, talented team to meet the challenge of visualizing this iconic structure."

The new visualization helps viewers experience how two of the world's most powerful space telescopes work together to provide a more complex and holistic portrait of the pillars. Hubble sees objects that glow in visible light, at thousands of degrees. Webb's infrared vision, which is sensitive to cooler objects with temperatures of just hundreds of degrees, pierces through obscuring dust to see stars embedded in the pillars.




"When we combine observations from NASA's space telescopes across different wavelengths of light, we broaden our understanding of the universe," said Mark Clampin, Astrophysics Division director at NASA Headquarters in Washington. "The Pillars of Creation region continues to offer us new insights that hone our understanding of how stars form. Now, with this new visualization, everyone can experience this rich, captivating landscape in a new way."

Produced for NASA by STScI with partners at Caltech/IPAC, and developed by the AstroViz Project of NASA's Universe of Learning, the 3D visualization is part of a longer, narrated video that combines a direct connection to the science and scientists of NASA's Astrophysics missions with attention to the needs of an audience of youth, families, and lifelong learners. It enables viewers to explore fundamental questions in science, experience how science is done, and discover the universe for themselves.

Several stages of star formation are highlighted in the visualization. As viewers approach the central pillar, they see at its top an embedded, infant protostar glimmering bright red in infrared light. Near the top of the left pillar is a diagonal jet of material ejected from a newborn star. Though the jet is evidence of star birth, viewers can't see the star itself. Finally, at the end of one of the left pillar's protruding "fingers" is a blazing, brand-new star.

A bonus product from this visualization is a new 3D printable model of the Pillars of Creation.

The base model of the four pillars used in the visualization has been adapted to the STL file format, so that viewers can download the model file and print it out on 3D printers. Examining the structure of the pillars in this tactile and interactive way adds new perspectives and insights to the overall experience.
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Iceland's volcano eruptions may last decades | ScienceDaily
Iceland's ongoing volcanic eruptions may continue on and off for years to decades, threatening the country's most densely populated region and vital infrastructure, researchers predict from local earthquake and geochemical data.


						
The eruptions on the Reykjanes Peninsula have forced authorities to declare a state of emergency, with a series of eight eruptions having occurred since 2021. This southwestern region is home to 70 percent of the country's population, its only international airport, and several geothermal power plants that supply hot water and electricity. The most recent eruption in May through June triggered the evacuation of residents and visitors of the Blue Lagoon geothermal spa, a popular tourist attraction, for the third time in more than two months.

Although Iceland sees regular eruptions because it sits above a volcanic hot spot, the Reykjanes Peninsula has been dormant for 800 years. Its last volcanic era continued over centuries however, prompting scientists to predict the renewed volcanism to be the start of a long episode.

Under an hour's drive from the island's capital city Reykjavik, the eruptions pose considerable risks for economic disruption, and they leave evacuated communities uncertain of a possible return.

An international team of scientists has been watching the volcanoes over the past three years. Analyzing seismic tomography imaging and the composition of lava samples, they've uncovered parts of the geological processes behind the new volcanic era. They predict the region may have to prepare for recurring eruptions lasting years to decades and possibly centuries.

The researchers report their findings in a paper published June 26 in the journal Terra Nova. The project included collaborations from the University of Oregon, Uppsala University in Sweden, University of Iceland, Czech Academy of Sciences and University of California, San Diego. The work follows an earlier Nature Communications study of the initial Reykjanes eruptions in 2021.

Almost all of Iceland's island is built from lava, said Ilya Bindeman, a volcanologist and earth sciences professor at the UO. The country sits on the Mid-Atlantic Ridge, the tectonic plate boundary that causes North America and Eurasia to push further apart. The drifting of these plates can spark volcanic eruptions when hot rock from the earth's mantle -- the middle and largest layer of the planet -- melts and rises to the surface.




Although scientists know the origin of Reykjanes Peninsula's current eruptions is plate movement, the kind of magma storage and plumbing systems that feed them are unidentified, Bindeman said. The peninsula consists of eight volcanically active sites, so understanding whether there is one shared magma source or multiple independent ones and their depth can help predict the duration and impact of these eruptions.

Using geochemical and seismic data, the researchers investigated whether the magma of the initial eruptions from one volcano in the peninsula from 2021 to 2023 came from the same source as the magma in the recent eruptions of a different volcano to the west.

Bindeman specializes in isotopic analysis, which can help identify the "fingerprint" of magma. Magma is made of mostly eight elements, including oxygen and hydrogen, and 50 different trace elements in smaller concentrations and various ratios. The unique combination of trace elements can help differentiate magma sources from one another. Scientists can also measure the abundance of isotopes, elements with the same chemical property but different masses, in the magma. There are three different isotopes of oxygen, for example, Bindeman said.

"In the air we breathe, there's a mixture of these oxygen isotopes and we don't feel the difference," he said. "Their differences are usually not important for chemical reactions but are important to recognize as their relative abundances in magma can differentiate one magma source from another."

Analyzing samples of lava rock from two different volcanoes in the peninsula, their similar fingerprints implied a shared magma storage zone below the peninsula. Imaging of earth's interior based on local earthquakes also suggested the existence of a reservoir about 5.5 to 7.5 miles in the earth's crust, the shallowest layer.

However, that storage is ultimately fed by the melting rock deeper in the mantle, which can cause eruptions that last decades, with hundreds of square miles of magma surfacing, Bindeman said. Iceland's hotspot also will have no problem fountaining that flow, he said.




Although this marks the beginning of potentially persistent volcanic episodes in Iceland, the researchers can't precisely predict yet how long the episodes and the gaps between each will last.

"Nature is never regular," Bindeman said. "We don't know how long and how frequently it will continue for the next ten or even hundred years. A pattern will emerge, but nature always has exceptions and irregularities."

Discussions are continuing on plans to safely drill into the volcanic sites to glean insights into the geological processes driving the eruptions.

Because the volcanic activity is less volatile and explosive than eruptions in other countries, it provides a rare opportunity for scientists to approach fissures actively erupting lava, Bindeman said. He called it a "natural laboratory" both astonishing and chilling.

"When you witness a volcanic eruption, you can feel that these are the massive forces of nature, and you yourself are very small," Bindeman said. "These events are ordinary from the geological scale, but from the human scale, they can be devastating."
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Surprising phosphate finding in NASA's OSIRIS-REx asteroid sample | ScienceDaily
Early analysis of the asteroid Bennu sample returned by NASA's OSIRIS-REx mission has revealed dust rich in carbon, nitrogen, and organic compounds, all of which are essential components for life as we know it. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth.


						
The magnesium-sodium phosphate found in the sample hints that the asteroid could have splintered off from an ancient, small, primitive ocean world. The phosphate was a surprise to the team because the mineral had not been detected by the OSIRIS-REx spacecraft while at Bennu.

While a similar phosphate was found in the asteroid Ryugu sample delivered by JAXA's (Japan Aerospace Exploration Agency) Hayabusa2 mission in 2020, the magnesium-sodium phosphate detected in the Bennu sample stands out for its purity (that is, the lack of other materials included in the mineral) and the size of its grains, unprecedented in any meteorite sample.

Scientists have eagerly awaited the opportunity to dig into the 4.3-ounce (121.6-gram) pristine asteroid Bennu sample collected by NASA's OSIRIS-REx (Origins, Spectral Interpretation, Resource Identification, and Security -- Regolith Explorer) mission since it was delivered to Earth last fall. They hoped the material would hold secrets of the solar system's past and the prebiotic chemistry that might have led to the origin of life on Earth. An early analysis of the Bennu sample, published June 26 in Meteoritics & Planetary Science, demonstrates this excitement was warranted.

The OSIRIS-REx Sample Analysis Team found that Bennu contains the original ingredients that formed our solar system. The asteroid's dust is rich in carbon and nitrogen, as well as organic compounds, all of which are essential components for life as we know it. The sample also contains magnesium-sodium phosphate, which was a surprise to the research team, because it wasn't seen in the remote sensing data collected by the spacecraft at Bennu. Its presence in the sample hints that the asteroid could have splintered off from a long-gone, tiny, primitive ocean world.

A Phosphate Surprise

Analysis of the Bennu sample unveiled intriguing insights into the asteroid's composition. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth, where material from the mantle, the layer beneath Earth's crust, encounters water.




This interaction doesn't just result in clay formation; it also gives rise to a variety of minerals like carbonates, iron oxides, and iron sulfides. But the most unexpected discovery is the presence of water-soluble phosphates. These compounds are components of biochemistry for all known life on Earth today.

While a similar phosphate was found in the asteroid Ryugu sample delivered by JAXA's (Japan Aerospace Exploration Agency) Hayabusa2 mission in 2020, the magnesium-sodium phosphate detected in the Bennu sample stands out for its purity -- that is, the lack of other materials in the mineral -- and the size of its grains, unprecedented in any meteorite sample.

The finding of magnesium-sodium phosphates in the Bennu sample raises questions about the geochemical processes that concentrated these elements and provides valuable clues about Bennu's historic conditions.

"The presence and state of phosphates, along with other elements and compounds on Bennu, suggest a watery past for the asteroid," said Dante Lauretta, co-lead author of the paper and principal investigator for OSIRIS-REx at the University of Arizona, Tucson. "Bennu potentially could have once been part of a wetter world. Although, this hypothesis requires further investigation."

"OSIRIS-REx gave us exactly what we hoped: a large pristine asteroid sample rich in nitrogen and carbon from a formerly wet world," said Jason Dworkin, a co-author on the paper and the OSIRIS-REx project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland.

From a Young Solar System

Despite its possible history of interaction with water, Bennu remains a chemically primitive asteroid, with elemental proportions closely resembling those of the Sun.




"The sample we returned is the largest reservoir of unaltered asteroid material on Earth right now," said Lauretta.

This composition offers a glimpse into the early days of our solar system, over 4.5 billion years ago. These rocks have retained their original state, having neither melted nor resolidified since their inception, affirming their ancient origins.

Hints at Life's Building Blocks

The team has confirmed the asteroid is rich in carbon and nitrogen. These elements are crucial in understanding the environments where Bennu's materials originated and the chemical processes that transformed simple elements into complex molecules, potentially laying the groundwork for life on Earth.

"These findings underscore the importance of collecting and studying material from asteroids like Bennu -- especially low-density material that would typically burn up upon entering Earth's atmosphere," said Lauretta. "This material holds the key to unraveling the intricate processes of solar system formation and the prebiotic chemistry that could have contributed to life emerging on Earth."

What's Next

Dozens more labs in the United States and around the world will receive portions of the Bennu sample from NASA's Johnson Space Center in Houston in the coming months, and many more scientific papers describing analyses of the Bennu sample are expected in the next few years from the OSIRIS-REx Sample Analysis Team.

"The Bennu samples are tantalizingly beautiful extraterrestrial rocks," said Harold Connolly, co-lead author on the paper and OSIRIS-REx mission sample scientist at Rowan University in Glassboro, New Jersey. "Each week, analysis by the OSIRIS-REx Sample Analysis Team provides new and sometimes surprising findings that are helping place important constraints on the origin and evolution of Earth-like planets."

Launched on Sept. 8, 2016, the OSIRIS-REx spacecraft traveled to near-Earth asteroid Bennu and collected a sample of rocks and dust from the surface. OSIRIS-REx, the first U.S. mission to collect a sample from an asteroid, delivered the sample to Earth on Sept. 24, 2023.
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'A hearty debate' concludes plant-based meat alternatives are healthier for your heart than meat | ScienceDaily
Even though there is substantial variability in the contents and nutritional profiles of plant-based meat alternatives (PBMAs), the nutritional profiles tend to reflect a heart-healthy dietary pattern. A review article appearing in the Canadian Journal of Cardiology, published by Elsevier, of the available studies directly comparing the impact of plant-based and animal-based meats consistently suggests that the plant-based alternatives improve cardiovascular risk factors.


						
PBMAs are highly processed plant-based food products that typically replace meat in the diet. In Canada, the growing demand for PBMAs coincides with public health recommendations to reduce ultra-processed food consumption, which prompts the need to investigate the long-term health implications of PBMAs.

Lead author Matthew Nagra, ND, Vancouver, BC, Canada, says, "While the plant-based meat market has experienced significant growth in recent years and more and more Canadians are enjoying plant-based burgers, surprisingly little is known about how these meat alternatives may impact health and in particular cardiovascular disease risk. Thus, we sought to review the available literature on the topic to identify what is currently known and to provide direction for future research."

The authors of the article reviewed the research published from 1970 to 2023 on PBMAs, their contents, nutritional profiles, and impact on cardiovascular disease risk factors, such as cholesterol levels and blood pressure. Their analysis shows:
    	There is substantial variability in the contents and nutritional profiles of PBMAs.
    	On average, PBMAs tend to have a more heart-healthy nutritional profile than meat, although the high sodium content of some products may be of concern.
    	PBMAs have been shown to improve some cardiovascular risk factors, including cholesterol levels, in several randomized controlled trials.
    	PBMAs have not been shown to raise blood pressure, despite the high sodium content of some products.
    	There is currently a lack of long-term research evaluating how these alternatives may affect the risk of developing a heart attack or stroke.
    	There is currently little research on the healthfulness of some common components of PBMAs, such as vital wheat gluten (seitan).

The authors of the review article were surprised to find that there is a near complete lack of research on vital wheat gluten, which is the primary protein source incorporated into many popular PBMAs, and cardiovascular risk factors.

Dr. Nagra continues, "Further, the lack of research on cardiovascular outcomes as of 2023 is shocking, given that there are randomized controlled trials evaluating risk factors dating back to 1990. More detailed research is needed in light of the increasing consumption of PBMAs and our lack of knowledge of how these products impact risk."

In an accompanying editorial, J. David Spence, CM, MD, FRCPC, FAHA, Professor Emeritus of Neurology & Clinical Pharmacology, Western University, and Director, Stroke Prevention & Atherosclerosis Research Centre, Robarts Research Institute, London, ON, Canada, notes, "In an excellent review of PBMAs, Nagra et al. focus on reduction of cardiovascular risk factors, and the effects of various individual dietary factors on cardiovascular risk."

However, Professor Spence points out that, "What really matters is not the effect of individual components of a diet, nor the effect of diet on cardiovascular risk factors; it is the effect of diet on the actual risk of cardiovascular events such as myocardial infarction and stroke. Most physicians markedly underestimate the cardiovascular benefit of diet and place far too little emphasis on diet in the management of patients at high risk of cardiovascular events."

Senior author of the review article Ehud Ur, MB, FRCPC, Professor, Division of Endocrinology & Metabolism, University of British Columbia, Vancouver, BC, Canada, concludes, "For those looking to reduce their meat intake, especially if it's red meat, replacing that with PBMAs is likely a heart-healthy choice. For those who already limit their meat intake, PBMAs can be incorporated into a healthy dietary pattern as an excellent protein source; however, it may be beneficial to choose options that are lower in saturated fat and sodium if consuming them regularly."

Finally, Dr. Spence adds a note of caution regarding the dietary implications of egg consumption, saying, "Persons at risk of cardiovascular disease should limit meat intake and avoid egg yolk, so plant-based meat substitutes and egg substitutes are helpful to patients wishing to reduce their cardiovascular risk. Their effect on reducing actual cardiovascular risk is undoubtedly much greater than their effect on cardiovascular risk factors."
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Non-stop flight: 4,200 km transatlantic flight of the Painted Lady butterfly mapped | ScienceDaily
In October 2013, Gerard Talavera, a researcher from the Botanical Institute of Barcelona at CSIC, made a surprising discovery of Painted Lady Butterflies on the Atlantic beaches of French Guiana -- a species not typically found in South America. This unusual sighting prompted an international study to investigate the origin of these butterflies.


						
A Combination of Novel Techniques Solves the Enigma

Using innovative multidisciplinary tools, the research team co-led by Gerard Talavera from the Institut Botanic de Barcelona (IBB, CSIC-CMCNB), Tomasz Suchan from the W. Szafer Institute of Botany, and Clement Bataille, associate professor inthe Department of Earth and Environmental Sciences at the University of Ottawa -- with Megan Reich, a postdoctoral researcher from the Department of Biology at uOttawa, Roger Vila and Eric Toro Delgado, scientists from the Institute of Evolutionary Biology (IBE, CSIC-UPF) and Naomi Pierce, a professor of Biology in the Department of Organismic and Evolutionary Biology at Harvard University -- embarked on a scientific mission to track the journey and origin of those mysterious Painted Ladies.

First, the research team reconstructed wind trajectories for the period preceding the arrival of these butterflies in October 2013. They found exceptionally favorable wind conditions that could support a transatlantic crossing from western Africa, opening the possibility that those individuals might have flown across the entire ocean.

After sequencing the genomes of these individuals and analyzing them in comparison to populations globally, researchers discovered that the butterflies had a closer genetic relatedness to African and European populations. This result eliminated the likelihood of these individuals coming from North America, thereby reinforcing the hypothesis of an oceanic journey.

Researchers leveraged a unique combination of next-generation molecular techniques. They sequenced the DNA of pollen grains carried by these butterflies. They identified two species of plants that only grow in tropical Africa indicating that the butterflies nectared on African flowers before engaging into their transatlantic journey. They analyzed hydrogen and strontium isotopes in the butterflies' wings, a chemical signal that acts as a "fingerprint" of the region of natal origin. Combining isotopes with a model of habitat suitability for larval growth revealed potential natal origin in western Europe, possibly France, Ireland, the United Kingdom, or Portugal.

Dr. Bataille underlines the methodological novelty of this study: "It is the first time that this combination of molecular techniques including isotope geolocation and pollen metabarcoding is tested on migratory insects. The results are very promising and transferable to many other migratory insect species. The technique should fundamentally transform our understanding of insect migration."

"We usually see butterflies as symbols of the fragility of beauty, but science shows us that they can perform incredible feats. There is still much to discover about their capabilities," emphasizes Roger Vila, a researcher at the Institute of Evolutionary Biology (CSIC-Pompeu Fabra University) and co-author of the study.




Buoyed by the Winds

The researchers assessed the viability of a transatlantic flight by analyzing the energy expenditure for the journey. They predicted that the flight over the ocean, lasting 5 to 8 days without stops, was feasible due to advantageous wind conditions. "The butterflies could only have completed this flight using a strategy alternating between active flight, which is costly energetically, and gliding the wind. We estimate that without wind, the butterflies could have flown a maximum of 780 km before consuming all their fat and, therefore, their energy," comments Eric Toro-Delgado, one of the article's co-authors.

The Saharan air layer is emphasized by researchers as a significant aerial route for dispersion. These wind currents are known to transport large amounts of Saharan dust from Africa to America, fertilizing the Amazon. This study now shows that these air currents are capable of transporting living organisms.

The Potential Impact of Migrations in the Context of Global Change

This finding indicates that natural aerial corridors connecting continents may exist, potentially facilitating the dispersal of species on a much larger scale than previously imagined.

"I think this study does a good job of demonstrating how much we tend to underestimate the dispersal abilities of insects. Furthermore, it's entirely possible that we are also underestimating the frequency of these types of dispersal events and their impact on ecosystems," comments Megan Reich, a Postdoctoral Fellow at the University of Ottawa who also coauthored the study.

Gerard Talavera, the study's lead researcher, adds, "Throughout history, migratory phenomena have been important in defining species distributions as we observe them today."

Researchers emphasize that due to global warming and changing climate patterns, we may witness more notable changes and a potential increase in long-distance dispersal events. This could significantly impact biodiversity and ecosystems worldwide. "It is essential to promote systematic monitoring routines for dispersing insects, which could help predict and mitigate potential risks to biodiversity resulting from global change," concludes Gerard Talavera.
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Your future medications could be personalized for you on a 3D printer | ScienceDaily
Chocolate-flavored pills for children who hate taking medicine.


						
Several drugs combined into one daily pill for seniors who have trouble remembering to take their medications.

Drugs printed at your local pharmacy at personalized dosages that best suit your health needs.

These are just a few potential advantages of 3D drug printing, a new system for manufacturing drugs and treatments on-site at pharmacies, health care facilities and other remote locations.

In 2015, the Food and Drug Administration approved the first 3D-printed drug, Spritam (levetiracetam), for epilepsy. Several other manufacturers and drug companies are developing their own ones.

But the widespread adoption of 3D drug printing will require stringent quality control measures to ensure that people get the right medication and dosage. Even a tiny mismeasurement of a drug's ingredient during the printing process could endanger a patient's health.

In a new research paper, NIST research scientist Thomas P. Forbes assesses various approaches to ensuring that 3D drug printers work as designed. The journal article applies a "quality by design" analysis to evaluate the best procedures and protocols to ensure that 3D printers produce drugs at the correct dosages and with the correct mix of chemicals.

Though various methods exist for remotely printing drugs, Forbes focused on one of the most common: inkjet printers and similar systems that can print personalized medication on demand.

Like inkjet printers in homes, though larger, the printer has nozzles that deposit the drug's liquified materials, or inks, into tiny wells on a tray or directly into capsules. Through freeze-drying and other processes, the liquid can be turned into a tablet or powder poured into a capsule. It can also be evaporated onto a thin film that dissolves in the mouth.

Forbes' paper does not make any recommendations. Instead, his research identifies and tests several possible methods and techniques for maintaining quality control in 3D drug printing.
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Wildfires increasingly threaten oil and gas drill sites, compounding potential health risks | ScienceDaily
More than 100,000 oil and gas wells across the western U.S. are in areas burned by wildfires in recent decades, a new study has found, and some 3 million people live next to wells that in the future could be in the path of fires worsened by climate change.


						
Researchers from the University of California, Berkeley, said their analysis, which was published last week in the journal One Earth, is the first to examine historical and projected wildfire threats on oil and gas facilities in the U.S. While the public health effects of scorched and damaged drill sites are unclear, researchers said the study is a necessary step toward understanding the potential compound hazards and could help inform policy about future drilling.

"Most of the oil wells in California are currently in wildfire threatened areas, and a lot of people live in those areas because of the history of oil and gas development in this state," said David J.X. Gonzalez, an assistant professor of environmental health sciences at UC Berkeley's School of Public Health. "The same issues that have been with us historically are still with us, and it looks like they might lead to new environmental justice issues that haven't really been explored."

Gonzalez, the paper's first author, pointed to Los Angeles and Kern counties as populated areas plumbed for oil and gas extraction and also at high risk of burning now or in the near future. In the past, fires in oil and gas fields not related to wildfires have caused blowouts, and leaks from gas storage tanks in Los Angeles have resulted in explosions that damaged buildings. Near Bakersfield, dozens of wells have been found to be leaking natural gas, some at explosive levels.

Since 1984, almost 350,000 people across the western U.S. have lived within 1 kilometer of a well that was inside a burn zone, researchers found. Asian, Black, Hispanic and Native American people have faced disproportionately high exposure to those wells affected primarily by a handful of megafires in California, Texas and Oklahoma.

Across the West today, nearly 3 million people live within 1 kilometer of a well that is projected to be in an area with an increased risk of burning in the coming decades. What's more, the number of wells in high-risk wildfire areas is predicted to nearly double by the end of the century.

That means more wells are being drilled in more areas expected to burn.




"I don't want to say, 'The sky is falling.' But there was more of an impact than we thought there was going to be," Gonzalez said. "When we put everything together, it starts to look like this is a problem that hasn't really been looked at in the past but has been worsening and will likely continue to worsen. It's concerning, particularly for people living near leaking wells."

While the confluence of fire and drilling isn't meant to be alarmist, Gonzalez said it is an example of compounding factors that hold unexplored, and potentially significant, health effects.

Gonzalez's past research explores the public health impacts of oil and gas development, particularly for marginalized groups that suffer disproportionate adverse health effects. When a 2021 fire in Colorado burned near an oil and gas operation, he and his colleagues pondered how often drill sites were blackened, if this could be a common occurrence in the future and how concerning the effects might be.

The team compiled and examined wildfire maps from 1984 to 2019 and analyzed oil and gas drilling records. By lining up where drill sites overlapped with burn areas, and adding population data, the researchers estimated how many people lived near affected wells.

While the health effects stemming from oil and gas wells are becoming increasingly known, there are minimal, if any, studies on the health effects of fires that burn oil and gas facilities. In densely populated areas where buildings burn in supercharged fires, oil and gas operations could complicate fire response efforts, Gonzalez said.

There are existing cautionary tales. Infernos like the 2018 Camp Fire in Northern California caused volatile organic compounds to leach from plastic pipes into the drinking water system.




Many toxic chemicals are already in use in oil fields, Gonzalez said. Little is known about what happens when those chemicals combine in smoke plumes that already pose serious health risks every year.

"We need additional protections in place to make sure that, as wildfires continue to come, we are protecting the places and the people near these industrial activities," Gonzalez said.

Setback rules that increase the distance between wells and places people live, work or attend school would be an effective intervention from a public health perspective, Gonzalez said. Additionally, public land managers should consider the long-term health effects and potential hazards of permitting wells in fire-prone areas.

"With an issue that we know is going to worsen as climate change progresses," Gonzalez said, "we have an opportunity to take proactive action to prevent future harms."
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Moving objects precisely with sound | ScienceDaily
In 2018, Arthur Ashkin won the Nobel Prize in Physics for inventing optical tweezers: laser beams that can be used to manipulate microscopic particles. While useful for many biological applications, optical tweezers require extremely controlled, static conditions to work properly.


						
"Optical tweezers work by creating a light 'hotspot' to trap particles, like a ball falling into a hole. But if there are other objects in the vicinity, this hole is difficult to create and move around," says Romain Fleury, head of the Laboratory of Wave Engineering in EPFL's School of Engineering.

Fleury and postdoctoral researchers Bakhtiyar Orazbayev and Matthieu Mallejac have spent the last four years trying to move objects in uncontrolled, dynamic environments using soundwaves. In fact, the team's method -- wave momentum shaping -- is entirely indifferent to an object's environment or even its physical properties. All the information that's required is the object's position, and the soundwaves do the rest.

"In our experiments, instead of trapping objects, we gently pushed them around, as you might guide a puck with a hockey stick," Fleury explains.

The unconventional method, funded by the Swiss National Science Foundation (SNSF) Spark program, has been published in Nature Physics in collaboration with researchers from the University of Bordeaux in France, Nazarbayev University in Kazakhstan, and the Vienna University of Technology in Austria.

Very simple, very promising

If soundwaves are the hockey stick in Fleury's analogy, then a floating object like a ping-pong ball is the puck. In the lab's experiments, the ball was floating on the surface of a large tank of water, and its position was captured by an overhead camera. Audible soundwaves emitted from a speaker array at either end of the tank directed the ball along a pre-determined path, while a second array of microphones 'listened' to the feedback, called a scattering matrix, as it bounced off of the moving ball. This scattering matrix, combined with the camera's positional data, allowed the researchers to calculate in real time the optimal momentum of the soundwaves as they nudged the ball along its path.




"The method is rooted in momentum conservation, which makes it extremely simple and general, and that's why it's so promising," Fleury says.

He adds that wave momentum shaping is inspired by the optical technique of wavefront shaping, which is used to focus scattered light, but this is the first application of the concept to moving an object. What's more, the team's method is not limited to moving spherical objects along a path: they also used it to control rotations, and to move more complex floaters like an origami lotus.

Mimicking conditions inside the body 

Once the scientists succeeded in guiding a ping-pong ball, they performed additional experiments with both stationary and moving obstacles designed to add inhomogeneity to the system. Successfully navigating the ball around these scattering objects demonstrated that wave momentum shaping could perform well even in dynamic, uncontrolled environments like a human body. Fleury adds that sound is a particularly promising tool for biomedical applications, as it is harmless and noninvasive.

"Some drug delivery methods already use soundwaves to release encapsulated drugs, so this technique is especially attractive for pushing a drug directly toward tumor cells, for example."

The method could also be a game-changer for biological analysis or tissue engineering applications where manipulating cells by touching them would cause damage or contamination. Fleury also sees 3D printing applications for wave momentum shaping, for example to arrange microscopic particles before solidifying them into an object.

Ultimately, the researchers believe their method could also work using light, but their next goal is to take their sound-based experiments from the macro- to micro-scale. They have already received SNSF funding to do experiments under a microscope, using ultrasonic waves to move cells around.
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Telltale greenhouse gases could signal alien activity | ScienceDaily
If aliens modified a planet in their solar system to make it warmer, we'd be able to tell. A new UC Riverside study identifies the artificial greenhouse gases that would be giveaways of a terraformed planet.


						
A terraformed planet has been artificially made hospitable for life. The gases described in the study would be detectable even at relatively low concentrations in the atmospheres of planets outside our solar system using existing technology. This could include the James Webb Space Telescope, or a future European-led space telescope concept.

And while such pollutant gases must be controlled on Earth to prevent harmful climate effects, there are reasons they might be used intentionally on an exoplanet.

"For us, these gases are bad because we don't want to increase warming. But they'd be good for a civilization that perhaps wanted to forestall an impending ice age or terraform an otherwise-uninhabitable planet in their system, as humans have proposed for Mars," said UCR astrobiologist and lead study author Edward Schwieterman.

Since these gases are not known to occur in significant quantities in nature, they must be manufactured. Finding them, therefore, would be a sign of intelligent, technology-using life forms. Such signs are called technosignatures.

The five gases proposed by the researchers are used on Earth in industrial applications such as making computer chips. They include fluorinated versions of methane, ethane, and propane, along with gases made of nitrogen and fluorine or sulfur and fluorine. A new Astrophysical Journal paper details their merits as terraforming gases.

One advantage is that they are incredibly effective greenhouse gases. Sulfur hexafluoride, for example, has 23,500 times the warming power of carbon dioxide. A relatively small amount could heat a freezing planet to the point where liquid water could persist on its surface.




Another advantage of the proposed gases -- at least from an alien point of view -- is that they are exceptionally long-lived and would persist in an Earth-like atmosphere for up to 50,000 years. "They wouldn't need to be replenished too often for a hospitable climate to be maintained," Schwieterman said.

Others have proposed refrigerant chemicals, like CFCs, as technosignature gases because they are almost exclusively artificial and visible in Earth's atmosphere. However, CFCs may not be advantageous because they destroy the ozone layer, unlike the fully fluorinated gases discussed in the new paper, which are chemically inert.

"If another civilization had an oxygen-rich atmosphere, they'd also have an ozone layer they'd want to protect," Schwieterman said. "CFCs would be broken apart in the ozone layer even as they catalyzed its destruction."

As they're more easily broken apart, CFCs are also short-lived, making them harder to detect.

Finally, the fluorinated gases have to absorb infrared radiation to have an impact on the climate. That absorption produces a corresponding infrared signature that could be detectable with space-based telescopes. With current or planned technology, scientists could detect these chemicals in certain nearby exoplanetary systems.

"With an atmosphere like Earth's, only one out of every million molecules could be one of these gases, and it would be potentially detectable," Schwieterman said. "That gas concentration would also be sufficient to modify the climate."

To arrive at this calculation, the researchers simulated a planet in the TRAPPIST-1 system, about 40 light-years away from Earth. They chose this system, which contains seven known rocky planets, because it is one of the most studied planetary systems aside from our own. It is also a realistic target for existing space-based telescopes to examine.




The group also considered the European LIFE mission's ability to detect the fluorinated gases. The LIFE mission would be able to directly image planets using infrared light, allowing it to target more exoplanets than the Webb telescope, which looks at planets as they pass in front of their stars.

This work was done in collaboration with Daniel Angerhausen at Swiss Federal Institute of Technology/PlanetS, and with researchers at NASA's Goddard Space Flight Center, the Blue Marble Space Institute of Science, and Paris University.

While the researchers cannot quantify the likelihood of finding these gases in the near future, they are confident that -- if they are present -- it is entirely possible to detect them during currently planned missions to characterize planetary atmospheres.

"You wouldn't need extra effort to look for these technosignatures, if your telescope is already characterizing the planet for other reasons," said Schwieterman. "And it would be jaw-droppingly amazing to find them."

Other members of the research team echo not only enthusiasm for the potential of finding signs of intelligent life, but also for how much closer current technology has brought us to that goal.

"Our thought experiment shows how powerful our next-generation telescopes will be. We are the first generation in history that has the technology to systematically look for life and intelligence in our galactic neighborhood," added Angerhausen.
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Marsquakes may help reveal whether liquid water exists underground on red planet | ScienceDaily
If liquid water exists today on Mars, it may be too deep underground to detect with traditional methods used on Earth. But listening to earthquakes that occur on Mars -- or marsquakes -- could offer a new tool in the search, according to a team led by Penn State scientists.


						
When quakes rumble and move through aquifers deep underground, they produce electromagnetic signals. The researchers reported in the journal JGR Planets how those signals, if also produced on Mars, could identify water miles under the surface. The study may lay the groundwork for future analyses of data from Mars missions, according to Nolan Roth, a doctoral candidate in the Department of Geosciences at Penn State and lead author.

"The scientific community has theories that Mars used to have oceans and that, over the course of its history, all that water went away," Roth said. "But there is evidence that some water is trapped somewhere in the subsurface. We just haven't been able to find it. The idea is, if we can find these electromagnetic signals, then we find water on Mars."

If scientists want to find water on Earth, they can use tools like ground-penetrating radar to map the subsurface. But this technology is not effective miles under the surface, depths where water may be on Mars, the scientists said.

Instead, the researchers recommend a novel application of the seismoelectric method, a newer technique developed to non-invasively characterize Earth's subsurface. When seismic waves from an earthquake move through an aquifer underground, differences in how rocks and water move produce electromagnetic fields. These signals, which can be heard by sensors on the surface, can reveal information about aquifer depth, volume, location and chemical compositions, according to the researchers.

"If we listen to the marsquakes that are moving through the subsurface, if they pass through water, they'll create these wonderful, unique signals of electromagnetic fields," Roth said. "These signals would be diagnostic of current, modern-day water on Mars."

On water-rich Earth, using this method to identify active aquifers is challenging because water exists in the subsurface even outside of aquifers, creating other electric signals as seismic waves move through the ground. This background noise must be separated from the aquifers' signals, the scientists said, for accurate identification and characterization.




"On Mars, where the near-surface is certainly desiccated, no such separation is needed," said Tieyuan Zhu, associate professor of geosciences at Penn State and Roth's adviser and co-author. "In contrast to how seismoelectric signals often appear on Earth, Mars' surface naturally removes the noise and exposes useful data that allows us to characterize several aquifer properties."

The researchers created a model of the Martian subsurface and added aquifers to simulate how the seismoelectric method would perform. They found they could successfully use the technique to analyze details about the aquifers, including how thick or thin they are and their physical and chemical properties, like salinity.

"If we can understand the signals, we can go back and characterize the aquifers themselves," Roth said. "And that would give us more constraints than we've ever had before for understanding water on Mars today and how it has changed over the last 4 billion years. And that would be a big step ahead."

Roth said future work will -- surprisingly -- involve analyzing data already collected on Mars.

NASA's Insight lander, launched in 2018, delivered a seismometer to Mars that has been listening to marsquakes and mapping the subsurface. But seismometers have difficulty distinguishing water from gas or less dense rock.

However, the mission also included a magnetometer as a diagnostic tool to help the seismometer. Combing data from the magnetometer and the seismometer could reveal seismoelectric signals, the scientists said.




Sending a dedicated magnetometer meant to conduct scientific experiments on future NASA missions could potentially produce even better results, the researchers said.

"This shouldn't be limited to Mars -- the technique has potential, for example, to measure the thickness of icy oceans on a moon of Jupiter," Zhu said. "The message we want to give the community is there is this promising physical phenomena -- which received less attention in the past -- that may have great potential for planetary geophysics."

Yongxin Gao, professor at Hefei University of Technology in China, also contributed.

The Penn State E. Willard and Ruby S. Miller Fellowship and the National Natural Science Foundation of China supported researchers involved on this work.
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Geologists expect Chang'e-6 lunar surface samples to contain volcanic rock and impact ejecta | ScienceDaily
On June 25, China's Chang'e-6 (CE-6) lunar probe is set to return to Earth, carrying the first surface samples collected from the farside of the Moon. In anticipation of this historic event, scientists from the Institute of Geology and Geophysics at the Chinese Academy of Sciences are publishing their predictions for the unique materials that may be found in the CE-6 samples in the journal The Innovation.


						
Based on the geological characteristics of the probe's landing site, the researchers anticipate that the returned surface samples will consist of 2.5-million-year-old volcanic rock combined with small amounts of material generated by nearby meteorite strikes. There is also the possibility that evidence of distant impacts will be found in the samples.

"There are significant differences between the farside and the nearside of the Moon in terms of lunar crustal thickness, volcanic activity, composition, etc., especially considering that CE-6 landed on the South Polar-Aitkin (SPA) basin, the special terrane of the Moon," says first author Zongyu Yue, a geologist at the Chinese Academy of Sciences. "The CE-6 samples, being the first obtained from the farside of the Moon, are expected to answer one of the most fundamental scientific questions in lunar science research: what geologic activity is responsible for the differences between the two sides?"

Nearly 3 weeks ago, on June 2, CE-6 landed in the Apollo Crater, located at the edge of the largest depression on the Moon known as the SPA basin. The probe used core drilling and surface scooping to collect rocks and minerals that are likely to contain traces of early meteorite impacts. The data will reveal how far ejecta from early collisions spread across the Moon and whether there are any differences compared to what's been recorded on the asymmetrical nearside.

"My greatest hope is that the CE-6 samples contain some impact melts (fragments generated when smaller bodies crashing into the Moon) from the Apollo Crater and the SPA basin, which can provide crucial constraints on the early impact flux of the Moon," says Yue. "Once this information is obtained, it will not only help clarify the role of early lunar meteorite impacts on the Moon's evolution, but also be of great significance in analyzing the early impact history of the inner solar system."

With 10 successful lunar sample return missions conducted on the nearside of the Moon, the CE-6 lunar probe samples represent the first collected from the farside of the Moon. Researchers expect their analysis in the coming months and years to contribute to a more comprehensive understanding of lunar evolution.

The study was supported by the National Key Research and Development Program of China, the Chinese Academy of Sciences, and Key Research Programs of IGGCAS.
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Myths about intermittent fasting, debunked | ScienceDaily
In a new article, researchers at the University of Illinois Chicago debunk four common myths about the safety of intermittent fasting.


						
Intermittent fasting has become an increasingly popular way to lose weight without counting calories. And a large body of research has shown it's safe. Still, several myths about fasting have gained traction among clinicians, journalists and the general public: that fasting can lead to a poor diet or loss of lean muscle mass, cause eating disorders, or decrease sex hormones.

In a new commentary in Nature Reviews Endocrinology, UIC researchers debunk each of these. They base their conclusions on clinical studies, some of which they conducted and some done by others.

"I've been studying intermittent fasting for 20 years, and I'm constantly asked if the diets are safe," said lead author Krista Varady, professor of kinesiology and nutrition at UIC. "There is a lot of misinformation out there. However, those ideas are not based on science; they're just based on personal opinion."

There are two main types of intermittent fasting. With alternate-day eating, people alternate between days of eating a very small number of calories and days of eating what they want. With time-restricted eating, people eat what they want during a four- to 10-hour window each day, then don't eat during the rest of the day. The researchers conclude both types are safe despite the popular myths.

Here's a look at their conclusions:

Intermittent fasting does not lead to a poor diet: The researchers point to studies showing the intake of sugar, saturated fat, cholesterol, fiber, sodium and caffeine do not change during fasting compared with before a fast. And the percentage of energy consumed in carbohydrates, protein and fat doesn't change, either.




Intermittent fasting does not cause eating disorders: None of the studies show that fasting caused participants to develop an eating disorder. However, all the studies screened out participants who had a history of eating disorders, and the researchers say that those with a history of eating disorders should not try intermittent fasting. They also urge pediatricians to be cautious when monitoring obese adolescents if they start fasting, because this group has a high risk of developing eating disorders.

Intermittent fasting does not cause excessive loss of lean muscle mass: The studies show that people lose the same amount of lean muscle mass whether they're losing weight by fasting or with a different diet. In both cases, resistance training and increased protein intake can counteract the loss of lean muscle.

Intermittent fasting does not affect sex hormones: Despite concerns about fertility and libido, neither estrogen, testosterone nor other related hormones are affected by fasting, the researchers said.

The other authors of the article are Vanessa Oddo and Sofia Cienfuegos at UIC and Shuhao Lin, formerly at UIC and now at the Mayo Clinic.
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Researchers develop RNA-targeting technology for precisely manipulating parts of human genes | ScienceDaily
Researchers at the University of Toronto have harnessed a bacterial immune defense system, known as CRISPR, to efficiently and precisely control the process of RNA splicing.


						
The technology opens the door to new applications, including systematically interrogating the functions of parts of genes and correcting splicing deficiencies that underlie numerous diseases and disorders.

"Almost all human genes produce RNA transcripts that undergo the process of splicing, whereby coding segments, called exons, are joined together and non-coding segments, called introns, are removed and typically degraded," said Jack Daiyang Li, first author on the study and PhD student of molecular genetics, working in the labs of Benjamin Blencowe and Mikko Taipale at U of T's Donnelly Centre for Cellular and Biomolecular Research.

Exons can be alternatively spliced, such that the regulation and function of the approximately 20,000 human genes that encode proteins are greatly diversified, allowing the development and functional specialization of different types of cells.

However, it is unclear what most exons or introns do, and the mis-regulation of normal alternative splicing patterns is a frequent cause or contributing factor to various diseases, such as cancers and brain disorders. However, existing methods that allow for the precise and efficient manipulation of splicing have been lacking.

In the new research study, a catalytically-deactivated version of an RNA targeting CRISPR protein, referred to as dCasRx, was joined to more than 300 splicing factors to discover a fusion protein, dCasRx-RBM25. This protein is capable of activating or repressing alternative exons in an efficient and targeted manner.

"Our new effector protein activated alternative splicing of around 90 percent of tested target exons," said Li. "Importantly, it is capable of simultaneously activating and repressing different exons to examine their combined functions."

This multi-level manipulation will facilitate the experimental testing of functional interactions between alternatively spliced variants from genes to determine their combined roles in critical developmental and disease processes.




"Our new tool makes possible a broad range of applications, from studying gene function and regulation, to potentially correcting splicing defects in human disorders and diseases," said Blencowe, principal investigator on the study, Canada Research Chair in RNA Biology and Genomics, Banbury Chair in Medical Research and professor of molecular genetics at the Donnelly Centre and the Temerty Faculty of Medicine.

"We have developed a versatile engineered splicing factor that outperforms other available tools in the targeted control of alternative exons," said Taipale, also principal investigator on the study, Canada Research Chair in Functional Proteomics and Proteostasis, Anne and Max Tanenbaum Chair in Molecular Medicine and associate professor of molecular genetics at the Donnelly Centre and Temerty Medicine. "It is also important to note that target exons are perturbed with remarkably high specificity by this splicing factor, which alleviates concerns about possible off-target effects."

The researchers now have a tool in hand to systematically screen alternative exons to determine their roles in cell survival, cell type specification and gene expression.

When it comes to the clinic, the splicing tool has potential to be used to treat numerous human disorders and diseases, such as autism and cancers, in which splicing is often disrupted.

This research was supported by the Canadian Institutes of Health Research and the Simons Foundation.
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Facial recognition linked to close social bonds, not social butterflies | ScienceDaily
Do you have trouble recognising faces, or do you never forget a face? The better you are at facial recognition, the more supportive relationships you are likely to have, regardless of your personality type.


						
In a world-first study published last weekend in the journal Cognition, a team of international researchers has reported some surprising findings relating to facial recognition.

The first discovery is that one's ability to recognise faces has nothing to do with how extraverted, sociable, or gregarious a person is. What is clear, however, is that good facial recall is linked to the number of close, high-quality relationships that people have.

Researchers from the University of South Australia (UniSA), University of Western Australia (UWA) and Curtin University, along with US colleagues from Wellesley College and Harvard Medical School, undertook four separate studies involving more than 3000 people to tease out the relationship between facial recognition, social networks and personality traits.

In tests where participants memorised new faces or identified celebrity faces, their scores correlated with the number of close relationships they enjoyed.

"People who identified more faces typically had larger supportive social networks, which bodes well for their overall health and happiness," says lead researcher UniSA psychologist Dr Laura Engfors.

"In concrete terms, the rise from the lowest (two) to the highest (28) number of faces that were successfully recognised on one test coincided with six additional close relationships, increasing from nine to 15. That's an increase of two thirds and it is one extra strong social bond per four famous people recognised."

The research did not find any link between facial recognition and a more social personality.




"Our findings rule out the idea that being sociable means you'll probably be great at recognising faces. It also helps to dispel the common misconception that not recognising someone means you are less sociable.

"The ability to recognise faces more easily also means people may develop relationships faster.

"Imagine you've had an engaging conversation with someone you have only just met. A few weeks later you run into them again. If you recognise them quickly and easily, it opens the door to develop the rapport you established in your first meeting, helping the relationship to progress.

"On the flip side, if you don't recognise them, you've missed the chance to build on that initial interaction," Dr Engfors says.

Curtin University researcher and co-author Dr Linda Jeffery says being recognised by someone is a boost to a person's self-esteem.

"It can make us feel important and valued, leading us to relate to that person more warmly, whereas we feel snubbed if someone we have met before does not recognise us."

Wellesley College psychologist and co-author Associate Professor Jeremy Wilmer hopes the findings will be used to build stronger communities that facilitate human connection.




"Understanding that not everyone finds it easy to recognise people can help us to support those around us in social interactions," Prof Wilmer says.

"Something as simple as name tags at a community barbecue or school event can make the difference between a connection built and a connection lost. Similarly, if you catch a flicker of uncertainty on someone's face when you say hello, a subtle reminder to help them place you will be appreciated."

People can test their own celebrity face recognition at the researchers' citizen science website TestMyBrain.org.
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New study confirms forever chemicals are absorbed through human skin | ScienceDaily
A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.


						
New research, published today in Environment International proves for the first time that a wide range of PFAS (perfluoroalkyl substances) -- chemicals which do not break down in nature -- can permeate the skin barrier and reach the body's bloodstream.

PFAS are used widely in industries and consumer products from school uniforms to personal care products because of their water and stain repellent properties. While some substances have been banned by government regulation, others are still widely used and their toxic effects have not yet been fully investigated.

PFAS are already known to enter the body through other routes, for example being breathed in or ingested via food or drinking water, and they are known to cause adverse health effects such as a lowered immune response to vaccination, impaired liver function and decreased birth weight.

It has commonly been thought that PFAS are unable to breach the skin barrier, although recent studies have shown links between the use of personal care products and PFAS concentrations in human blood and breast milk. The new study is the most comprehensive assessment yet undertaken of the absorption of PFAS into human skin and confirms that most of them can enter the body via this route.

Lead author of the study, Dr Oddny Ragnarsdottir carried out the research while studying for her PhD at the University of Birmingham. She explained: "The ability of these chemicals to be absorbed through skin has previously been dismissed because the molecules are ionised. The electrical charge that gives them the ability to repel water and stains was thought to also make them incapable of crossing the skin membrane.

"Our research shows that this theory does not always hold true and that, in fact, uptake through the skin could be a significant source of exposure to these harmful chemicals."

The researchers investigated 17 different PFAS. The compounds selected were among those most widely used, and most widely studied for their toxic effects and other ways through which humans might be exposed to them. Most significantly, they correspond to chemicals regulated by the EU's Drinking Water Directive.




In their experiments the team used 3D human skin equivalent models -- multilayered laboratory grown tissues that mimic the properties of normal human skin, meaning the study could be carried out without using any animals. They applied samples of each chemical to measure what proportions were absorbed, unabsorbed, or retained within the models.

Of the 17 PFAS tested, the team found 15 substances showed substantial dermal absorption -- at least 5% of the exposure dose. At the exposure doses examined, absorption into the bloodstream of the most regulated PFAS (perfluoro octanoic acid (PFOA)) was 13.5% with a further 38% of the applied dose retained within the skin for potential longer-term uptake into the circulation.

The amount absorbed seemed to correlate with the length of the carbon chain within the molecule. Substances with longer carbon chains showed lower levels of absorption, while compounds with shorter chains that were introduced to replace longer carbon chain PFAS like PFOA, were more easily absorbed. Absorption of perfluoro pentanoic acid for example was four times that of PFOA at 59%.

Study co-author, Dr Mohamed Abdallah, said "our study provides first insight into significance of the dermal route as pathway of exposure to a wide range of forever chemicals. Given the large number of existing PFAS, it is important that future studies aim to assess the risk of broad ranges of these toxic chemicals, rather than focusing on one chemical at a time."

Study co-author, Professor Stuart Harrad, of the University of Birmingham's School of Geography, Earth and Environmental Sciences, added: "This study helps us to understand how important exposure to these chemicals via the skin might be and also which chemical structures might be most easily absorbed. This is important because we see a shift in industry towards chemicals with shorter chain lengths because these are believed to be less toxic -- however the trade-off might be that we absorb more of them, so we need to know more about the risks involved."
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A hidden treasure in the Milky Way -- Astronomers uncover ultrabright x-ray source | ScienceDaily
X-ray binaries are intriguing systems consisting of two celestial bodies: a normal star and a compact, dead object such as a black hole or a neutron star that sucks material from its stellar companion. A few hundred such sources have been identified thus far in our Galaxy. When it comes to the most powerful phenomena in the Universe, the release of gravitational energy in X-ray binary systems stands out as a highly efficient process.


						
Among the first X-ray binary systems discovered in the cosmos is the system Cygnus X-3. Since the early 1970s, this binary system was noted for its ability to briefly emerge as one of the most intense radio sources, yet in a few days it dims or vanishes altogether. This peculiar characteristic spurred early efforts, coordinated by telephone calls, to unite astronomical observations across the globe. The unique behavior of the system during these short-lived, highly energetic events, contrasting its otherwise "normal" nature, led to it being dubbed the "astronomical puzzle Cygnus X-3" by R.M. Hjellming in 1973. Numerous efforts have been aimed at understanding its nature ever since.

The breakthrough in unravelling this puzzle has been achieved thanks to the study of this system with the satellite Imaging X-ray Polarimetry Explorer (IXPE) that was launched by NASA in December 2021. According to Alexandra Veledina, an Academy Research Fellow at the University of Turku in Finland and the lead author of the study, the use of X-ray polarized vision has provided insights into the configuration of matter surrounding the compact object in the nearest proximity to the black hole.

"We have discovered that the compact object is surrounded by an envelope of a dense, opaque matter. The light that we observe is a reflection off the inner funnel walls formed by the surrounding gas, resembling a cup with a mirror interior," Veledina explains.

This revelation has led to the identification of Cygnus X-3 as a member of the class of ultra-luminous X-ray sources (ULXs), which consume matter at such a gargantuan rate that a considerable fraction of the infalling material does not fit inside the event horizon, but rather is being spat away from the system.

"ULXs are typically observed as luminous spots in the images of distant galaxies, with their emissions amplified by the focusing effects of the compact object's surrounding funnel, acting akin to a megaphone," elaborates Juri Poutanen, Professor at the Department of Physics and Astronomy of the University of Turku and a co-author of the research.

"However, due to the vast distances to these sources, thousands of times beyond the span of the Milky Way, they appear relatively faint to X-ray telescopes. Our discovery has now unveiled a bright counterpart of these distant ULXs residing within our own Galaxy."

This significant finding marks a new chapter in the investigation of this extraordinary cosmic source, offering an opportunity for in-depth exploration of extreme matter consumption.
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Carbon dioxide's heavy stamp on temperature: Doubling CO2 may mean 7 to 14 degree increase | ScienceDaily

45-year-old drill core

The researchers used a 45-year-old drill core extracted from the bottom of the Pacific Ocean. "I realized that this core is very attractive for researchers, because the ocean floor at that spot has had oxygen-free conditions for many millions of years," said Professor Jaap Sinninghe Damste, senior scientist at NIOZ and professor of organic geochemistry at Utrecht University. "As a result, organic matter is not broken down as quickly by microbes and more carbon is preserved," Damste said. He was also the supervisor of Witkowski, whose doctorate thesis included this research.

Unique time series

"CO2 over the past 15 million years has never before been examined from a single location," Witkowski said. The upper thousand meters of the drill core correspond to the past 18 million years. From this record, the researchers were able to extract an indication of the past seawater temperature and an indication of ancient atmospheric CO2 levels, using a new approach.

Derived temperature

The researchers derived the temperature using a method developed 20 years ago at NIOZ, called the TEX86 method. "That method uses specific substances that are present in the membrane of archaea, a distinct class of microorganisms," Damste explains. "Those archaea optimize the chemical composition of their membrane depending on the temperature of the water in the upper 200 meters of the ocean. Substances from that membrane can be found as molecular fossils in the ocean sediments, and analyzed to this day."

CO2 from chlorophyll and cholesterol




The researchers developed a new approach to derive past atmospheric CO2 content by using the chemical composition of two specific substances commonly found in algae: chlorophyll and cholesterol. This is the first study to use cholesterol for quantitative CO2 and the first study to use chlorophyll for this time period. To create these substances, algae must absorb CO2 from the water and fix it via photosynthesis.

Damste: "A very small fraction of the carbon on Earth occurs in a 'heavy form,' 13C instead of the usual 12C. Algae have a clear preference for 12C. However: the lower the CO2 concentration in the water, the more algae will also use the rare 13C. Thus, the 13C content of these two substances is a measure of the CO2 content of the ocean water. And that in turn, according to solubility laws, correlates with the CO2 content of the atmosphere."

Using this new method, it appears that the CO2 concentration dropped from about 650 parts per million, 15 million years back, to 280 just before the industrial revolution.

Stronger relationship

When the researchers plot the derived temperature and atmospheric CO2 levels of the past 15 million years against each other, they find a strong relationship. The average temperature 15 million years back was over 18 degrees: 4 degrees warmer than today and about the level that the UN climate panel, IPCC, predicts for the year 2100 in the most extreme scenario. "So, this research gives us a glimpse of what the future could hold if we take too few measures to reduce CO2 emissions and also implement few technological innovations to offset emissions," Damste said. "The clear warning from this research is: CO2 concentration is likely to have a stronger impact on temperature than we are currently taking into account!"
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Star clusters observed within a galaxy in the early Universe | ScienceDaily
The history of how stars and galaxies came to be and evolved into the present day remains among the most challenging astrophysical questions to solve yet, but new research brings us closer to understanding it.


						
In a new study by an international team led by Dr. Angela Adamo at Stockholm University, new insights about young galaxies during the Epoch of Reionization have been revealed. Observations with the James Webb Space Telescope (JWST) of the galaxy Cosmic Gems arc (SPT0615-JD) have confirmed that the light of the galaxy was emitted 460 million years after the big bang. What makes this galaxy unique is that it is magnified through an effect called gravitational lensing, which has not been observed in other galaxies formed during that age. The magnification of the Cosmic Gems arc has allowed the team to study the smaller structures inside an infant galaxy for the first time. The authors found that the Cosmic Gems arc harbors five young massive star clusters in which stars are formed. "The surprise and astonishment was incredible when we opened the JWST images for the first time" says Adamo.

The mystery of the early Universe

The Epoch of Reionization (EoR) is a crucial time during the evolution of the Universe, which occurred within the first billion years after the Big Bang. During this period, the Universe went through an important transition. In its early days it was filled with neutral Hydrogen gas, but this changed during the EoR. The matter of the Universe went from its neutral form to being fully ionized; the atoms were stripped from their electrons. The earliest galaxies of the Universe are believed to have driven this transformation.

In order to study the earliest galaxies one has to look far away in space. Light travels at a finite speed. By observing objects at far distances we can "look back in time" as we see the state of the object at the time when the light was emitted from it. However, it is difficult to observe small details of an object at large enough distances to study the early Universe. One method to observe finer details in a galaxy at a great distance is through the use of gravitational lensing. Gravitational lensing occurs when a celestial body of high mass curves the path of light around it due to its strong gravity. When the light emitted from a source passes through the gravitational lens it is distorted similar to the effect of a magnifying glass. In this way, astronomers can observe small details in objects far away.

Galaxies slowly build their stellar population through a process referred to as star formation. In local galaxies we see that a large fraction of stars form in star clusters. Star clusters are groups of stars held together by gravitational forces. Star clusters can have varying sizes, where some only contain a small amount of stars to others that can contain millions. Globular clusters are very old star clusters where stars have previously been formed, but not anymore. How and where the globular clusters were formed has been a long-standing mystery.

New insights into the formation of the first stars and galaxies

In a new study published in the scientific journal Nature, the team of astronomers present the discovery of star clusters in a galaxy whose light has passed through a gravitational lens on its way towards the Earth. "This achievement could only be possible thanks to JWST unmatched capabilities," says Dr. Adelaide Claeyssens of Stockholm University and co-author of the publication. The galaxy SPT0615-JD, also known as the Cosmic Gems Arc, is located in the distant Universe. The light that has reached the Earth in the present day was emitted from this galaxy only 460 million years after the Big Bang. By studying this object, the astronomers look back 97% of the cosmic time.




"Due to the gravitational lensing, the Cosmic Gems Arc could be resolved down to small enough scales to study the objects within it," adds Claeyssens. The team used the instrument Near Infrared Camera (NIRCam) onboard the JWST for their observations. The NIRCam is an instrument built to take high-resolution images in the near-infrared part of the light spectrum, in which the earliest stars and galaxies can be detected. Using the high resolution of the JWST NIRCam, the resulting observations showed a chain of bright dots mirrored from one side to the other. It was discovered that these dots were five young massive star clusters.

Through analysis of the light spectra emitted by the galaxy, it could be determined that the stellar clusters are gravitationally bound and have a three-times larger stellar density than typical young star clusters in the local Universe. It was also found that the clusters were formed recently, within 50 million years. They are very massive, although much smaller than globular clusters. "It was incredible to see the JWST images of the Cosmic Gems arc and realize that we were looking at star clusters in such a young galaxy. We observe globular clusters around local galaxies, but we don't know when and where they formed. The Cosmic Gems arc observations have opened a unique window for us into the works of infant galaxies as well as showing us where globular clusters formed" says Adamo. "These clusters will have enough time to relax and become globular clusters, due to them being formed at such a young age of the Universe," she adds.

Understanding the early Universe

Through studies of star clusters in young galaxies born shortly after the Big Bang, further understanding of how and where globular clusters are formed can be achieved. Since young galaxies are believed to drive the reionization during the EoR, it is crucial to study them in depth in order to gain knowledge about the early Universe. Using the discoveries made by the authors of this study, more information is added to our understanding about how the stars in the earliest galaxies were born, and where and how globular clusters are formed.

Looking onwards

In the future, the group is planning to build a larger sample of similar galaxies. "We have one galaxy so far, but we need many more if we want to create demographics of the cluster populations forming in the earliest galaxies." says Adamo. The team also has an approved program for the next cycle of JWST observations, where they will study the Cosmic Gems Arc galaxy and the recently discovered star clusters in further detail. "Spectroscopic observations will allow us to spatially map the star formation rate and ionizing photon production efficiency along the galaxy" adds Dr. Larry Bradley, principal investigator of the JWST program and the second author of this article.
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Semaglutide leads to greater weight loss in women than men with HF and improves HF symptoms | ScienceDaily
Semaglutide, a medication initially developed for type 2 diabetes and obesity, significantly improves symptoms in men and women with a common type of heart failure that has had few therapeutic options. Women experienced greater weight loss and the same symptom benefits compared with men, according to research presented today by Dr. Subodh Verma (St. Michael's Hospital, University of Toronto) at the American Diabetes Association's 2024 Scientific Sessions and published in the Journal of the American College of Cardiology (JACC).


						
This secondary analysis of the STEP-HFpEF (Semaglutide Treatment Effect in People with Obesity and HFpEF) program reveals that semaglutide provides benefits for men and women that do not track directly with weight loss, suggesting the drug may also have weight-loss independent effects on the cardiovascular system. The study (which included two trials) compared semaglutide with a placebo over 52 weeks in 1,145 participants, highlighting intriguing sex differences.

The analysis sought to determine whether phenotypic features and treatment effects of semaglutide vary by sex in obesity-related heart failure (HF) with preserved ejection fraction (HFpEF). It evaluated the influence of sex on the disease's baseline characteristics and compared the effects of semaglutide versus placebo on key trial endpoints in the STEP-HFpEF program (comprised of STEP-HFpEF and STEP-HFpEF DM Trials).

"Understanding the sex differences in obesity-related HFpEF is of great importance. Obesity and visceral adiposity are key drivers of HFpEF development and progression, and this may be even more amplified in women, who represent the majority of people with the disease, and bear a heavier burden of symptoms and physical limitations due to HFpEF" said Mikhail Kosiborod, MD, FACC, senior author of the study and a cardiologist at Saint Luke's Mid-America Heart Institute in Kansas City, Missouri. "Our study sheds light on these differences and the consistent benefits of semaglutide for women and men."

Lead author, Dr. Subodh Verma commented that "women living with obesity and heart failure with a preserved ejection fraction were also found to have higher BMI's compared to men, and were much more symptomatic at baseline."

"Females had more systemic inflammation and compared to previous HfpEF studies, females with obesity-related HfpEF were also younger," Verma said.

The study analyzed the effects of semaglutide 2.4 mg administered to participants once weekly vs placebo on the STEP-HFpEF program's dual primary and confirmatory secondary, and exploratory outcomes by sex. A total of 1,145 participants with obesity-related HFpEF were evaluated over 52 weeks, of which 570 were females.




Semaglutide, compared with placebo, similarly improved HF-related symptoms, physical limitations, exercise function, and reduced inflammation and natriuretic peptides regardless of sex.

Semaglutide-mediated improvements in HF-related symptoms and physical limitations were consistent in both male and female participants across key subgroups including age and BMI. It also lowered their systolic blood pressure and waist circumference.

However, there were sex differences in the treatment effects in terms of the reduction in body weight with semaglutide. Female participants experienced greater weight loss than males, with a mean difference of -9.6% vs -7.2%. Even though there was a significant reduction in body weight in both sexes, it was greater in females (a statistically significant interaction).

At baseline, females had higher left ventricular ejection fraction, presented with worse symptoms and physical limitations, and had higher levels of inflammation at baseline, but similar rates of hypertension and diuretic use and less atrial fibrillation compared with males, despite their higher BMI. Researchers note that this may indicate that more female participants had a typical obesity phenotype of HFpEF compared with males who may also have left atrial myopathy HFpEF complicated by an increase in BMI.

In an accompanying editorial, Anuradha Lala, MD, a cardiologist at the Mount Sinai School of Medicine and Director of Heart Failure Research for the NHLBI Cardiothoracic Surgery Network, said there is a need for further studies to illuminate the mechanism by which this drug provides benefits and continued attention to sex-specific differences in treatment responses.
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Simple test for flu could improve diagnosis and surveillance | ScienceDaily
Fewer than one percent of people who get the flu every year get tested, in part because most tests require trained personnel and expensive equipment. Now researchers have developed a low-cost paper strip test that could allow more patients to find out which type of flu they have and get the right treatment.


						
The test, developed by a team from the Broad Institute of MIT and Harvard and Princeton University, and supported by the US Centers for Disease Control and Prevention, uses CRISPR to distinguish between the two main types of seasonal flu, influenza A and B, as well as seasonal flu subtypes H1N1 and H3N2. It can also identify strains that resist antiviral treatment, and with further work, could potentially detect swine and avian flu strains, including H5N1, which is currently infecting cattle.

Appearing in The Journal of Molecular Diagnostics, the results could help improve outbreak response and clinical care by bringing tests that are accurate, low-cost, and fast to doctors' offices and labs across the US and in other countries.

"Ultimately, we hope these tests will be as simple as rapid antigen tests, and they'll still have the specificity and performance of a nucleic acid test that would normally be done in a laboratory setting," said Cameron Myhrvold, co-senior author on the study along with Pardis Sabeti, an institute member at the Broad and a professor at Harvard University and the Harvard T.H. Chan School of Public Health, as well as a Howard Hughes Medical Institute investigator. Myhrvold, who is currently an assistant professor at Princeton University, was a postdoctoral researcher in Sabeti's lab when the study began.

SHINE a light 

The test is based on a technology called SHINE, which was developed by Sabeti's lab in 2020 and uses CRISPR enzymes to identify specific sequences of viral RNA in samples. The researchers first used SHINE to test for SARS-CoV-2, and later to distinguish between the Delta and Omicron variants. Then, in 2022, they began adapting the assay to detect other viruses they knew were always circulating: influenzas. They wanted to create tests that could be used in the field or in clinics rather than hospitals or diagnostic labs with expensive equipment.

"Using a paper strip readout instead of expensive fluorescence machinery is a big advancement, not only in terms of clinical care but also for epidemiological surveillance purposes," said Ben Zhang, co-first author on the study, a medical student at Harvard Medical School and an undergraduate researcher in Sabeti's lab when the study began.




Typical diagnostic approaches such as polymerase chain reaction (PCR) require lengthy processing times, trained personnel, specialized equipment, and freezers to store reagents at -80degC, whereas SHINE can be conducted at room temperature in about 90 minutes. Currently, the assay only requires an inexpensive heat block to warm the reaction, and the researchers are working to streamline the process with the goal of returning results in 15 minutes.

The researchers also adapted SHINE to distinguish between different flu strains. In the future, they say the assay could be adapted to detect two different viruses with similar symptoms, such as influenza and SARS-CoV-2.

"Being able to tease apart what strain or subtype of influenza is infecting a patient has repercussions both for treating them and public health interventions," said Jon Arizti-Sanz, a postdoctoral researcher in Sabeti's lab and co-first author on the study.

For example, the tests could help clinicians decide whether to use Oseltamivir, a common antiviral that is effective for only some strains, Arizti-Sanz added. In the field, rapid testing could also help scientists collect samples more strategically during an outbreak to better monitor how the virus is spreading.

Next, the researchers are adapting SHINE to test for both avian and swine influenza strains. "With SARS-CoV-2 and now flu, we've shown that we can easily adapt SHINE to detect new or evolving viruses," Arizti-Sanz said. "We're excited to apply it to H5N1."
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Study challenges popular idea that Easter islanders committed 'ecocide' | ScienceDaily
Some 1,000 years ago, a small band of Polynesians sailed thousands of miles across the Pacific to settle one of the world's most isolated places -- a small, previously uninhabited island they named Rapa Nui. There, they erected hundreds of "moai," or gigantic stone statues that now famously stand as emblems of a vanished civilization. Eventually, their numbers ballooned to unsustainable levels; they chopped down all the trees, killed off the seabirds, exhausted the soils and in the end, ruined their environment. Their population and civilization collapsed, with just a few thousand people remaining when Europeans found the island in 1722 and called it Easter Island. At least that is the longtime story, told in academic studies and popular books like Jared Diamond's 2005 "Collapse."


						
A new study challenges this narrative of ecocide, saying that Rapa Nui's population never spiraled to unsustainable levels. Instead, the settlers found ways to cope with the island's severe limits, and maintained a small, stable population for centuries. The evidence: a newly sophisticated inventory of ingenious "rock gardens" where the islanders raised highly nutritious sweet potatoes, a staple of their diet. The gardens covered only enough area to support a few thousand people, say the researchers. The study was just published in the journal Science Advances.

"This shows that the population could never have been as big as some of the previous estimates," said lead author Dylan Davis, a postdoctoral researcher in archaeology at the Columbia Climate School. "The lesson is the opposite of the collapse theory. People were able to be very resilient in the face of limited resources by modifying the environment in a way that helped."

Easter Island is arguably the remotest inhabited spot on Earth, and one of the last to be settled by humans, if not the last. The nearest continental landmass is central Chile, nearly 2,200 miles to the east. Some 3,200 miles to the west lie the tropical Cook Islands, where settlers are thought to have sailed from around 1200 CE.

The 63-square-mile island is made entirely of volcanic rock, but unlike lush tropical islands such as Hawaii and Tahiti, eruptions ceased hundreds of thousands of years ago, and mineral nutrients brought up by lava have long since eroded from soils. Located in the subtropics, the island is also dryer than its tropical brethren. To make things more challenging, surrounding ocean waters drop off steeply, meaning islanders had to work harder to harvest marine creatures than those living on Polynesian islands ringed with accessible and productive lagoons and reefs.

To cope, the settlers used a technique called rock gardening, or lithic mulching. This consists of scattering rocks over low-lying surfaces that are at least partly protected from salt spray and wind. In the interstices between rocks, they planted sweet potatoes. Research has shown that rocks from golf ball-size to boulders disrupt drying winds and create turbulent airflow, reducing the highest daytime surface temperatures and increasing the lowest nighttime ones. Smaller bits, broken up by hand, expose fresh surfaces laden with mineral nutrients that get released into the soil as they weather. Some islanders still use the gardens, but even with all this labor, their productivity is marginal. The technique has also been used by indigenous people in New Zealand, the Canary Islands and the U.S. Southwest, among other places.

Some scientists have argued that the island's population had to have once been much larger than the 3,000 or so residents first observed by Europeans in part because of the massive moai; it would have taken hordes of people to construct them, the reasoning goes. Thus in recent years, researchers have tried estimating these populations in part by investigating the rock gardens' extent and production capacity. Early Europeans estimated they covered 10% of the island. A 2013 study based on visual and near-infrared satellite imagery came up with 2.5% to 12.5% -- a wide margin of error because these spectra distinguish only areas of rock versus vegetation, not all of which are gardens. Another study in 2017 identified about some 7,700 acres, or 19% of the island, as suitable for sweet potatoes. Making various assumptions about crop yields and other factors, studies have estimated past populations might have risen as high as 17,500, or even 25,000, though they also could have been much lower.




In the new study, members of the research team did on-the-ground surveys of rock gardens and their characteristics over a five-year period. Using this data, they then trained a series of machine-learning models to detect gardens through satellite imagery tuned to newly available shortwave infrared spectra, which highlights not just rocks, but places of higher soil moisture and nitrogen, which are key features of gardens.

The researchers concluded that rock gardens occupy only about 188 acres -- less than one half a percent of the island. They say they might have missed some small ones, but not enough to make a big difference. Making a series of assumptions, they say that if the entire diet were based on sweet potatoes, these gardens may have supported about 2,000 people. However, based on isotopes found in bones and teeth and other evidence, people in the past probably managed to get 35% to 45% of their diet from marine sources, and a small amount from other less nutritious crops including bananas, taro and sugar cane. Factoring in these sources would have raised the population carrying capacity to about 3,000 -- the number observed upon European contact.

"There are natural rock outcrops all over the place that had been misidentified as rock gardens in the past. The short-wave imagery gives a different picture," said Davis.

Carl Lipo, an archaeologist at Binghamton University and coauthor of the study, said that the population boom-and-bust idea is "still percolating in the public mind" and in fields including ecology, but archaeologists are quietly retreating from it. Accumulating evidence based on radiocarbon dating of artifacts and human remains does not support the idea of huge populations, he said. "People's lifestyle must have been incredibly laborious," he said. "Think about sitting around breaking up rocks all day."

The island's population is now nearly 8,000 (plus about 100,000 tourists a year). Most food is now imported, but some residents still grow sweet potatoes in the ancient gardens -- a practice that grew during the 2020-2021 lockdowns of the Covid pandemic, when imports were restricted. Some also turned to mainland farming techniques, plowing soils and applying artificial fertilizer. But this is not likely to be sustainable, said Lipo, as it will further deplete the thin soil cover.

Seth Quintus, an anthropologist at the University of Hawaii who was not involved in the study, said he sees the island as "a good case study in human behavioral adaptation in the face of a dynamic environment." The new study and others like it "provide an opportunity to better document the nature and extent of strategies of adaptation," he said. "Surviving in the more arid subtropics on the more isolated and geologically old Rapa Nui was a heck of a challenge."

The study was also coauthored by Robert DiNapoli of Binghamton University; Gina Pakarati, an independent researcher on Rapa Nui; and Terry Hunt of the University of Arizona.
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Chilling discovery: Study reveals evolution of human cold and menthol sensing protein, offering hope for future non-addictive pain therapies | ScienceDaily
Chronic pain affects millions worldwide, and current treatments often rely on opioids, which carry risks of addiction and overdose.


						
Non-addictive alternatives could revolutionize pain management, and new research targeting the human protein which regulates cold sensations, brings scientists closer to developing pain medications that don't affect body temperature and don't carry the risks of addiction.

Research published in Science Advances on June 21, led by Wade Van Horn, professor in Arizona State University's School of Molecular Sciences and Biodesign Center for Personalized Diagnostics, has uncovered new insights into the main human cold and menthol sensor TRPM8 (transient receptor potential melastatin 8). Using techniques from many fields like biochemistry and biophysics, their study revealed that it was a chemical sensor before it became a cold temperature sensor.

"If we can start to understand how to decouple the chemical sensing of cold from actual cold sensing, in theory, we could make side-effect-free drugs," said Van Horn whose research focuses on membrane proteins involved in human health and disease. "By understanding the evolutionary history of TRPM8, we hope to contribute to designing better drugs that offer relief without the dangerous side effects associated with current painkillers."

When a person touches a metal desk and it feels cold, the human body activates TRPM8. For cancer patients who are on certain kinds of chemotherapeutics, touching a desk can hurt. TRPM8 is also involved in many other types of pain as well, including chronic neuropathic and inflammatory pain.

By further understanding this specificity of the chemical sensing of cold versus physically sensing cold, scientists can target relief without triggering the temperature regulation side effects often seen in TRPM8 clinical trials for pain treatments.

In the research, the team used ancestral sequence reconstruction, a time machine for proteins of sorts, compiling the family tree of TRPM8 that exists today and then used that information to determine what the proteins from long-extinct animals might have looked like.




Using computational methods to resurrect ancestral primate, mammalian, and vertebrate TRPM8, the researchers were able to understand how TRPM8 has changed over hundreds of millions of years by comparing the sequences of current proteins to predict the sequences of their ancient ancestors. Additionally, the combination of lab experiments and computational studies enable the researchers to identify critical places in TRPM8 that allow a more clear understanding of temperature sensing, which can be tested in subsequent experiments.

"Comparative dynamics analysis of ancestral and human TRPM8 also supports the experimental data and will allow us to identify critical sites in temperature sensing, which we will be testing soon," said Banu Ozkan, professor in ASU's Department of Physics, who was involved in the study.

The team then expressed these ancestral TRPM8s in human cells and characterized them using various cellular and electrophysiology techniques.

"Ancestral protein-based studies allow us to focus on the lineage of most interest, such as human TRPM8, to alleviate concerns arising in drug discovery from speciation differences, like in mice and humans," said first author on the study Dustin Luu, an ASU School of Molecular Sciences doctoral alumnus, and current postdoctoral fellow in ASU's Biodesign Center for Personalized Diagnostics.

Luu continued: "We discovered that surprisingly menthol sensing appeared way before cold sensing. The difference in appearance and attenuation of these activation modes suggest they are separate and can be disentangled with further research enabling new pain therapies without the adverse side effect in thermal sensing and thermal regulation, which has plagued TRPM8-targeted clinical trials."

As science continues to uncover the mysteries of our biological mechanisms, studies like this exemplify how evolutionary biology and modern pharmacology can collaborate to address pressing medical needs and improve the quality of life for those suffering from chronic pain.
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Prying open the AI black box | ScienceDaily
Artificial intelligence continues to squirm its way into many aspects of our lives. But what about biology, the study of life itself? AI can sift through hundreds of thousands of genome data points to identify potential new therapeutic targets. While these genomic insights may appear helpful, scientists aren't sure how today's AI models come to their conclusions in the first place. Now, a new system named SQUID arrives on the scene armed to pry open AI's black box of murky internal logic.


						
SQUID, short for Surrogate Quantitative Interpretability for Deepnets, is a computational tool created by Cold Spring Harbor Laboratory (CSHL) scientists. It's designed to help interpret how AI models analyze the genome. Compared with other analysis tools, SQUID is more consistent, reduces background noise, and can lead to more accurate predictions about the effects of genetic mutations.

How does it work so much better? The key, CSHL Assistant Professor Peter Koo says, lies in SQUID's specialized training.

"The tools that people use to try to understand these models have been largely coming from other fields like computer vision or natural language processing. While they can be useful, they're not optimal for genomics. What we did with SQUID was leverage decades of quantitative genetics knowledge to help us understand what these deep neural networks are learning," explains Koo.

SQUID works by first generating a library of over 100,000 variant DNA sequences. It then analyzes the library of mutations and their effects using a program called MAVE-NN (Multiplex Assays of Variant Effects Neural Network). This tool allows scientists to perform thousands of virtual experiments simultaneously. In effect, they can "fish out" the algorithms behind a given AI's most accurate predictions. Their computational "catch" could set the stage for experiments that are more grounded in reality.

"In silico [virtual] experiments are no replacement for actual laboratory experiments. Nevertheless, they can be very informative. They can help scientists form hypotheses for how a particular region of the genome works or how a mutation might have a clinically relevant effect," explains CSHL Associate Professor Justin Kinney, a co-author of the study.

There are tons of AI models in the sea. More enter the waters each day. Koo, Kinney, and colleagues hope that SQUID will help scientists grab hold of those that best meet their specialized needs.

Though mapped, the human genome remains an incredibly challenging terrain. SQUID could help biologists navigate the field more effectively, bringing them closer to their findings' true medical implications.
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New study finds dinosaur fossils did not inspire the mythological griffin | ScienceDaily
A popular and widely-promoted claim that dinosaur fossils inspired the legend of the griffin, the mythological creature with a raptorial bird head and wings on a lion body, has been challenged in a new study.


						
The specific link between dinosaur fossils and griffin mythology was proposed over 30 years ago in a series of papers and books written by folklorist Adrienne Mayor. These started with the 1989 Cryptozoology paper entitled 'Paleocryptozoology: a call for collaboration between classicists and cryptozoologists', and was cemented in the seminal 2000 book 'The First Fossil Hunters. The idea became a staple of books, documentaries and museum exhibits.

It suggests that an early horned dinosaur of Mongolia and China, Protoceratops, was discovered by ancient nomads prospecting for gold in Central Asia. Tales of Protoceratops bones then travelled southwest on trade routes to inspire, or at least influence, stories and art of the griffin.

Griffins are some of the oldest mythological creatures, first appearing in Egyptian and Middle Eastern art during the 4th millennium BC, before becoming popular in ancient Greece during the 8th century BC.

Protoceratops was a small (around 2 metres long) dinosaur that lived in Mongolia and northern China during the Cretaceous period (75-71 million years ago). They belong to the horned dinosaur group, making it a relative of Triceratops, although they actually lack facial horns. Like griffins, Protoceratops stood on four legs, had beaks, and had frill-like extensions of their skulls that, it's been argued, could be interpreted as wings.

In the first detailed assessment of the claims, study authors Dr Mark Witton and Richard Hing, palaeontologists at the University of Portsmouth, re-evaluated historical fossil records, the distribution and nature of Protoceratops fossils, and classical sources linking the griffin with the Protoceratops, consulting with historians and archeologists to fully understand the conventional, non-fossil based view of griffin origins. Ultimately, they found that none of the arguments withstood scrutiny.

Ideas that Protoceratops would be discovered by nomads prospecting for gold, for instance, are unlikely when Protoceratops fossils occur hundreds of kilometres away from ancient gold sites. In the century since Protoceratops was discovered, no gold has been reported alongside them. It also seems doubtful that nomads would have seen much of Protoceratops skeletons, even if they prospected for gold where their fossils occur.




"There is an assumption that dinosaur skeletons are discovered half-exposed, lying around almost like the remains of recently-deceased animals," said Dr Witton. "But generally speaking, just a fraction of an eroding dinosaur skeleton will be visible to the naked eye, unnoticed to all except for sharp-eyed fossil hunters.

"That's almost certainly how ancient peoples wandering around Mongolia encountered Protoceratops. If they wanted to see more, as they'd need to if they were forming myths about these animals, they'd have to extract the fossil from the surrounding rock. That is no small task, even with modern tools, glues, protective wrapping and preparatory techniques. It seems more probable that Protoceratops remains, by and large, went unnoticed -- if the gold prospectors were even there to see them."

Similarly, the geographic spread of griffin art through history does not align with the scenario of griffin lore beginning with Central Asian fossils and then spreading west. There are also no unambiguous references to Protoceratops fossils in ancient literature.

Protoceratops is only griffin-like in being a four-limbed animal with a beak. There are no details in griffin art suggesting that their fossils were referenced but, conversely, many griffins were clearly composed from features of living cats and birds.

Dr Witton added: "Everything about griffin origins is consistent with their traditional interpretation as imaginary beasts, just as their appearance is entirely explained by them being chimaras of big cats and raptorial birds. Invoking a role for dinosaurs in griffin lore, especially species from distant lands like Protoceratops, not only introduces unnecessary complexity and inconsistencies to their origins, but also relies on interpretations and proposals that don't withstand scrutiny."

The authors are keen to stress that there is excellent evidence of fossils being culturally important throughout human history, and innumerable instances of fossils inspiring folklore around the world, referred to as 'geomyths'.

Richard Hing said: "It is important to distinguish between fossil folklore with a factual basis -- that is, connections between fossils and myth evidenced by archaeological discoveries or compelling references in literature and artwork -- and speculated connections based on intuition.

"There is nothing inherently wrong with the idea that ancient peoples found dinosaur bones and incorporated them into their mythology, but we need to root such proposals in realities of history, geography and palaeontology. Otherwise, they are just speculation."

Dr Witton added: "Not all mythological creatures demand explanations through fossils. Some of the most popular geomyths -- Protoceratops and griffins, fossil elephants and cyclopes, and dragons and dinosaurs -- have no evidential basis and are entirely speculative. We promote these stories because they're exciting and seem intuitively plausible, but doing so ignores our growing knowledge of fossil geomyths grounded in fact and evidence. These are just as interesting as their conjectural counterparts, and probably deserve more attention than entirely speculated geomythological scenarios."
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Guiding humanity beyond the moon | ScienceDaily
What actually happens to the human body in space? While scientists and researchers have heavily researched how various factors impact the human body here on Earth, the amount of information available about changes that occur in the body in space is not as well-known. Scientists, including OHIO's Nate Szewczyk and several of his trainees, have been studying for years how the body, specifically on the molecular side, changes in space. Recently, a new package of papers has been published in "Nature" journals depicting how the modern tools of molecular biology and precision medicine can help guide humanity into more challenging missions beyond where we've already been.


						
The package of papers, titled "Space Omics and Medical Atlas across orbits," includes manuscripts, data, protocols, and code, representing the largest-ever compendium of data for aerospace medicine and space biology. Over 100 institutions from more than 25 countries worked together to coordinate the release of this molecular, cellular, physiological, phenotypic, and spaceflight data.

Szewczyk, a professor in the Department of Biomedical Sciences and a principle investigator in the Ohio Musculoskeletal and Neurologic Institute, coauthored seven different articles including: "Spaceflight induces changes in gene expression profiles linked to insulin and estrogen," "Astronaut omics and the impact of space on the human body at scale," "Understanding how space travel affects the female reproductive system," "Transcriptomics analysis reveals molecular alterations underpinning spaceflight dermatology," "Aging and putative frailty biomarkers are altered by spaceflight," and "Ethical considerations for the age of non-governmental space exploration."

In addition to coauthoring several papers, Szewczyk also involved his trainees on six of the papers. The trainees include OHIO medical students Anthony Carano and Caroline Coffey; Alexia Tasoula, a Ph.D. student in the translational biomedical sciences program; post-doctoral research Craig Willis, an OHIO alum and current assistant professor at the University of Bradford in the United Kingdom; as well as Dr. Henry Cope, researcher with the National Health Service in the United Kingdom.

Their articles highlight research from how spaceflight induced changes in insulin and estrogen signaling in rodents and humans, to ethical considerations for commercial spaceflight, and known and potential impacts of spaceflight on reproduction.

"We've studied worms for years but now have the ability to study people," Szewczyk said. "We are at a place, particularly with NASA and the commercial sector, where we can focus on using more modern omics techniques to try and better understand changes in astronauts themselves, which can revolutionize their health."

Szewczyk, known for his work researching worms in space, highlights the significance of these creatures as the first multicellular animals to have their genome sequenced. Leveraging genomics tools and techniques developed through worm studies, researchers have been able to delve into the molecular changes experienced by organisms in space. He notes that for over two decades, worms have been sent into space to observe gene expression alterations, paving the way for these similar studies in humans.




But as space flight becomes more commercialized and more people outside of just NASA's astronauts pursue orbit, the need to understand the molecular level of humans in space becomes more important in ensuring their health and safety.

According to Szewczyk, the U.S. is growing in its space-based economy and as a result of that, there is now increased interest in commercial space flight. Even in Ohio there is a new space park in Columbus set up by the commercial company Voyager Space.

"The more commercial space flight grows, the more important understanding people's omics is," Szewczyk explained. "Space medicine is evolving from something that really only NASA was responsible for since they were the only organization sending people into space, to something more common as commercial space flight grows. We are seeing an increase in this type of flight from SpaceX and other companies and it is crucial that those entering space are prepared. Flight providers must provide medical coverage for their participants. When people go to the International Space Station (ISS), it is governed by certain rules and regulations, whereas with commercial space flight, these same guidelines don't necessarily apply. There is interest to grow space medicine and advance techniques for looking at health in space, especially as more people are able to go into orbit."

Szewczyk's impact extends far beyond the laboratory as he actively advocates for open science and international collaboration, particularly in the field of space research. As co-chair of the NASA GeneLab Animal Analysis Working Group, he promotes the sharing of scientific knowledge among international space agencies, exemplified by initiatives like integrating the European Space Agency and the Japanese Aerospace Exploration Agency (JAXA) into NASA working groups. Moreover, his involvement in a JAXA Flagship Project includes leading efforts to harmonize ethical concerns and research methodologies for precision health in astronauts across multiple space agencies, including NASA, ESA, and JAXA.

"Humans are humans regardless of where they are from or currently live and the way space impacts them is ultimately the same," Szewczyk said. "So the more we can all work together to compare how astronauts and those visiting space react in space, the better we can work to ensure safety and determine what guidelines need put in place for their health while in space and returning."
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Iron meteorites hint that our infant solar system was more doughnut than dartboard | ScienceDaily
Four and a half billion years ago, our solar system was a cloud of gas and dust swirling around the sun, until gas began to condense and accrete along with dust to form asteroids and planets. What did this cosmic nursery, known as a protoplanetary disk, look like, and how was it structured? Astronomers can use telescopes to "see" protoplanetary disks far away from our much more mature solar system, but it is impossible to observe what ours might have looked like in its infancy -- only an alien billions of light years away would be able to see it as it once was.


						
Fortunately, space has dropped a few clues -- fragments of objects that formed early in solar system history and plunged through Earth's atmosphere, called meteorites. The composition of meteorites tells stories of the solar system's birth, but these stories often raise more questions than answers.

In a paper published in Proceedings of the National Academy of Sciences, a team of planetary scientists from UCLA and Johns Hopkins University Applied Physics Laboratory reports that refractory metals, which condense at high temperatures, such as iridium and platinum, were more abundant in meteorites formed in the outer disk, which was cold and far away from the sun. These metals should have formed close to the sun, where the temperature was much higher. Was there a pathway that moved these metals from the inner disk to the outer?

Most meteorites formed within the first few million years of solar system history. Some meteorites, called chondrites, are unmelted conglomerations of grains and dust left over from planet formation. Other meteorites experienced enough heat to melt while their parent asteroids were forming. When these asteroids melted, the silicate part and the metallic part separated due to their difference in density, similar to how water and oil don't mix.

Today, most asteroids are located in a thick belt between Mars and Jupiter. Scientists think that Jupiter's gravity disrupted the course of these asteroids, causing many of them to smash into each other and break apart. When pieces of these asteroids fall to Earth and are recovered, they are called meteorites.

Iron meteorites are from the metallic cores of the earliest asteroids, older than any other rocks or celestial objects in our solar system. The irons contain molybdenum isotopes that point toward many different locations across the protoplanetary disk in which these meteorites formed. That allows scientists to learn what the chemical composition of the disk was like in its infancy.

Previous research using the Atacama Large Millimeter/submillimeter Array in Chile has found many disks around other stars that resemble concentric rings, like a dartboard. The rings of these planetary disks, such as HL Tau, are separated by physical gaps, so this kind of disk could not provide a route to transport these refractory metals from the inner disk to the outer.




The new paper holds that our solar disk likely didn't have a ring structure at the very beginning. Instead, our planetary disk looked more like a doughnut, and asteroids with metal grains rich in iridium and platinum metals migrated to the outer disk as it rapidly expanded.

But that confronted the researchers with another puzzle. After the disk expansion, gravity should have pulled these metals back into the sun. But that did not happen.

"Once Jupiter formed, it very likely opened a physical gap that trapped the iridium and platinum metals in the outer disk and prevented them from falling into the sun," said first author Bidong Zhang, a UCLA planetary scientist. "These metals were later incorporated into asteroids that formed in the outer disk. This explains why meteorites formed in the outer disk -- carbonaceous chondrites and carbonaceous-type iron meteorites -- have much higher iridium and platinum contents than their inner-disk peers."

Zhang and his collaborators previously used iron meteorites to reconstruct how water was distributed in the protoplanetary disk.

"Iron meteorites are hidden gems. The more we learn about iron meteorites, the more they unravel the mystery of our solar system's birth," Zhang said.
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Supermassive black hole appears to grow like a baby star | ScienceDaily
Supermassive black holes pose unanswered questions for astronomers around the world, not least "How do they grow so big?" Now, an international team of astronomers, including researchers from Chalmers University of Technology in Sweden, has discovered a powerful rotating, magnetic wind that they believe is helping a galaxy's central supermassive black hole to grow. The swirling wind, revealed with the help of the ALMA telescope in nearby galaxy ESO320-G030, suggests that similar processes are involved both in black hole growth and the birth of stars.


						
Most galaxies, including our own Milky Way have a supermassive black hole at their centre. How these mind-bogglingly massive objects grow to weigh as much as millions or billions of stars is a long-standing question for astronomers.

In search of clues to this mystery, a team of scientists led by Mark Gorski (Northwestern University and Chalmers) and Susanne Aalto (Chalmers) chose to study the relatively nearby galaxy ESO320-G030, only 120 million light years distant. It's a very active galaxy, forming stars ten times as fast as in our own galaxy.

"Since this galaxy is very luminous in the infrared, telescopes can resolve striking details in its centre. We wanted to measure light from molecules carried by winds from the galaxy's core, hoping to trace how the winds are launched by a growing, or soon to be growing, supermassive black hole. By using ALMA, we were able to study light from behind thick layers of dust and gas," says Susanne Aalto, Professor of Radio Astronomy at Chalmers University of Technology.

To zero in on dense gas from as close as possible to the central black hole, the scientists studied light from molecules of hydrogen cyanide (HCN). Thanks to ALMA's ability to image fine details and trace movements in the gas -- using the Doppler effect -- they discovered patterns that suggest the presence of a magnetised, rotating wind.

While other winds and jets in the centre of galaxies push material away from the supermassive black hole, the newly discovered wind adds another process, that can instead feed the black hole and help it grow.

"We can see how the winds form a spiralling structure, billowing out from the galaxy's centre. When we measured the rotation, mass, and velocity of the material flowing outwards, we were surprised to find that we could rule out many explanations for the power of the wind, star formation for example. Instead, the flow outwards may be powered by the inflow of gas and seems to be held together by magnetic fields," says Susanne Aalto.




The scientists think that the rotating magnetic wind helps the black hole to grow.

Material travels around the black hole before it can fall in -- like water around a drain. Matter that approaches the black hole collects in a chaotic, spinning disk. There, magnetic fields develop and get stronger. The magnetic fields help lift matter away from the galaxy, creating the spiralling wind. Losing matter to this wind also slows the spinning disk -- that means that matter can flow more easily into the black hole, turning a trickle into a stream.

For Mark Gorski, the way this happens is strikingly reminiscent of a much smaller-scale environment in space: the swirls of gas and dust that lead up to the birth of new stars and planets.

"It is well-established that stars in the first stages of their evolution grow with the help of rotating winds -- accelerated by magnetic fields, just like the wind in this galaxy. Our observations show that supermassive black holes and tiny stars can grow by similar processes, but on very different scales," says Mark Gorski.

Could this discovery be a clue to solving the mystery of how supermassive black holes grow? In the future, Mark Gorski, Susanne Aalto and their colleagues want to study other galaxies which may harbour hidden spiralling outflows in their centres.

"Far from all questions about this process are answered. In our observations we see clear evidence of a rotating wind that helps regulate the growth of the galaxy's central black hole. Now that we know what to look for, the next step is to find out how common a phenomenon this is. And if this is a stage which all galaxies with supermassive black holes go through, what happens to them next?," asks Mark Gorski.
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Walking brings huge benefits for low back pain | ScienceDaily
Adults with a history of low back pain went nearly twice as long without a recurrence of their back pain if they walked regularly, a world-first study has found.


						
About 800 million people worldwide have low back pain, and it is a leading cause of disability and reduced quality of life.

Repeated episodes of low back pain are also very common, with seven in 10 people who recover from an episode going on to have a recurrence within a year.

Current best practice for back pain management and prevention suggests the combination of exercise and education. However, some forms of exercise are not accessible or affordable to many people due to their high cost, complexity, and need for supervision.

A clinical trial by Macquarie University's Spinal Pain Research Group has looked at whether walking could be an effective, cost-effective and accessible intervention.

The trial followed 701 adults who had recently recovered from an episode of low back pain, randomly allocating participants to either an individualised walking program and six physiotherapist-guided education sessions over six months, or to a control group.

Researchers followed the participants for between one and three years, depending on when they joined, and the results have now been published in the latest edition of The Lancet.




The paper's senior author, Macquarie University Professor of Physiotherapy, Mark Hancock, says the findings could have a profound impact on how low back pain is managed.

"The intervention group had fewer occurrences of activity limiting pain compared to the control group, and a longer average period before they had a recurrence, with a median of 208 days compared to 112 days," Professor Hancock says.

"Walking is a low-cost, widely accessible and simple exercise that almost anyone can engage in, regardless of geographic location, age or socio-economic status.

"We don't know exactly why walking is so good for preventing back pain, but it is likely to include the combination of the gentle oscillatory movements, loading and strengthening the spinal structures and muscles, relaxation and stress relief, and release of 'feel-good' endorphins.

"And of course, we also know that walking comes with many other health benefits, including cardiovascular health, bone density, healthy weight, and improved mental health."

Lead author Dr Natasha Pocovi says in addition to providing participants with longer pain-free periods, the program was very cost-effective.




"It not only improved people's quality of life, but it reduced their need both to seek healthcare support and the amount of time taken off work by approximately half," she says.

"The exercise-based interventions to prevent back pain that have been explored previously are typically group-based and need close clinical supervision and expensive equipment, so they are much less accessible to the majority of patients.

"Our study has shown that this effective and accessible means of exercise has the potential to be successfully implemented at a much larger scale than other forms of exercise."

To build on these findings, the team now hopes to explore how they can integrate the preventive approach into the routine care of patients who experience recurrent low back pain.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240620152321.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Sweat health monitor measures levels of disease markers | ScienceDaily
A wearable health monitor developed by Washington State University researchers can reliably measure levels of important biochemicals in sweat during physical exercise.


						
The 3D-printed monitor could someday provide a simple and non-invasive way to track health conditions and diagnose common diseases, such as diabetes, gout, kidney disease or heart disease.

Reporting in the journal, ACS Sensors, the researchers were able to accurately monitor the levels of volunteers' glucose, lactate and uric acid as well as the rate of their sweating during exercise.

"Diabetes is a major problem worldwide," said Chuchu Chen, a WSU Ph.D. student and first author on the paper. "I think 3D printing can make a difference to the healthcare fields, and I wanted to see if we can combine 3D printing with disease detection methods to create a device like this."

For their proof-of-concept health monitor, the researchers used 3D printing to make the health monitors in a unique, one-step manufacturing process. The researchers used a single-atom catalyst and enzymatic reactions to enhance the signal and measure low levels of the biomarkers. Three biosensors on the monitor change color to indicate the specific biochemical levels.

Sweat contains many important metabolites that can indicate health conditions, but, unlike blood sampling, it's non-invasive. Levels of uric acid in sweat can indicate the risk of developing gout, kidney disease or heart disease. Glucose levels are used to monitor diabetes, and lactate levels can indicate exercise intensity.

"Sweat rate is also an important parameter and physiological indicator for people's health," said Kaiyan Qiu, Berry Assistant Professor in WSU's School of Mechanical and Materials Engineering.




But the amount of these chemicals in sweat is tiny and can be hard to measure, the researchers noted. While other sweat sensors have been developed, they are complex and need specialized equipment and expertise to fabricate. The sensors also have to be flexible and stretchable.

"It's novel to use single-atom catalysts to enhance the sensitivity and accuracy of the health monitor," said Annie Du, research professor in WSU's School of Mechanical and Materials Engineering. Qiu and Du led the study.

The health monitor the researchers developed is made of very tiny channels to measure the sweat rate and biomarkers' concentration. As they're being fabricated via 3D printing, the micro-channels don't require any supporting structure, which can cause contamination problems as they're removed, said Qiu.

"We need to measure the tiny concentrations of biomarkers, so we don't want these supporting materials to be present or to have to remove them," he said. "That's why we're using a unique method to print the self-supporting microfluidic channels."

When the researchers compared the monitors on volunteers' arms to lab results, they found that their monitor was accurately and reliably measuring the concentration of the chemicals as well as the sweating rate.

While the researchers initially chose three biomarkers to measure, they can add more, and the biomarkers can be customized. The monitors were also comfortable for volunteers to wear.

The researchers are now working to further improve the device design and validation. They are also hoping to commercialize the technology. The WSU Office of Commercialization has also filed a provisional patent application to protect the intellectual property associated with this technology.

The work was funded by the National Science Foundation and the Centers for Disease Control and Prevention, as well as through startup funds.
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Newly discovered dinosaur boasts big, blade-like horns | ScienceDaily
What do you get when you cross Norse mythology with a 78-million-year-old ancestor to the Triceratops? Answer: Lokiceratops rangiformis, a plant-eating dinosaur with a very fancy set of horns.


						
The new dinosaur was identified and named by Colorado State University affiliate faculty member Joseph Sertich and University of Utah Professor Mark Loewen. The dinosaur's name, announced today in the scientific journal PeerJ, translates roughly to "Loki's horned face that looks like a caribou."

Loewen and Sertich, co-lead authors of the PeerJ study, dubbed the new species Lokiceratops (lo-Kee-sare-a-tops) rangiformis because of the unusual, curving blade-like horns on the back of its frill -- the shield of bone at the back of the skull -- and the asymmetrical horns at the peak of the frill, reminiscent of caribou antlers.

"The dinosaur now has a permanent home in Denmark, so we went with a Norse god, and in the end, doesn't it just really look like Loki with the curving blades?" Loewen said, referring to the trickster god's weapon of choice.

Loewen, a paleontologist at the Natural History Museum of Utah, and Sertich, a paleontologist with the Smithsonian Tropical Research Institute, are both scientific consultants for the Museum of Evolution in Denmark, Lokiceratops' new home.

"It's one of those stories with a happy ending, where it didn't go to somebody's mansion," Sertich said. "It ended up in a museum, where it will be preserved forever so people can study it and enjoy visiting it."

New dinosaur discovery

Lokiceratops was discovered in 2019 in the badlands of northern Montana, two miles (3.2 kilometers) south of the U.S.-Canada border. Sertich and Loewen helped reconstruct the dinosaur from fragments the size of dinner plates and smaller. Once they had pieced the skull together, they realized the specimen was a new type of dinosaur.




Estimated to be 22 feet (6.7 meters) long and weigh 11,000 pounds (5 metric tonnes), Lokiceratops is the largest dinosaur from the group of horned dinosaurs called centrosaurines ever found in North America. It has the largest frill horns ever seen on a horned dinosaur and lacks the nose horn that is characteristic among its kin.

"This new dinosaur pushes the envelope on bizarre ceratopsian headgear, sporting the largest frill horns ever seen in a ceratopsian," Sertich said in a press release announcing the dinosaur's unveiling at the Natural History Museum of Utah, where a replica is displayed. "These skull ornaments are one of the keys to unlocking horned dinosaur diversity and demonstrate that evolutionary selection for showy displays contributed to the dizzying richness of Cretaceous ecosystems."

Sertich likened dinosaur horns to feathers on birds. Birds use feather colors and patterns to differentiate their own species among other, similar species of birds.

"We think that the horns on these dinosaurs were analogous to what birds are doing with displays," Sertich said. "They're using them either for mate selection or species recognition."

What Loki's horns tell us about dinosaurs

Lokiceratops was excavated from the same rock layer as four other dinosaur species, indicating that five different dinosaurs lived side by side 78 million years ago in the swamps and coastal plains along the eastern shore of Laramidia, the western landmass of North America created when a seaway divided the continent. Three of these species were closely related but not found outside the region.




"It's unheard-of diversity to find five living together, similar to what you would see on the plains of East Africa today with different horned ungulates," Sertich said.

Unlike the broad range of large wild mammals that roam the U.S. West today, such as elk, these ancient animals were geographically limited, he added. Loki's discovery provides evidence that these species evolved rapidly within a small area, a process sometimes seen in birds.

By the time Triceratops came onto the scene 12 million years later, regional differences had been homogenized into just two species of horned dinosaurs from Canada to Mexico -- possibly in response to a more homogenous climate, Sertich said.

The study shows that dinosaur diversity has been underestimated and presents the most complete family tree of horned dinosaurs to date.

"Lokiceratops helps us understand that we only are scratching the surface when it comes to the diversity and relationships within the family tree of horned dinosaurs," Loewen said.
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First conclusive evidence that a terrestrial leech species can jump | ScienceDaily
A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century. Researchers from the American Museum of Natural History, Fordham University, and City University of New York (CUNY)'s Medgar Evers College published the footage and corresponding analysis today in the journal Biotropica.


						
"We believe this is the first convincing evidence that leeches can jump and do so with visible energy expenditure," said lead author Mai Fahmy, a visiting scientist at the Museum and a postdoctoral researcher at Fordham University. "There have been previous accounts of leeches jumping, including onto people, but those reports were often explained away as leeches just attaching to passerby as they brushed against shrubs or dropping from a branch above. This study dispels that argument."

During two separate expeditions to Madagascar in 2017 and in 2023, Fahmy recorded footage of leeches from the genus Chtonobdella coiling back on a leaf and then taking off. Fahmy and coauthor Michael Tessler, an assistant professor at CUNY's Medgar Evans College and a research associate at the Museum, compare this motion to a "backbending cobra," or to a spring being pulled back. In both cases, the leech keeps its body extended as it soars through the air to the ground, in a notable departure from their usual inchworm-like movements.

"Essentially, it executes a graceful jump but with a seemingly hard landing," Tessler said.

Several other worm-like invertebrates can jump, including the legless larvae of gall midges (Asphondylia sp.), which assume a loop posture before propelling themselves into the air, the larvae of Mediterranean fruit flies (Ceratitis capitata), "skipper flies" (Prochyliza xanthostoma), and several caterpillars, including Lymantria monacha and Orgyia leucostigma. While naturalists and leech biologists have long argued about the ability of terrestrial leeches in the family Haemadipsidae to jump, with some making observations of leeches leaping in their travel notes, there has been little concrete evidence until now.

Fahmy collected the jumping leech she observed on the 2023 trip, and the researchers identified it as Chtonobdella fallax, a common species in Madagascar. The larger Chtonobdella group of leeches to which C. fallax belongs can be found across Madagascar, the Seychelles, the Malay Archipelago, and the South Pacific Islands.

"We do not know how often this may happen or whether these leeches use this ability to seek out hosts, but, given that we caught multiple jumps in two short recordings, this behavior may be common for this species," said Tessler, who studied leeches extensively as a graduate student in the comparative biology Ph.D. program at the Museum's Richard Gilder Graduate School.

Understanding overall leech behavior is also important to conservation efforts because leeches -- and more specifically, their blood meals -- are increasingly being collected to survey vertebrate biodiversity.

"If we can identify how leeches find and attach to hosts, we can better understand the results of their gut content analyses," Fahmy said. "Leeches are also often overlooked and understudied, and, as a natural part of the ecosystem, leeches themselves may be in need of conservation protection."
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New genetic cause of obesity could help guide treatment | ScienceDaily
Scientists have discovered a new cause of why people who lack a specific blood group are genetically predisposed to be overweight or obese.


						
A team of international researchers, led by the University of Exeter, discovered that people with a genetic variant that disables the SMIM1 gene have higher body weight because they expend less energy when at rest.

SMIM1 was only identified 10 years ago, whilst searching for the gene encoding a specific blood group, known as Vel. One in 5,000 people lack both copies of the gene, making them Vel-negative. The findings from the new research suggest that this group is also more likely to be overweight, a conclusion which could one day lead to new treatments. The team now hopes to test whether a cheaply and widely available drug for thyroid dysfunction may be effective in treating obesity in people who lack both copies of SMIM1.

The study also found that people without both copies of the gene have other measures linked to obesity including high levels of fat in the blood, signs of fat tissue dysfunction, increased liver enzymes as well as lower levels of thyroid hormones.

The new research is published in Med and was funded by the National Institute for Health and Care Research and the British Heart Foundation. The collaboration included partners at the University of Cambridge, the Sanger Institute, the Copenhagen University in Denmark, and the Lund University in Sweden.

Lead author Mattia Frontini, Associate Professor of Cell Biology at the University of Exeter Medical School, said: "Obesity rates have nearly tripled in the past 50 years, and by 2030, more than one billion individuals worldwide are projected to be obese. The associated diseases and complications create significant economic burden on healthcare systems. Obesity is due to an imbalance between energy intake and expenditure, often a complex interplay of lifestyle, environmental, and genetic factors. In a small minority of people, obesity is caused by genetic variants. When this is the case, new treatments can sometimes be found to benefit these people -- and we're now hoping to run a clinical trial to find out whether widely-available drug for thyroid supplementation may be beneficial in treating obesity in people who lack SMIM1."

"Our findings highlight the need to investigate the genetic cause of obesity, to select the most appropriate and effective treatment, but also to reduce the social stigma associated to it."

To make the discovery, the team analysed the genetics of nearly 500,000 participants in the UK Biobank cohort, identifying 104 people with the variant that leads to loss of function in the SMIM1 gene (46 females and 44 males). The team also used the NIHR National BioResource to obtain fresh blood samples from both Vel negative and positive individuals.The NIHR National BioResource worked in partnership with NHS Blood and Transplant (NHSBT) -- which includes more than 100,000 blood donors who signed up to support genetic research studies. Extrapolating the frequencies identified in these cohorts would mean the SMIM1 variant could be a significant factor contributing to obesity for around 300,000 people across the world.




The team interrogated the effects they found in four additional cohorts of people with the SMIM1 gene variant.  They found that having the variant had an impact on weight, equating to an average extra 4.6kg in females and 2.4kg in males.

Co-author Jill Storry, Adjunct Professor at Lund University, Sweden, said: "SMIM1 was only discovered a decade ago, as a long-sought blood group protein on red blood cells, but its other function has remained unknown until now. It's very exciting to find that it has a more general role in human metabolism."

Co-author Professor Ole Pedersen, at University of Copenhagen, Denmark, said: "The whole team is very much looking forward to seeing how this new knowledge can be translated into practical solutions for people with this genetic make-up."

First author Dr Luca Stefanucci, at the University of Cambridge, said: "With the increased availability of genetic data, and more information on SMIM1 mechanism, we would like to see that when individuals lacking SMIM1 are identified, they receive information and support."
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Climate models underestimate carbon cycling through plants | ScienceDaily
The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.


						
The findings have implications for our understanding of the role of nature in mitigating climate change, including the potential for nature-based carbon removal projects such as mass tree-planting.

The research, carried out by an international team led by Dr Heather Graven at Imperial College London and published today in Science, reveals that existing climate models underestimate the amount of carbon dioxide (CO2) that is taken up by vegetation globally each year, while overestimating how long that carbon remains there.

Dr Graven, Reader in Climate Physics in Imperial's Department of Physics, said: "Plants across the world are actually more productive than we thought they were."

The findings also mean that while carbon is taken up by plants quicker than thought, the carbon is also locked up for a shorter time, meaning carbon from human activities will be released back into the atmosphere sooner than previously predicted.

Dr Graven added: "Many of the strategies being developed by governments and corporations to address climate change rely on plants and forests to draw down planet-warming CO2 and lock it away in the ecosystem.

"But our study suggests that carbon stored in living plants does not stay there as long as we thought. It emphasises that the potential for such nature-based carbon removal projects is limited, and fossil fuel emissions need to be ramped down quickly to minimise the impact of climate change."

Using carbon




Until now, the rate at which plants use CO2 to produce new tissues and other parts globally -- a measure known as Net Primary Productivity -- has been approximated by scaling up data from individual sites. But the sparsity of sites with comprehensive measurements means it has not been possible to accurately calculate Net Primary Productivity globally.

Plants' productivity has been increasing since the early 1900s and more CO2 is currently taken up by plants than is released back to the air. Researchers know that approximately 30% of CO2 emissions by human activities are therefore stored in plants and soils each year, reducing climate change and its impacts.

However, the details of how this storage happens, and its stability into the future, are not yet well understood.

In this study, radiocarbon (14C) -- a radioactive isotope of carbon -- was combined with model simulations to understand how plants use CO2 at a global scale, unlocking valuable insights into the interaction between the atmosphere and the biosphere.

Tracking carbon from bomb tests 

Radiocarbon is produced naturally, but nuclear bomb testing in the 1950s and 1960s increased the level of 14C in the atmosphere. This extra 14C was available to plants globally, giving researchers a good tool to measure how fast they could take it up.




By examining the accumulation of 14C in plants between 1963 and 1967 -- a period when there were no significant nuclear detonations and the total 14C in the Earth system was relatively constant -- the authors could assess how quickly carbon moves from the atmosphere to vegetation and what happens to it once it's there.

The results show that current, widely used models that simulate how land and vegetation interact with the atmosphere underestimate the Net Primary Productivity of plants globally. The results also show that the models overestimate the storage time of carbon in plants.

Role of the biosphere

Co-author Dr Charles Koven, from Lawrence Berkeley National Laboratory, USA, said: "These observations are from a unique moment in history, just after the peak of atomic weapons testing in the atmosphere in the 1960s.

"The observations show that the growth of plants at the time was faster than current climate models estimate that it was. The significance is that it implies that carbon cycles more rapidly between the atmosphere and biosphere than we have thought, and that we need to better understand and account for this more rapid cycling in climate models."

The authors say the research demonstrates the need to improve theories about how plants grow and interact with their ecosystems, and to adjust global climate models accordingly, to better understand how the biosphere is mitigating climate change.

Co-author Dr Will Wieder, from the National Center for Atmospheric Research, USA, said: "Scientists and policymakers need improved estimates of historical land carbon uptake to inform projections of this critical ecosystem service in future decades. Our study provides critical insights into terrestrial carbon cycle dynamics, which can inform models that are used for climate change projections."

The work highlights the usefulness of radiocarbon measurements in helping to unpick the complexities of the biosphere. The study's authors include German physicist Ingeborg Levin, a pioneer in radiocarbon and atmospheric research, who sadly died in February.
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Hurricane changed 'rules of the game' in monkey society | ScienceDaily
A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.


						
Hurricane Maria hit Puerto Rico in 2017, killing more than 3,000 people. It also destroyed 63% of vegetation on Cayo Santiago (also known as Monkey Island), which is home to a population of rhesus macaques.

Even now, tree cover remains far below pre-hurricane levels and -- in this hot part of the world -- that makes shade a scarce and precious resource for the macaques.

The new study, led by the universities of Pennsylvania and Exeter and published in the journal Science, shows the storm damage altered the evolutionary benefits of tolerating others and sharing shade -- giving a survival advantage to tolerant macaques.

With many ecosystems changing rapidly due to human activity, this study is an example of a species adapting its social strategy to survive.

"In response to the drastic changes caused by the hurricane, macaques persistently increased tolerance and decreased aggression towards each other," said Dr Camille Testard, from the University of Pennsylvania.

"This enabled more macaques to access scarce shade, which is critical for survival."

Dr Testard added: "We examined 10 years of data on the strength and number of macaques' social ties, before and after the hurricane.




"Before the hurricane, tolerating others had no impact on risk of death.

"Afterwards, macaques that displayed more than average social tolerance -- and were therefore better able to share shade -- were 42% less likely to die than those that were less tolerant."

This represents a sudden change in "selection pressure" -- the evolutionary benefits or costs of different traits or behaviours.

Social behaviour was assessed by recording aggression and how often individuals were seen sitting together.

"Macaques aren't the best at sharing resources -- be they food or shade. They are well known to live in an aggressive, highly competitive society," said Professor Lauren Brent, from the University of Exeter.

"But in the heat caused by ecological changes, often around 40C, the macaques had to share space or die."

Dr Testard added: "To access shade, they need to tolerate -- and be tolerated by -- others, and we found that this tolerance spills over into other daily interactions.




"Macaques that began sharing shade also spend time together in the mornings, before the day's heat forces them to seek shade.

"In effect, the hurricane changed the rules of the game in the monkeys' society."

Professor Brent added: "For group-living animals, social relationships may allow them to cope with disturbances in the environment, including human-induced climate change.

"We were surprised the macaques' social behaviour was so flexible, making them resilient to this environmental change, but some species may not display this same flexibility."

The research team included Arizona State University and New York University.

Funders included the National Institutes of Health, the European Research Council, the National Science Foundation and the Royal Society.

The paper is entitled: "Ecological disturbance alters the adaptive benefits of social ties."
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New catalyst unveils the hidden power of water for green hydrogen generation | ScienceDaily
Hydrogen is a promising chemical and energy vector to decarbonize our society. Unlike conventional fuels, hydrogen utilization as a fuel does not generate carbon dioxide in return. Unfortunately, today, most of the hydrogen that is produced in our society comes from methane, a fossil fuel. It does so in a process (methane reforming) that leads to substantial carbon dioxide emissions. Therefore, the production of green hydrogen requires scalable alternatives to this process.


						
Water electrolysis offers a path to generate green hydrogen which can be powered by renewables and clean electricity. This process needs cathode and anode catalysts to accelerate the otherwise inefficient reactions of water splitting and recombination into hydrogen and oxygen, respectively. From its early discovery in the late 18th century, the water electrolysis has matured into different technologies. One of the most promising implementations of water electrolysis is the proton-exchange-membrane (PEM), which can produce green hydrogen combining high rates and high energy efficiency.

To date, water electrolysis, and in particular PEM, has required catalysts based on scarce, rare elements, such as platinum and iridium, among others. Only a few compounds combine the required activity and stability at the harsh chemical environment imposed by this reaction. This is specially challenging in the case of anode catalysts, which have to operate at highly corrosive acidic environments -- conditions where only iridium oxides have shown stable operation at the required industrial conditions. But iridium is one of the scarcest elements on earth.

In search for possible solutions, a team of scientists has recently taken an important step to find alternatives to iridium catalysts. This multidisciplinary team has managed to develop a novel way to confer activity and stability to an iridium-free catalyst by harnessing so far unexplored properties of water. The new catalyst achieves, for the first time, stability in PEM water electrolysis at industrial conditions without the use of iridium.

This breakthrough, published in Science, has been carried out by ICFO researchers Ranit Ram, Dr. Lu Xia, Dr. Anku Guha, Dr. Viktoria Golovanova, Dr. Marinos Dimitropoulos, Aparna M. Das and Adrian Pinilla-Sanchez, and led by Professor at ICFO Dr. F. Pelayo Garcia de Arquer; and includes important collaborations from the Institute of Chemical Research of Catalonia (ICIQ), The Catalan Institute of Science and Technology (ICN2), French National Center for Scientific Research (CNRS), Diamond Light Source, and the Institute of Advanced Materials (INAM).

Dealing with the acidity

Combining activity and stability in highly acidic environment is challenging. Metals from the catalyst tend to dissolve, as most materials are not thermodynamically stable at low pH and applied potential, in a water environment. Iridium oxides combine activity and stability at these harsh conditions, and that is why they are the prevalent choice for anodes in proton-exchange water electrolysis.




The search for alternatives to iridium is not only an important applied challenge, but a fundamental one. Intense research on the look for non-iridium catalysts has led to new insights on the reaction mechanisms and degradation, especially with the use of probes that could study the catalysts during operation combined with computational models. These led to promising results using manganese and cobalt oxide-based materials, and exploiting different structures, composition, and dopants, to modify the physicochemical properties of the catalysts.

While insightful, most of these studies were performed in fundamental not-scalable reactors and operating at softer conditions that are far from the final application, especially in terms of current density. Demonstrating activity and stability with non-iridium catalysts in PEM reactors and at PEM-relevant operating conditions (high current density) had to date remained elusive.

To overcome this, the ICFO, ICIQ, ICN2, CNRS, Diamond Light Source and INAM researchers came up with a new approach in the design of non-iridium catalysts, achieving activity and stability in acid media. Their strategy, based on cobalt (very abundant and cheap), was quite different to the common paths.

"Conventional catalyst design typically focuses on changing the composition or the structure of the employed materials. Here, we took a different approach. We designed a new material that actively involves the ingredients of the reaction (water and its fragments) in its structure. We found that the incorporation of water and water fragments into the catalyst structure can be tailored to shield the catalyst at these challenging conditions, thus enabling stable operation at the high current densities that are relevant for industrial applications," explains Professor at ICFO, Garcia de Arquer. With their technique, consisting in a delamination process that exchanges part of the material by water, the resulting catalyst present as a viable alternative to iridium-based catalysts.

A new approach: the delamination process

To obtain the catalyst, the team looked into a particular cobalt oxide: cobalt-tungsten oxide (CoWO4), or in short CWO. On this starting material, they designed a delamination process using basic water solutions whereby tungsten oxides (WO42-) would be removed from the lattice and exchanged by water (H2O) and hydroxyl (OH-) groups in a basic environment. This process could be tuned to incorporate different amount of H2O and OH- into the catalyst, which would then be incorporated onto the anode electrodes.




The team combined different photon-based spectroscopies to understand this new class of material during operation. Using infrared Raman and x-rays, among others, they were able to assess the presence of trapped water and hydroxyl groups, and to obtain insights on their role conferring activity and stability for water splitting in acid. "Being able to detect the trapped water was really challenging for us," continues leading co-author Dr. Anku Guha. "Using Raman spectroscopy and other light-based techniques we finally saw that there was water in the sample. But it was not "free" water, it was confined water"; something that had a profound impact on performance.

From these insights, they started working closely with collaborators experts in catalyst modelling. "The modeling of activated materials is challenging as large structural rearrangments take place. In this case the delamination employed in the activation treatment increases the number of active sites and changes the reaction mechanism rendering the material more active. Understanding these materials requires a detailed mapping between experimental observations and simulations," says Prof. Nuria Lopez from ICIQ. Their calculations, led by a leading co-author Dr. Hind Benzidi, were crucial to understand how the delaminated materials, shielded by water, were not only thermodynamically protected against dissolution in highly acidic environments, but also active.

But, how is this possible? Basically, the removal of tungsten-oxide leaves a hole behind, exactly where it was previously located. Here is where the "magic" happens: water and hydroxide, which are vastly present in the medium, spontaneously fill the gap. This in turn shields the sample, as it renders the cobalt dissolution an unfavorable process, effectively holding the catalyst components together.

Then, they assembled the delaminated catalyst into a PEM reactor. The initial performance was truly remarkable, achieving higher activity and stability than any prior art. "We increased five times the current density, arriving to 1 A/cm2 -- a very challenging landmark in the field. But, the key is, that we also reached more than 600 hours of stability at such high density. So, we have reached the highest current density and also the highest stability for non-iridium catalysts," shares leading co-author Dr. Lu Xia.

"At the beginning of the project, we were intrigued about the potential role of water itself as the elephant in the room in water electrolysis," explains Ranit Ram, first author of the study and instigator of the initial idea. "No one before had actively tailored water and interfacial water in this way." In the end, it turned out to be a real game changer.

Even though the stability time is still far from the current industrial PEMs, this represents a big step towards making them not dependent on iridium or similar elements. In particular, their work brings new insights for water electrolysis PEMs design, as it highlights the potential to address catalyst engineering from another perspective; by actively exploiting the properties of water.

Towards the industrialization

The team has seen such potential in the technique that they have already applied for a patent, with the aim of scaling it up to industry levels of production. Yet, they are aware of the non-triviality of taking this step, as Prof. Garcia de Arquer notices: "Cobalt, being more abundant than iridium, is still a very troubling material considering from where it is obtained. That is why we are working on alternatives based on manganese, nickel and many other materials. We will go through the whole the periodic table, if necessary. And we are going to explore and try with them this new strategy to design catalysts that we have reported in our study."

Despite the new challenges that will for sure arise, the team is convinced of the potential of this delamination process and they are all determined to pursue this goal. Ram, in particular, shares: "I have actually always wanted to advance renewable energies, because it will help us as a human community to fight against climate change. I believe our studies contributed one small step into the right direction."
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        How do our memories last a lifetime? New study offers a biological explanation
        A new study by a team of international researchers has uncovered a biological explanation for long-term memories. It centers on the discovery of the role of a molecule, KIBRA, that serves as a 'glue' to other molecules, thereby solidifying memory formation.

      

      
        Dancers are less neurotic
        A study has shown that both amateur and professional dancers are less neurotic than people who do not dance. They are also more agreeable, more open, and more extraverted.

      

      
        Changing the game for sports emergency action plans
        A national position statement on emergency action plan development and implementation in sports from an athletic training researcher sets in motion new priorities for responding to catastrophic injuries. The recommendations apply to sports through all levels, from youth to high school to collegiate and professional leagues.

      

      
        Light-weight microscope captures large-scale brain activity of mice on the move
        With a new microscope that's as light as a penny, researchers can now observe broad swaths of the brain in action as mice move about and interact with their environments.

      

      
        Zebrafish reveal how bioelectricity shapes muscle development
        New research describes how nerve cells and muscle cells communicate through electrical signals during development -- a phenomenon known as bioelectricity. The communication, which takes place via specialized channels between cells, is vital for proper development and behavior. The study identifies specific genes that control the process, and pins down what happens when it goes wrong. The finding offers clues to the genetic origins of muscle disorders in humans.

      

      
        'A hearty debate' concludes plant-based meat alternatives are healthier for your heart than meat
        Even though there is substantial variability in the contents and nutritional profiles of plant-based meat alternatives (PBMAs), the nutritional profiles tend to reflect a heart-healthy dietary pattern. A review article of the available studies directly comparing the impact of plant-based and animal-based meats consistently suggests that the plant-based alternatives improve cardiovascular risk factors.

      

      
        Adolescents today are more satisfied with being single
        Young people aged 14 to 20 years are nowadays more satisfied with being single than their counterparts ten years ago.

      

      
        How uncertainty builds anxiety
        Alfred Hitchcock observed that 'There is no terror in the bang, only in the anticipation of it.' A common way to build suspense in a movie scene is for the audience to know something bad is going to happen, but not when it is going to happen. But how does uncertainty work to ratchet up our anxiety? Researchers took a deeper look into what builds fear.

      

      
        Conversation Is Changing: Why people speak more alike today
        Over a 20-year period people from these sectors changed their behavior -- resonating with one another significantly more than they used to and gearing towards a more engaging style. We talk like others to be more inclusive and 'resonate' with them.

      

      
        Your future medications could be personalized for you on a 3D printer
        Scientists are helping to develop standards and safety protocols that would allow pharmacies to print drugs onsite at a dosage best for you.

      

      
        Next platform for brain-inspired computing
        Computers have come so far in terms of their power and potential, rivaling and even eclipsing human brains in their ability to store and crunch data, make predictions and communicate. But there is one domain where human brains continue to dominate: energy efficiency.

      

      
        Moving objects precisely with sound
        Researchers have succeeded in directing floating objects around an aquatic obstacle course using only soundwaves. Their novel, optics-inspired method holds great promise for biomedical applications such as noninvasive targeted drug delivery.

      

      
        Study finds better survival rates for recipients of lung from hospital-based donor care units compared to independent donor care units
        A new study examined the differences in lung transplant graft outcomes from organs recovered from the two types of deceased organ donor care facilities operating in the United States. The research offers insights that could improve the organ donation and transplantation process for patients across the nation.

      

      
        3D-printed chip sensor detects foodborne pathogens for safer products
        Researchers have developed a new method for detecting foodborne pathogens that is faster, cheaper, and more effective than existing methods. Their microfluidic chip uses light to detect multiple types of pathogens simultaneously and is created using 3D printing, making it easy to fabricate in large amounts and modify to target specific pathogens. The researchers hope their technique can improve screening processes and keep contaminated food out of the hands of consumers.

      

      
        Empathetic children may have poorer health in the face of interparental conflict
        Children who report being more empathetic are more likely to show signs of poorer health in the face of more interparental conflict than less empathetic children, according to a new study.

      

      
        Should you eat more dietary fiber? New study says it depends
        Nutritionists generally advise everyone to eat more dietary fiber, but a new study suggests that its effects on health can vary from person to person. The findings indicate that recommendations should be tailored to each individual's gut microbiome.

      

      
        Rising health care prices are driving unemployment and job losses
        Rising health care prices in the U.S. are leading employers outside the health care sector to reduce their payroll and decrease their number of employees, according to a new study. The study found that when health care prices increased, non-health care employers responded by reducing their payroll and cutting the jobs of middle-class workers. For the average county, a 1% increase in health care prices would reduce aggregate income in the area by approximately $8 million annually.

      

      
        Meet CARMEN, a robot that helps people with mild cognitive impairment
        Meet CARMEN, short for Cognitively Assistive Robot for Motivation and Neurorehabilitation -- a small, tabletop robot designed to help people with mild cognitive impairment (MCI) learn skills to improve memory, attention, and executive functioning at home.

      

      
        Myths about intermittent fasting, debunked
        Research shows that the increasingly popular weight-loss strategy is safe. Intermittent fasting has become an increasingly popular way to lose weight without counting calories. And a large body of research has shown it s safe. Still, several myths about fasting have gained traction.

      

      
        Researchers develop RNA-targeting technology for precisely manipulating parts of human genes
        Researchers have harnessed a bacterial immune defense system, known as CRISPR, to efficiently and precisely control the process of RNA splicing. The technology opens the door to new applications, including systematically interrogating the functions of parts of genes and correcting splicing deficiencies that underlie numerous diseases and disorders.

      

      
        Facial recognition linked to close social bonds, not social butterflies
        Do you have trouble recognizing faces, or do you never forget a face? The better you are at facial recognition, the more supportive relationships you are likely to have, regardless of your personality type.

      

      
        Personalized magnetic stimulation may help in treating depression
        Not all patients with depression respond to medication. Two recently published studies provide additional information on how an alternative treatment, transcranial magnetic stimulation (TMS), could be further enhanced. Researchers developed more precise methods that could, in the future, help to develop individually tailored magnetic stimulation therapies for depression.

      

      
        The hippocampus, the cerebral conductor of our daily priorities
        How does our brain distinguish between urgent and less urgent goals? Researchers explored how our brain remembers and adjusts the goals we set ourselves on a daily basis. Their study reveals differences in the way we process immediate and distant goals, at both behavioral and cerebral levels. These discoveries, described in the journal Nature Communications, could have significant implications for understanding psychiatric disorders, particularly depression, which can hamper the formulation of cl...

      

      
        New study confirms forever chemicals are absorbed through human skin
        A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.

      

      
        New study demonstrates the efficacy of a promising celiac disease drug at the molecular level
        A recent study investigated whether a transglutaminase 2 inhibitor has potential as a drug to treat celiac disease. Previous tissue studies have shown that the ZED1227 transglutaminase 2 inhibitor prevents gluten-induced intestinal damage. The results of the new study, based on an analysis of the molecular activity of more than 10,000 genes, provide very strong evidence that the first successful drug to treat celiac disease may be at hand.

      

      
        New mathematical proof helps to solve equations with random components
        Many dynamic processes can be described mathematically with the aid of stochastic partial differential equations. Scientists have found a new method which helps to solve a certain class of such equations.

      

      
        Standardized protocols help hospitals treat strokes faster
        Research illustrates that American Heart Association and American Stroke Association guidelines are effective at speeding up hospitals' response times for stroke treatment and can be mastered even by members of 'ad hoc' medical teams that assemble rapidly on the fly.

      

      
        Study examines acceptability of teleneurology across neurological conditions
        One of the first studies to examine patient acceptability of teleneurology and determine factors influencing acceptability across neurological conditions, has found teleneurology was highly acceptable across the full range of patients with different neurological diagnoses, including headache, movement disorders and other neurological symptoms and diagnoses. The study also determined that the more medical complexity -- having additional diseases -- was associated with increased patient satisfactio...

      

      
        Novel blood-powered chip offers real-time health monitoring
        Researchers develop the first-ever device powered by blood to measure blood electrical conductivity.

      

      
        New approach accurately identifies medications most toxic to the liver
        A study developed a novel approach to using health care data to measure rates of liver injury since the current method of counting cases is not providing an accurate picture.

      

      
        Study reveals new opportunities to develop cancer treatments
        Researchers uncovered new potential therapeutic targets for cancer and new insights into existing cancer drug targets, expanding the breadth of possibilities for treating this disease.

      

      
        How much oxygen do very premature babies need after birth?
        A study suggests giving oxygen at a concentration of 90 to 100 percent soon after birth could halve the risk of death for very premature babies that need help breathing.

      

      
        Trial offers hope for cheaper, more tolerable, ketamine treatment
        For those suffering from treatment-resistant depression, the anaesthetic drug ketamine offers hope, but it has side effects and can be costly to access -- a clinical trial may change that.

      

      
        Ketamine slow-release tablet reduces symptoms of severe depression: Clinical trial
        A slow-release, tablet form of ketamine with minimal side-effects has the potential to make treatment more affordable and accessible.

      

      
        Circulating microRNAs likely as effective as A1C for predicting type 2 diabetes in youth
        Type 2 diabetes in young people ages 10 to 19 has more than doubled in the past 20 years, yet it remains difficult for physicians to predict who will be diagnosed and who will improve with treatment. A new study shows that measuring the circulating abundance of microRNAs -- which affect insulin-producing beta cells in the pancreas -- is likely as effective as measuring the level of sugar in the blood for determining how a young person with the condition will fare.

      

      
        Semaglutide leads to greater weight loss in women than men with HF and improves HF symptoms
        Semaglutide, a medication initially developed for type 2 diabetes and obesity, significantly improves symptoms in men and women with a common type of heart failure that has had few therapeutic options. Women experienced greater weight loss and the same symptom benefits compared with men.

      

      
        Study identifies first drug therapy for sleep apnea
        An international study shows new drug improves sleep, health in patients diagnosed with obesity and sleep apnea.

      

      
        Simple test for flu could improve diagnosis and surveillance
        Fewer than one percent of people who get the flu every year get tested, in part because most tests require trained personnel and expensive equipment. Now researchers have developed a low-cost paper strip test that could allow more patients to find out which type of flu they have and get the right treatment. The test uses CRISPR to distinguish between the two main types of seasonal flu, influenza A and B, as well as seasonal flu subtypes H1N1 and H3N2. It can also identify strains that resist anti...

      

      
        Imaging technology captures how neurons communicate with new clarity
        Insights from advanced imaging technology show how neurons communicate at the atomic level for the first time.

      

      
        ChatGPT is biased against resumes with credentials that imply a disability -- but it can improve
        Researchers found that ChatGPT consistently ranked resumes with disability-related honors and credentials -- such as the 'Tom Wilson Disability Leadership Award' -- lower than the same resumes without those honors and credentials. But when researchers customized the tool with written instructions directing it not to be ableist, the tool reduced this bias for all but one of the disabilities tested.

      

      
        Potential targets for prevention and early identification of psychotic disorders
        A new study found that nearly 75 per cent of young people with a psychotic disorder had at least one mental health service visit within the three years prior to their first diagnosis of the disorder.

      

      
        How old is your bone marrow?
        Our bone marrow the fatty, jelly-like substance inside our bones is an unseen powerhouse quietly producing 500 billion new blood cells every day. That process is driven by hematopoietic stem cells that generate all of the various types of blood cells in our bodies and regenerating themselves to keep the entire assembly line of blood production operating smoothly.

      

      
        Chilling discovery: Study reveals evolution of human cold and menthol sensing protein, offering hope for future non-addictive pain therapies
        Menthol sensing appeared long before cold sensing, suggesting distinct activation modes that can be disentangled, paving the way for new pain therapies without adverse thermal side effects.

      

      
        Cooling 'blood oranges' could make them even healthier -- a bonus for consumers
        An orange teeming with antioxidants and other health benefits may be a shot in the arm for consumers and citrus growers, if the fruit is stored at cool temperatures, a new study shows.

      

      
        Hidden DNA mechanisms of rare genetic diseases uncovered
        Researchers have uncovered how specific DNA rearrangements called inverted triplications contribute to the development of various genetic diseases. The study reveals that during DNA repair, segments may switch templates within inverted repeats, leading to structural variations and gene dosage alterations, impacting conditions like MECP2 duplication syndrome. This discovery opens new avenues for understanding and treating rare genetic disorders.

      

      
        Resiliency shaped by activity in the gut microbiome and brain
        A new study has found that resilient people exhibit neural activity in the brain regions associated with improved cognition and regulating of emotions, and were more mindful and better at describing their feelings.

      

      
        Membrane protein analogues could accelerate drug discovery
        Researchers have created a deep learning pipeline for designing soluble analogues of key protein structures used in pharmaceutical development, sidestepping the prohibitive cost of extracting these proteins from cell membranes.

      

      
        Lab-grown muscles reveal mysteries of rare muscle diseases
        Biomedical engineers have grown muscles in a lab to better understand and test treatments for a group of extremely rare muscle disorders called dysferlinopathy or limb girdle muscular dystrophies 2B (LGMD2B). The research revealed the biological mechanisms underlying the disease and showed that a combination of existing treatments could alleviate its symptoms.

      

      
        Research finds causal evidence tying cerebral small-vessel disease to Alzheimer's, dementia
        While previous studies suggested an association of the most common cerebral small-vessel disease with dementia risk, new research provides evidence of causal link, identifying it as a major vascular factor.

      

      
        Activating molecular target reverses multiple hallmarks of aging
        Researchers have demonstrated that therapeutically restoring 'youthful' levels of a specific subunit of the telomerase enzyme can significantly reduce the signs and symptoms of aging in preclinical models. If these findings are confirmed in clinical studies, there may be therapeutic implications for age-related diseases such as Alzheimer's, Parkinson's, heart disease and cancer.
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How do our memories last a lifetime? New study offers a biological explanation | ScienceDaily
Whether it's a first-time visit to a zoo or when we learned to ride a bicycle, we have memories from our childhoods kept well into adult years. But what explains how these memories last nearly an entire lifetime?


						
A new study in the journal Science Advances, conducted by a team of international researchers, has uncovered a biological explanation for long-term memories. It centers on the discovery of the role of a molecule, KIBRA, that serves as a "glue" to other molecules, thereby solidifying memory formation.

"Previous efforts to understand how molecules store long-term memory focused on the individual actions of single molecules," explains Andre Fenton, a professor of neural science at New York University and one of the study's principal investigators. "Our study shows how they work together to ensure perpetual memory storage."

"A firmer understanding of how we keep our memories will help guide efforts to illuminate and address memory-related afflictions in the future," adds Todd Sacktor, a professor at SUNY Downstate Health Sciences University and one of the study's principal investigators.

It's been long-established that neurons store information in memory as the pattern of strong synapses and weak synapses, which determines the connectivity and function of neural networks. However, the molecules in synapses are unstable, continually moving around in the neurons, and wearing out and being replaced in hours to days, thereby raising the question: How, then, can memories be stable for years to decades?

In a study using laboratory mice, the scientists focused on the role of KIBRA, or kidney and brain expressed protein, the human genetic variants of which are associated with both good and poor memory. They focused on KIBRA's interactions with other molecules crucial to memory formation -- in this case, protein kinase Mzeta (PKMzeta). This enzyme is the most crucial molecule for strengthening normal mammalian synapses that is known, but it degrades after a few days.

Their experiments reveal that KIBRA is the "missing link" in long-term memories, serving as a "persistent synaptic tag," or glue, that sticks to strong synapses and to PKMzeta while also avoiding weak synapses.




"During memory formation the synapses involved in the formation are activated -- and KIBRA is selectively positioned in these synapses," explains Sacktor, a professor of physiology, pharmacology, anesthesiology, and neurology at SUNY Downstate. "PKMzeta then attaches to the KIBRA-synaptic-tag and keeps those synapses strong. This allows the synapses to stick to newly made KIBRA, attracting more newly made PKMzeta."

More specifically, their experiments in the Science Advances paper show that breaking the KIBRA-PKMzeta bond erases old memory. Previous work had shown that randomly increasing PKMzeta in the brain enhances weak or faded memories, which was mysterious because it should have done the opposite by acting at random locations, but the persistent synaptic tagging by KIBRA explains why the additional PKMzeta was memory enhancing, by only acting at the KIBRA tagged sites.

"The persistent synaptic tagging mechanism for the first time explains these results that are clinically relevant to neurological and psychiatric disorders of memory," observes Fenton, who is also on the faculty at NYU Langone Medical Center's Neuroscience Institute.

The paper's authors note that the research affirms a concept introduced in 1984 by Francis Crick. Sacktor and Fenton point out that his proposed hypothesis to explain the brain's role in memory storage despite constant cellular and molecular changes is a Theseus's Ship mechanism -- borrowed from a philosophical argument stemming from Greek mythology in which new planks replace old ones to maintain Theseus's Ship for years.

"The persistent synaptic tagging mechanism we found is analogous to how new planks replace old planks to maintain Theseus's Ship for generations, and allows memories to last for years even as the proteins maintaining the memory are replaced," says Sacktor. "FrancisCrick intuited this Theseus's Ship mechanism, even predicting the role for a protein kinase. But it took 40 years to discover that the components are KIBRA and PKMzeta and to work out the mechanism of their interaction."

The study also included researchers from Canada's McGill University, Germany's University Hospital of Munster, and University of Texas Medical School at Houston.

This work was supported by grants from the National Institutes of Health (R37 MH057068, R01 MH115304, R01 NS105472, R01 MH132204, R01 NS108190), the Natural Sciences and Engineering Research Council of Canada Discovery (203523), and the Garry and Sarah S. Sklar Fund.
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Dancers are less neurotic | ScienceDaily
A study led by researchers at the Max Planck Institute for Empirical Aesthetics in Frankfurt am Main, Germany, has shown that both amateur and professional dancers are less neurotic than people who do not dance. They are also more agreeable, more open, and more extraverted. But genre of dance matters.


						
"Tell me if you dance and I will tell you who you are!" A study led by researchers at the Max Planck Institute for Empirical Aesthetics (MPIEA) in Frankfurt am Main, Germany, has shown that both amateur and professional dancers are less neurotic than people who do not dance. They are also more agreeable, more open, and more extraverted. The results of the study have recently been published in the journal Personality and Individual Differences.

In cooperation with Matthias Blattmann, CEO of Gutmann Dance School in Freiburg im Breisgau and Tanzloft GmbH, and Luisa Sancho-Escanero, dance director at the Pfalztheater Kaiserslautern, the MPIEA's researchers analyzed data from 5,435 people from Sweden and 574 people from Germany, with regards to their Big Five Personality Traits "Openness,""Conscientiousness,""Extraversion,""Agreeableness," and "Neuroticism."

"What is unique about this work is that we have brought together very large samples from two different countries. Such data are generally scarce, and previous studies have often been based on rather small samples," explains senior author Fredrik Ullen, Director at the MPIEA.

In Sweden, the research team was able to rely on an existing database that included data about peoples' creative engagement and dance achievements. To collect dancer data in Germany, the researchers developed an online survey that was widely shared by dance institutions.

Previous research has found that musicians are more agreeable and more open to others than non-musicians. In the current study, this was also confirmed for dancers. But the researchers also found an interesting difference between the two groups: In comparison to musicians, dancers are not more neurotic, but -- on the contrary -- less neurotic than people who do not dance.

"In general, both dancers and singers show a high degree of extraversion in their personality -- which may be due to the fact that their means of expression when dancing and singing is their body -- and this is a very socially exposed situation, more than if you express through an instrument, for example. However, more in-depth investigations are needed to explore this further," says lead author Julia F. Christensen of the MPIEA.

There was also some evidence of personality differences between dancers of different styles. Swing dancers, for example, seemed to be even less neurotic than Latin and Standard dancers. However, this needs to be confirmed with larger samples of dancers. In the future, the researchers hope to extend their research into dancers' personalities to many other cultures and dance styles.
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Changing the game for sports emergency action plans | ScienceDaily
A national position statement on emergency action plan development and implementation in sports from a West Virginia University athletic training researcher sets in motion new priorities for responding to catastrophic injuries. The recommendations apply to sports through all levels, from youth to high school to collegiate and professional leagues.


						
"The ultimate goal of this position statement is to reduce unnecessary deaths from sport participation. We want this document to save more lives," said Samantha Scarneo-Miller, assistant professor and program director for the Master of Science in Athletic Training program in the WVU School of Medicine, who is lead author for the position statement.

Scarneo-Miller was tapped by the National Athletic Trainers' Association, NATA, to update the organization's 22-year-old document. The position statement is revised to recommend designating an emergency action plan coordinator who collaborates with other athletic staff, enhancing venue-specific plans to include variables for each sport and comprehensive documentation of incidents.

The leading causes of catastrophic injury in sports are cardiac arrest, exertional heat stroke, traumatic head injury and cervical spine injury.

Published in the National Athletic Trainers' Association Journal of Athletic Training, the position statement provides a framework for emergency action plan development and implementation. This includes recommendations for the preparations and on-site emergency response of health care professionals and other stakeholders to catastrophic or potentially catastrophic injuries in a pre-hospital setting.

The position statement includes several updates and recommendations. Instead of a one-size-fits-all approach, it offers general guidelines that teams can tailor to their specific settings and best use of resources.

Among those is the integration of a pre-event medical meeting, an informational session previously termed "medical timeout" that will occur before a competition and provide details on emergency procedures and signals, and equipment locations.




Expanding on previous guidelines focusing on venue-specific emergency action plans, the new document suggests incorporating the distinct needs of various sports in relation to the skills of assigned personnel and any changes in facilities, such as new construction.

"Having a plan for just the facility isn't good enough anymore," Scarneo-Miller said. "One facility might be used by different teams with different personnel. We need a sport- and venue-specific emergency action plan because coaches and staff have their own unique skills they can contribute to the plan activation."

The importance of designating an emergency action plan coordinator is also emphasized, suggesting that the duty be shifted solely from athletic trainers to include collaboration with the whole athletic staff. The outcome would result in a plan that is more effective in development and implementation.

"The position statement stresses the importance of having an EAP coordinator that is supported by an interdisciplinary health care team," Scarneo-Miller said. "The athletic trainer might be the one coordinating the plan, but they have coaches, administrators, physicians and athletes who need to be involved in reviewing and implementing the plan. We're really trying to emphasize to athletic trainers that they have so many other resources they may not be utilizing."

The systematic approach to the position statement focuses on evolving medical science and was formulated with input from professionals in a variety of fields, including sports medicine physicians and athletic trainers from multiple settings. It's the first position statement developed under NATA's new procedures, emphasizing an objective approach to author team selection, considering diversity in gender, race, location, specialty and setting.

"Previously, clinicians have not been authors on position statements as the documents have been highly focused on the newest research for clinicians to use," Scarneo-Miller said. "But the NATA is pushing hard to ensure clinicians voices are heard when developing these recommendations, since they are the ones who will be translating this document into clinical practice."

Scarneo-Miller stressed the importance of unveiling this new position statement. "We invite stakeholders and partners in embracing these essential recommendations, working together to create a culture of preparedness and safety that will protect and benefit our athletes."

Scarneo-Miller's presentation of the position statement was part of NATA's 75th Clinical Symposia and AT Expo June 25-28 in New Orleans.
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Light-weight microscope captures large-scale brain activity of mice on the move | ScienceDaily
As a mouse explores its environment, millions of neurons across the brain fire in sync. To study only a small subsection at a time would be to miss the forest for the trees, but powerful microscopes capable of capturing the entire mouse brain simultaneously are too heavy to mount on a moving mouse.


						
Now, a new study in Nature Biomedical Engineering presents an innovative solution to this problem: a microscope that weighs only as much as a US penny but can capture broad swaths of brain activity with unprecedented resolution. "The ability to observe the brain as mice engage in natural behaviors, such as social interactions and prey capture, will advance our understanding of how brain-wide distributed neuroactivity relates to naturalistic behavior," says Rockefeller's Alipasha Vaziri, who led the study.

Mouse-sized microscopy

Larger mammals can accommodate standard head-mounted microscopes, and even rats can support tech weighing about 20 grams, or eight US pennies. However, mice, which are the go-to model organisms for understanding the brain at work, are much smaller. Microscopes designed to fit them must weigh less than three grams.

"In recent years we've seen an explosion of head-mounted microscopes for mice, but they typically support only imaging fields of view of a few hundred micrometers at cellular resolution, since the involved design complexity for larger fields of view comes with an unsustainable weight penalty," Vaziri says. Existing models that are light enough for mice to carry invariably compromise the microscope's field of view, resolution, and depth range (or a combination thereof) and are prone to motion-induced artifacts.

Prior attempts to overcome this limitation were geared toward making whatever technology already existed weigh less--swapping out metal parts for plastic, for instance, while maintaining the basic optical design of microscopes (especially those capable of imaging increased fields of view) in which a heavy lens forms a major part of the weight. Vaziri addressed this challenge in what he calls "a principled approach". Instead of trying to make a complex system lens-based system weigh less, he clarified what the technology's goals really were: solving a high-resolution mapping problem between points in a 3D volume of the sample to points on the 2D surface of a camera. With that in mind, he set out to create a lightweight system that met those goals, without feeling constrained by the need to adapt on an image-preserving lens-based system.

"Everyone was using these multi-element heavy lenses, and trying to make them lighter," Vaziri says. " Instead of asking how to make lenses lighter, we solved an inverse problem and circumvented the issue, by developing an essentially lens-less strategy and freeing ourselves from the unnecessary constraints of lens-based image formation."

New thinking = new approach




Enter diffractive optical elements (DOEs). Unlike conventional lenses, which have a continuously curved surface to generate a spherical curvature of the wave front, DOEs use microstructures to manipulate light through diffraction, allowing for precise control of light waves. They are compact, lightweight, and effective. In microscopy, a traditional lens's function is to map the points in space on an object onto an image plane (like a camera sensor), ensuring that the image formed resembles the actual scene. However as one tries to form an image of larger and larger field of views while maintaining the resolution, the errors (optical aberrations) caused by a single lens necessitate more lens elements, resulting in a compound lens design.

Using DOEs, the Vaziri lab demonstrated that it is possible to map the positions between the scene and the sensor accurately without forming an image, and then use computational methods to reconstruct the original scene.

Without a hefty compound lens to weigh it down, the mini microscope weighs only 2.5 grams, and provides imaging that can capture broad sections of the mouse brain across a 3.6 x 3.6 mm2 field of view with 4 mm lateral resolution, 300 mm depth of field, and recording speed of 16 volumes per second. And most of its parts can be 3D printed, or make use of inexpensive, consumer-grade cell phone camera sensors. "If labs are interested, they could easily build these microscopes at low cost," Vaziri says.

Future iterations of the mini microscope may include wireless data transmission--the current model comes with cables that won't get in the way of a single mouse but could easily get tangled while observing multiple mice interacting with one another--and a fine-tuning of the tech to allow the observation of areas of the brain located deeper within the cortex.

"The system comes with some sacrifices, and is not nearly as high-performance as larger microscopes," Vaziri says. "But this is a key innovation, and one that could only have come from bringing fresh thinking to the problem and freeing oneself from perceived constraints."
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Zebrafish reveal how bioelectricity shapes muscle development | ScienceDaily
A question left unanswered in a biologist's lab notebook for 40 years has finally been explained, thanks to a little fish that couldn't wriggle its tail.


						
New research from the University of Oregon describes how nerve cells and muscle cells communicate through electrical signals during development -- a phenomenon known as bioelectricity.

The communication, which takes place via specialized channels between cells, is vital for proper development and behavior. The study identifies specific genes that control the process, and pins down what happens when it goes wrong.

The finding offers clues to the genetic origins of muscle disorders in humans, and taps into longstanding questions in developmental biology.

"This is something many of us have wondered about for many, many years -- and now we've figured it out!" said Judith Eisen, the UO neuroscientist who, in the 1980s, spotted a communication pattern between zebrafish muscle cells that she couldn't explain.

Eisen and her colleagues report their findings in a paper published June 26 in Current Biology.

The work ties together three generations of UO neuroscientists and provides a lesson for all researchers: keep those lab notebooks. Eisen unearthed her original hardcover notebooks when moving into temporary lab space for a building renovation a few years ago. The sketches and shorthand notes she recorded in ink years ago are still relevant today.




A muscular mystery

In 1983, Eisen was a postdoctoral researcher in the lab of Monte Westerfield, just beginning her career at the UO. She was part of a small group of scientists working to establish zebrafish as a new model organism, hoping to use these small, shimmery fish to probe questions about the development of vertebrate animals.

Model organisms like mice, fruit flies and worms allow scientists to do experiments that aren't possible in humans, answering fundamental biological questions and providing guidance for more focused testing in humans.

Zebrafish were a promising addition to the scene. Zebrafish and humans share many genes, making the fish useful for testing the genetic underpinnings of human diseases and conditions. And because zebrafish embryos are transparent, scientists can watch development happen in real time under the microscope.

But at the time, everything about this system was new. Biologists had to figure out how to care for the fish in the lab and effectively use them in experiments.

One day, Eisen and Westerfield were using a yellow tracing dye to highlight individual nerve cells in the zebrafish, for observation under the microscope. The cells they wanted to reach could only be accessed by inserting a pipette filled with the glowing dye through the muscles. So some dye ended up mingling with the muscle cells, too.




Eisen and Westerfield were intrigued by the way the dye spread through the muscle cells. It spread cell-to-cell in a way that suggested that the cells were sharing messages directly -- via some physical connecting channel between them, rather than via longer-range chemical messengers.

This didn't fit the understanding of how adult muscle cells communicate with each other. But there was a dawning realization in the field that connections between muscle cells might be important during muscle development.

Eisen sketched out what she saw in her lab notebook, as did Westerfield. But there wasn't a good way to probe further, Eisen said. While scientists at the time knew these sorts of communication channels existed, they didn't know the genes that created them, or have the tools to ask what they were doing. So it was a dead end.

Eisen moved onto other questions, making major contributions to the field of developmental biology over the course of her career. This April, she was inducted into the National Academy of Sciences.

Over the last 40 years, Eisen and her UO colleagues, alongside scientists around the world, have continued to develop the zebrafish as a model organism. The advance of genetic technologies has made this little fish an even more powerful ally for understanding biology.

A fish that couldn't swim

A few years ago, Eisen's observation resurfaced in the lab of another UO neuroscientist, Adam Miller.

Miller was recruited to the University of Oregon by Eisen and colleagues to build a research group focused on electrical communication between cells. His lab studies how neural circuits build connections and create behavior. One area of focus is gap junctions, physical channels that allow electrical signals to move directly between cells. These communication pathways are particularly important during early development, as the body's many systems are getting set up and organized.

Zebrafish are the perfect species to study electrical communication. Thanks to their transparent embryos, "we can image electricity flowing through cells in real time," said Rachel Lukowicz-Bedford, a postdoc in Miller's lab.

While hunting for zebrafish with different gap junction mutations, Lukowicz-Bedford made an intriguing find: a zebrafish that couldn't move its tail properly. Usually, a zebrafish embryo will flop around and spontaneously flick its tail, but these fish didn't do that.

As they did experiments to figure out why, the team realized this fish might be a possible link back to Eisen's observation in muscle cells in the 1980s.

In healthy zebrafish, researchers can watch the electrical signals propagate through the gap junctions between muscle cells, like a plume of food dye diffusing into a cup of water. In fish with this mutation, the signals don't flow. The mutation was impairing electrical communication between the cells via the gap junctions.

And that communication breakdown led to improper muscular development, the team showed. In an ordinary healthy zebrafish, the muscle fibers are straight and orderly. In this zebrafish with this mutation, the muscle fibers are crinkly and wavy, like crepe paper streamers.

The researchers pinned the change on a mutation in a specific gene. Through a series of experiments, they showed that this gene, when functioning normally, makes the gap junction channels between muscle cells that allow the nervous system to coordinate the activity of early developing muscle. And without appropriate electrical signaling at the right time during development, the muscle fibers can't organize properly, causing crinkly muscle fibers and severe muscle defects.

"We figured out that this gap junction channel is a conduit -- it allows electricity from the nerve cells to be sent out to muscle fibers," Lukowicz-Bedford said.

The finding answers Eisen's decades-old question, sketched out in a lab notebook that she still has: The yellow dye was moving between muscle cells because of these specific communication channels.

More than a curiosity, though, the findings can help inform scientists' understanding of muscle development in humans. In disorders where muscles don't develop properly, faulty gap junction channels might be one cause, a link that was previously unknown.

"The gene we studied in this paper is not a weird zebrafish gene; it's also found in humans," Lukowicz-Bedford said. "By using zebrafish, we can go after this gene with basically unknown function in humans, and be able to understand what it's doing in context. We've been able to uncover the function of a gene that's been really elusive."

The research also illustrates that electrical signaling between different systems is critical for development. Similar communication is probably at play in the development of other body systems, too, the researchers suggest -- it's likely not specific just to muscles.

"The transfer of bioelectricity from one organ system to another is critical for development and adult function," Miller said. "Finding the genes that allow this to occur, understanding how they work, and exactly what goes wrong when communication is disrupted, will provide new insight into human disease."
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'A hearty debate' concludes plant-based meat alternatives are healthier for your heart than meat | ScienceDaily
Even though there is substantial variability in the contents and nutritional profiles of plant-based meat alternatives (PBMAs), the nutritional profiles tend to reflect a heart-healthy dietary pattern. A review article appearing in the Canadian Journal of Cardiology, published by Elsevier, of the available studies directly comparing the impact of plant-based and animal-based meats consistently suggests that the plant-based alternatives improve cardiovascular risk factors.


						
PBMAs are highly processed plant-based food products that typically replace meat in the diet. In Canada, the growing demand for PBMAs coincides with public health recommendations to reduce ultra-processed food consumption, which prompts the need to investigate the long-term health implications of PBMAs.

Lead author Matthew Nagra, ND, Vancouver, BC, Canada, says, "While the plant-based meat market has experienced significant growth in recent years and more and more Canadians are enjoying plant-based burgers, surprisingly little is known about how these meat alternatives may impact health and in particular cardiovascular disease risk. Thus, we sought to review the available literature on the topic to identify what is currently known and to provide direction for future research."

The authors of the article reviewed the research published from 1970 to 2023 on PBMAs, their contents, nutritional profiles, and impact on cardiovascular disease risk factors, such as cholesterol levels and blood pressure. Their analysis shows:
    	There is substantial variability in the contents and nutritional profiles of PBMAs.
    	On average, PBMAs tend to have a more heart-healthy nutritional profile than meat, although the high sodium content of some products may be of concern.
    	PBMAs have been shown to improve some cardiovascular risk factors, including cholesterol levels, in several randomized controlled trials.
    	PBMAs have not been shown to raise blood pressure, despite the high sodium content of some products.
    	There is currently a lack of long-term research evaluating how these alternatives may affect the risk of developing a heart attack or stroke.
    	There is currently little research on the healthfulness of some common components of PBMAs, such as vital wheat gluten (seitan).

The authors of the review article were surprised to find that there is a near complete lack of research on vital wheat gluten, which is the primary protein source incorporated into many popular PBMAs, and cardiovascular risk factors.

Dr. Nagra continues, "Further, the lack of research on cardiovascular outcomes as of 2023 is shocking, given that there are randomized controlled trials evaluating risk factors dating back to 1990. More detailed research is needed in light of the increasing consumption of PBMAs and our lack of knowledge of how these products impact risk."

In an accompanying editorial, J. David Spence, CM, MD, FRCPC, FAHA, Professor Emeritus of Neurology & Clinical Pharmacology, Western University, and Director, Stroke Prevention & Atherosclerosis Research Centre, Robarts Research Institute, London, ON, Canada, notes, "In an excellent review of PBMAs, Nagra et al. focus on reduction of cardiovascular risk factors, and the effects of various individual dietary factors on cardiovascular risk."

However, Professor Spence points out that, "What really matters is not the effect of individual components of a diet, nor the effect of diet on cardiovascular risk factors; it is the effect of diet on the actual risk of cardiovascular events such as myocardial infarction and stroke. Most physicians markedly underestimate the cardiovascular benefit of diet and place far too little emphasis on diet in the management of patients at high risk of cardiovascular events."

Senior author of the review article Ehud Ur, MB, FRCPC, Professor, Division of Endocrinology & Metabolism, University of British Columbia, Vancouver, BC, Canada, concludes, "For those looking to reduce their meat intake, especially if it's red meat, replacing that with PBMAs is likely a heart-healthy choice. For those who already limit their meat intake, PBMAs can be incorporated into a healthy dietary pattern as an excellent protein source; however, it may be beneficial to choose options that are lower in saturated fat and sodium if consuming them regularly."

Finally, Dr. Spence adds a note of caution regarding the dietary implications of egg consumption, saying, "Persons at risk of cardiovascular disease should limit meat intake and avoid egg yolk, so plant-based meat substitutes and egg substitutes are helpful to patients wishing to reduce their cardiovascular risk. Their effect on reducing actual cardiovascular risk is undoubtedly much greater than their effect on cardiovascular risk factors."
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Adolescents today are more satisfied with being single | ScienceDaily
Young people aged 14 to 20 years are nowadays more satisfied with being single than their counterparts ten years ago. This is the conclusion of a study undertaken by the Institute of Psychology at Johannes Gutenberg University Mainz (JGU). "It seems that today's adolescents are less inclined to pursue a romantic relationship. This could well be the reason for the increased singlehood satisfaction," said psychologist Dr. Tita Gonzalez Aviles, lead author of the recent study. Growing numbers of people are living as singles; in other words, they are not in a committed relationship. It has been unclear to date whether this trend towards increased singlehood has also been accompanied by a higher level of satisfaction with this status.


						
Comparison between singles today and singles ten years ago

Throughout the world, marriage rates have been declining over past decades, while divorce rates and the proportions of single-person households have been on the rise. "It is notable that, particularly in Western industrialized countries, singlehood is no longer unconventional and now considered more socially acceptable than in the past," stated Dr. Tita Gonzalez Aviles from the JGU Institute of Psychology. She analyzed data from the representative longitudinal Panel Analysis of Intimate Relationships and Family Dynamics (pairfam), which has been surveying the nature of romantic relationship and family dynamics in Germany since 2008. The most recent study is based on the information provided by 2,936 participants in different birth cohorts. The gathered material related to two separate time periods, namely 2008 to 2011 and 2018 to 2021. This allowed the researchers to differentiate between the satisfaction of earlier-born and later-born singles during adolescence (14-20 years), emerging adulthood (24-30 years), and established adulthood (34-40 years).

"Although we know that singlehood is gaining ground, we have not yet determined whether individuals are now more satisfied with this way of life," added Gonzalez Aviles, explaining the purpose of the study. Their findings, which have recently appeared in the Personality and Social Psychology Bulletin, indicate that adolescent singles born in 2001 to 2003 were more often single and more satisfied with singlehood than the birth cohort born ten years. Furthermore, there were no cohort-related differences among emerging adults aged 24 to 30 years and established adults aged 34 to 40.

Multiple factors explain the higher satisfaction among adolescents

Although the difference in satisfaction between today and ten years ago is not very large, even among adolescents, it stands out from the historical developments among adults. Gonzalez Aviles and her co-authors postulate that this may be due to the fact that living as a single has become increasingly normative over time, especially among the younger generation. Furthermore, their attitudes towards romantic conventions have changed and they are more open to diverse relationship types. "We assume that adolescents nowadays may postpone entering into a stable relationship because they value their personal autonomy and individual fulfillment over a romantic partnership. However, these explanations are -- for the time being -- speculative and require further investigation," concluded Gonzalez Aviles.
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How uncertainty builds anxiety | ScienceDaily
Alfred Hitchcock observed that "There is no terror in the bang, only in the anticipation of it." A common way to build suspense in a movie scene is for the audience to know something bad is going to happen, but not when it is going to happen. But how does uncertainty work to ratchet up our anxiety? In a recent paper in the journal Computational Psychiatry, researchers at the University of California, Davis, Department of Psychology take a deeper look into what builds fear.


						
Not knowing when something will happen can cause anxiety, but until now we didn't have any idea why, said Drew Fox, associate professor of psychology at UC Davis. The first step in addressing this problem is being more precise about how we define 'uncertainty', he said.

Fox and graduate student Dan Holley realized that when you are anticipating that a bad thing is going to happen, depending on how the scenario is set up, there can be big differences in the perception of hazard at different times, even if the probability of the bad thing happening is the same.

For example, if there is a ten second countdown to an electric shock, the hazard rate is low until the countdown ends. But if the shock could occur at any time in those ten seconds, the hazard rate should go up, they calculated.

"If you know something is going to happen, as time goes on the hazard rate goes up because you know it didn't happen earlier," Fox said. "The hazard rate is always going to be higher if you don't know when it is going to happen."

Hazard rate rising over time

Holley and Fox, working with Professor Erie Boorman and graduate student Erica Varga, set up an experiment to test their idea. Volunteers received a small cash incentive (one cent per second) to stay in a virtual environment but could also get a mild electric shock at some point unless they opted to leave first.




They found that as expected, the hazard rate rather than the actual probability of getting a shock drives anxiety.

"At each experimental time point, the threat hazard rate mapped almost perfectly to our participants' behavior, whereas the momentary threat probabilities had no predictive value whatsoever," Holley said. The volunteers also reported feeling significantly more anxious in the higher hazard rate environment.

Our brains have likely evolved to track rising hazard rates, Holley said.

"Imagine a gazelle on the Serengeti," he said. "As a matter of survival, it could keep its head down and graze a little longer, but the tradeoff is that it's a bit more likely to be attacked by a lion."

The longer the gazelle grazes, the more the hazard rate increases.

"Something in its mind must be tracking the hazard rate and guiding its behavior accordingly," Holley said.

By breaking down the concept of 'uncertainty' in anxiety-inducing situations, the researchers hope to get a better understanding of the mechanisms behind fear and anxiety, including ways to treat the millions of people who suffer from extreme anxiety disorders.

The work was supported in part by grants from the National Institutes of Health.
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Conversation Is Changing: Why people speak more alike today | ScienceDaily
People from the corporate world and higher education sectors are increasingly adopting each other's speech patterns to be more socially inclusive, according to new research published today by Lancaster University.


						
We may not always notice it, but we frequently imitate each other in conversation, using similar gestures, accents, and facial expressions. We also often re-use the words of the people we speak with.

Over time, this form of engagement, known as resonance, has increased mostly among people in higher social grades, including people in leading managerial positions in the corporate world, doctors, university lecturers and politicians, researchers have found.

The study, led by Dr Vittorio Tantucci, a Senior Lecturer in Linguistics at Lancaster University, showed that over a 20-year period people from these sectors changed their behaviour -- resonating with one another significantly more than they used to and gearing towards a more engaging style. We talk like others to be more inclusive and 'resonate' with them.

This might, suggest the researchers, be due to the dramatic change in corporate communication and higher education in the 2000s, involving an institutional turn towards corporate social responsibility (CSR), and ideologies such as Equality, Diversity, and Inclusion (EDI).

"This plausibly affected not only the system of values of those communities but also their interactional behaviour, now increasingly geared towards overt acknowledgement of other people 's talk," said Dr Tantucci. "This increase is not found in workplaces where these ideologies are not institutionalised and routinely encouraged."

The paper, 'British conversation is changing: Resonance and engagement in the BNC1994 and the BNC2014', is published in the Applied Linguistics Journal today (June 25).




Researchers made the discovery after analysing 'resonance' in natural and spontaneous conversations among British speakers in demographically sampled spoken sections of the British National Corpora BNC 1994 and the BNC 2014.

More than 1600 British English conversations were examined for the study.

The corpora are multi-million-word datasets of contemporary spoken British English developed at Lancaster University and the most recent/up-to-date data of its kind.

This paper centres on how interaction among certain classes of British speakers changed between 1994 and 2014.

Resonance is an important indicator of social inclusion because it shows, on a large scale, that what is said by the other speaker is treated relevant for the continuation of the ongoing conversation: when we resonate with someone, we make them feel 'heard', a way to show that what they say is important to us.

It also found:
    	A significant change in the way British people structurally interact with one another and how this is reflected in different social groups.
    	British interaction appears to be geared towards an increasingly engaging style.
    	A consistent absence of resonance indicates 'interactional detachment' and a marked lack of engagement (this is distinctive in Autism speech).
    	Social grades involving manual labour and communities excluded from CSR and higher education ideologies did not show a significant increase in how they resonate with the language of their peers.
    	People tend to engage with their peers especially when they (re)use their language and make it relevant for the continuation of the interaction.

"When words and expressions are creatively re-used in conversation, speakers are more engaged with each other's speech, showing a more inclusive stance towards what has just been said by the other party," explains Dr Tantucci, who worked on the research with Dr Aiqing Wang, from the University of Liverpool.




"They make the other person's speech sound 'more important', just like a 'real-time citation'. This phenomenon -- resonance -- has become more prominent across higher social grades of British Society than in lower ones.

"This shows a significant change in how British people interact with one another and how this is reflected in different social classes."

Dr Tantucci gives this example.

"If someone says to you 'February was our busiest month this year' and you respond with 'Definitely' the conversation isn't very engaging at all. There is no 'resonance' with the initial comment.

"If, instead, you responded with something like 'It was the busiest -- even more hectic than January' you would show interest in what the speaker actually said.

"You would re-use the words 'was' and 'busiest,' you would replace 'February' with' January', and, again, 'busiest with 'more hectic'.

"That would be perceived as a stronger effort to show that what they said was 'important' to you.

"This kind of linguistic effort is more distinctive of higher social classes today in Britain, especially ones that belong to the corporate and higher education sectors."
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Your future medications could be personalized for you on a 3D printer | ScienceDaily
Chocolate-flavored pills for children who hate taking medicine.


						
Several drugs combined into one daily pill for seniors who have trouble remembering to take their medications.

Drugs printed at your local pharmacy at personalized dosages that best suit your health needs.

These are just a few potential advantages of 3D drug printing, a new system for manufacturing drugs and treatments on-site at pharmacies, health care facilities and other remote locations.

In 2015, the Food and Drug Administration approved the first 3D-printed drug, Spritam (levetiracetam), for epilepsy. Several other manufacturers and drug companies are developing their own ones.

But the widespread adoption of 3D drug printing will require stringent quality control measures to ensure that people get the right medication and dosage. Even a tiny mismeasurement of a drug's ingredient during the printing process could endanger a patient's health.

In a new research paper, NIST research scientist Thomas P. Forbes assesses various approaches to ensuring that 3D drug printers work as designed. The journal article applies a "quality by design" analysis to evaluate the best procedures and protocols to ensure that 3D printers produce drugs at the correct dosages and with the correct mix of chemicals.

Though various methods exist for remotely printing drugs, Forbes focused on one of the most common: inkjet printers and similar systems that can print personalized medication on demand.

Like inkjet printers in homes, though larger, the printer has nozzles that deposit the drug's liquified materials, or inks, into tiny wells on a tray or directly into capsules. Through freeze-drying and other processes, the liquid can be turned into a tablet or powder poured into a capsule. It can also be evaporated onto a thin film that dissolves in the mouth.

Forbes' paper does not make any recommendations. Instead, his research identifies and tests several possible methods and techniques for maintaining quality control in 3D drug printing.
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Next platform for brain-inspired computing | ScienceDaily
Computers have come so far in terms of their power and potential, rivaling and even eclipsing human brains in their ability to store and crunch data, make predictions and communicate. But there is one domain where human brains continue to dominate: energy efficiency.


						
"The most efficient computers are still approximately four orders of magnitude -- that's 10,000 times -- higher in energy requirements compared to the human brain for specific tasks such as image processing and recognition, although they outperform the brain in tasks like mathematical calculations," said UC Santa Barbara electrical and computer engineering Professor Kaustav Banerjee, a world expert in the realm of nanoelectronics. "Making computers more energy efficient is crucial because the worldwide energy consumption by on-chip electronics stands at #4 in the global rankings of nation-wise energy consumption, and it is increasing exponentially each year, fueled by applications such as artificial intelligence." Additionally, he said, the problem of energy inefficient computing is particularly pressing in the context of global warming, "highlighting the urgent need to develop more energy-efficient computing technologies."

Neuromorphic (NM) computing has emerged as a promising way to bridge the energy efficiency gap. By mimicking the structure and operations of the human brain, where processing occurs in parallel across an array of low power-consuming neurons, it may be possible to approach brain-like energy efficiency. In a paper published in thejournal Nature Communications, Banerjee and co-workers Arnab Pal, Zichun Chai, Junkai Jiang and Wei Cao, in collaboration with researchers Vivek De and Mike Davies from Intel Labs propose such an ultra-energy efficient platform, using 2D transition metal dichalcogenide (TMD)-based tunnel-field-effect transistors (TFETs). Their platform, the researchers say, can bring the energy requirements to within two orders of magnitude (about 100 times) with respect to the human brain.

Leakage currents and subthreshold swing

The concept of neuromorphic computing has been around for decades, though the research around it has intensified only relatively recently. Advances in circuitry that enable smaller, denser arrays of transistors, and therefore more processing and functionality for less power consumption are just scratching the surface of what can be done to enable brain-inspired computing. Add to that an appetite generated by its many potential applications, such as AI and the Internet-of-Things, and it's clear that expanding the options for a hardware platform for neuromorphic computing must be addressed in order to move forward.

Enter the team's 2D tunnel-transistors. Emerging out of Banerjee's longstandingresearch efforts to develop high-performance, low-power consumption transistors to meet the growing hunger for processing without a matching increase in power requirement, these atomically thin, nanoscale transistors are responsive at low voltages, and as the foundation of the researchers' NM platform, can mimic the highly energy efficient operations of the human brain. In addition to lower off-state currents, the 2D TFETs also have a low subthreshold swing (SS), a parameter that describes how effectively a transistor can switch from off to on. According to Banerjee, a lower SS means a lower operating voltage, and faster and more efficient switching.

"Neuromorphic computing architectures are designed to operate with very sparse firing circuits," said lead author Arnab Pal, "meaning they mimic how neurons in the brain fire only when necessary." In contrast to the more conventional von Neumann architecture of today's computers, in which data is processed sequentially, memory and processing components are separated and which continuously draw power throughout the entire operation, an event-driven system such as a NM computer fires up only when there is input to process, and memory and processing are distributed across an array of transistors. Companies like Intel and IBM have developed brain-inspired platforms, deploying billions of interconnected transistors and generating significant energy savings.




However, there's still room for energy efficiency improvement, according to the researchers.

"In these systems, most of the energy is lost through leakage currents when the transistors are off, rather than during their active state," Banerjee explained. A ubiquitous phenomenon in the world of electronics, leakage currents are small amounts of electricity that flow through a circuit even when it is in the off state (but still connected to power). According to the paper, current NM chips use traditional metal-oxide-semiconductor field-effect transistors (MOSFETs) which have a high on-state current, but also high off-state leakage. "Since the power efficiency of these chips is constrained by the off-state leakage, our approach -- using tunneling transistors with much lower off-state current -- can greatly improve power efficiency," Banerjee said.

When integrated into a neuromorphic circuit, which emulates the firing and reset of neurons, the TFETs proved themselves more energy efficient than state-of-the-art MOSFETs, particularly the FinFETs (a MOSFET design that incorporates vertical "fins" as a way to provide better control of switching and leakage). TFETs are still in the experimental stage, however the performance and energy efficiency of neuromorphic circuits based on them makes them a promising candidate for the next generation of brain-inspired computing.

According to co-authors Vivek De (Intel Fellow) and Mike Davies (Director of Intel's Neuromorphic Computing Lab), "Once realized, this platform can bring the energy consumption in chips to within two orders of magnitude with respect to the human brain -- not accounting for the interface circuitry and memory storage elements. This represents a significant improvement from what is achievable today."

Eventually, one can realize three-dimensional versions of these 2D-TFET based neuromorphic circuits to provide even closer emulation of the human brain, added Banerjee, widely recognized as one of the key visionaries behind 3D integrated circuits that are now witnessing wide scale commercial proliferation.
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Moving objects precisely with sound | ScienceDaily
In 2018, Arthur Ashkin won the Nobel Prize in Physics for inventing optical tweezers: laser beams that can be used to manipulate microscopic particles. While useful for many biological applications, optical tweezers require extremely controlled, static conditions to work properly.


						
"Optical tweezers work by creating a light 'hotspot' to trap particles, like a ball falling into a hole. But if there are other objects in the vicinity, this hole is difficult to create and move around," says Romain Fleury, head of the Laboratory of Wave Engineering in EPFL's School of Engineering.

Fleury and postdoctoral researchers Bakhtiyar Orazbayev and Matthieu Mallejac have spent the last four years trying to move objects in uncontrolled, dynamic environments using soundwaves. In fact, the team's method -- wave momentum shaping -- is entirely indifferent to an object's environment or even its physical properties. All the information that's required is the object's position, and the soundwaves do the rest.

"In our experiments, instead of trapping objects, we gently pushed them around, as you might guide a puck with a hockey stick," Fleury explains.

The unconventional method, funded by the Swiss National Science Foundation (SNSF) Spark program, has been published in Nature Physics in collaboration with researchers from the University of Bordeaux in France, Nazarbayev University in Kazakhstan, and the Vienna University of Technology in Austria.

Very simple, very promising

If soundwaves are the hockey stick in Fleury's analogy, then a floating object like a ping-pong ball is the puck. In the lab's experiments, the ball was floating on the surface of a large tank of water, and its position was captured by an overhead camera. Audible soundwaves emitted from a speaker array at either end of the tank directed the ball along a pre-determined path, while a second array of microphones 'listened' to the feedback, called a scattering matrix, as it bounced off of the moving ball. This scattering matrix, combined with the camera's positional data, allowed the researchers to calculate in real time the optimal momentum of the soundwaves as they nudged the ball along its path.




"The method is rooted in momentum conservation, which makes it extremely simple and general, and that's why it's so promising," Fleury says.

He adds that wave momentum shaping is inspired by the optical technique of wavefront shaping, which is used to focus scattered light, but this is the first application of the concept to moving an object. What's more, the team's method is not limited to moving spherical objects along a path: they also used it to control rotations, and to move more complex floaters like an origami lotus.

Mimicking conditions inside the body 

Once the scientists succeeded in guiding a ping-pong ball, they performed additional experiments with both stationary and moving obstacles designed to add inhomogeneity to the system. Successfully navigating the ball around these scattering objects demonstrated that wave momentum shaping could perform well even in dynamic, uncontrolled environments like a human body. Fleury adds that sound is a particularly promising tool for biomedical applications, as it is harmless and noninvasive.

"Some drug delivery methods already use soundwaves to release encapsulated drugs, so this technique is especially attractive for pushing a drug directly toward tumor cells, for example."

The method could also be a game-changer for biological analysis or tissue engineering applications where manipulating cells by touching them would cause damage or contamination. Fleury also sees 3D printing applications for wave momentum shaping, for example to arrange microscopic particles before solidifying them into an object.

Ultimately, the researchers believe their method could also work using light, but their next goal is to take their sound-based experiments from the macro- to micro-scale. They have already received SNSF funding to do experiments under a microscope, using ultrasonic waves to move cells around.
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Study finds better survival rates for recipients of lung from hospital-based donor care units compared to independent donor care units | ScienceDaily
new study by Penn researchers examined, forthe first time, the differences in lung transplant graft outcomes from organs recovered from the two types of deceased organ donor care facilities operating in the United States. The research, published today in JAMA Network Open, offers insights that could improve the organ donation and transplantation process for patients across the nation.


						
In the U.S., deceased organ donors are traditionally cared for in hospitals, which provide intensive care and testing needed to rehabilitate organs, identify transplant recipients, and perform organ recovery surgeries. Over the past two decades, some donors have been transferred from hospitals to donor care units (DCUs), which provide similar services but focus solely on deceased donors. Two types of DCUs currently operate in the US: independent -- located outside of acute-care hospitals- and hospital-based.

Researchers analyzed lung donation rates and lung transplant survival outcomes from almost eleven thousand deceased donors who underwent organ recovery procedures between April 2017 and June 2022. The researchers hypothesized that lung transplant survival would not significantly differ between organs recovered from donors managed in these two types of units. However, the study showed that while independent donor centers generally saw higher donation rates, recipients of lungs from hospital-based DCUs had longer survival.

"These insights could drive improvements in organ donor management practices nationwide, ultimately enhancing the quality and availability of donated organs," said Emily Vail, MD, MSc, an assistant professor of Anesthesiology and Critical Care in the Perelman School of Medicine at the University of Pennsylvania and Senior Fellow at the Leonard Davis Institute of Health Economics, who led the study. The study underscores that the care system for deceased organ donors is evolving, with the potential to significantly improve organ quality and increase the number of available organs per donor.

Vail's research is particularly crucial given the fragile nature of lung tissue and the stringent criteria for lung donation. Only about 20% of deceased donors are eligible to donate lungs, making efficient and effective donor management practices vital.

The Gift of Life Donor Care Center at Penn Medicine, established in late 2022, is one of at least 15 hospital-based DCUs currently operating in the United States. Gift of Life transplant coordinators work with a multidisciplinary team of critical care physicians, nurses, respiratory therapists and pharmacists to provide specialized care for deceased organ donors diagnosed with brain death and authorized to donate organs, while providing support to their families. The Gift of Life Donor Care Center serves hospitals and donor families across the eastern half of Pennsylvania, southern New Jersey, and Delaware.

The research was funded by the Agency for Healthcare Research (5K12HS026372-05), the National Institutes of Health National Institutes of Diabetes, Digestive and Kidney Disease (R01-DK070869, K24AI146137), and the National Heart Lung and Blood Institute (K24HL115353).
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3D-printed chip sensor detects foodborne pathogens for safer products | ScienceDaily
Every so often, a food product is recalled because of some sort of contamination. For consumers of such products, a recall can trigger doubt in the safety and reliability of what they eat and drink. In many cases, a recall will come too late to keep some people from getting ill.


						
In spite of the food industry's efforts to fight pathogens, products are still contaminated and people still get sick. Much of the problem stems from the tools available to screen for harmful pathogens, which are often not effective enough at protecting the public.

In AIP Advances, by AIP Publishing, researchers from Guangdong University of Technology and Pudong New District People's Hospital developed a new method for detecting foodborne pathogens that is faster, cheaper, and more effective than existing methods. The researchers hope their technique can improve screening processes and keep contaminated food out of the hands of consumers.

Even with the best detection method, finding contaminating pathogens is not an easy task.

"Detecting these pathogens is challenging, due to their diverse nature and the various environments in which they can thrive," said author Silu Feng. "Additionally, low concentrations of pathogens in large food samples, the presence of similar non-pathogenic organisms, and the complex nature of different food types make accurate and rapid detection difficult."

Existing detection methods do exist, such as cell culture and DNA sequencing, but are challenging to employ at large scales. Not every batch of food can be thoroughly tested, so some contaminants inevitably slip through.

"Overall, these methods face limitations such as lengthy result times, the need for specialized equipment and trained personnel, and challenges in detecting multiple pathogens simultaneously, highlighting the need for improved detection techniques," said Feng.




The study's authors decided to take a different approach, designing a microfluidic chip that uses light to detect multiple types of pathogens simultaneously. Their chip is created using 3D printing, making it easy to fabricate in large amounts and modify to target specific pathogens.

The chip is split into four sections, each of which is tailored to detect a specific pathogen. If that pathogen is present in the sample, it will bind to a detection surface and change its optical properties. This arrangement let the researchers detect several common bacteria, such as E. coli, salmonella, listeria, and S. aureus, quickly and at very low concentrations.

"This method can quickly and effectively detect multiple different pathogens, and the detection results are easy to interpret, significantly improving detection efficiency," said Feng.

The team plans to continue developing their device to make it even more applicable for food screening.
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Empathetic children may have poorer health in the face of interparental conflict | ScienceDaily
Children who report being more empathetic are more likely to show signs of poorer health in the face of more interparental conflict than less empathetic children, according to a new study led by researchers in the Penn State College of Health and Human Development.


						
The study, led by Hannah Schreier, associate professor of biobehavioral health and co-funded faculty member in the Social Science Research Institute, was recently published in the journal Brain, Behavior, and Immunity.

"For children this age, 7 to 9 years old, the family home and parents are important, so observing conflict between the parents can be stressful," Schreier said. "And we now know that children may react negatively to perceived conflict from a physiological point of view."

The researchers used survey- and blood sample-derived data from home visits with 106 children between 7 and 9 years old and their parents participating in Family Foundations, an initiative led by co-author Mark Feinberg, research professor in the Edna Bennett Pierce Prevention Research Center (PRC), that evaluates the effectiveness of a perinatal coparenting intervention for first-time parents. Prior research from that on-going study shows that parents who took Family Foundations classes had more positive family relationships and experienced less conflict across the family, as well as between parents or children.

The surveys assessed both the children's perception of interparental conflict, including whether they felt threatened and whether they felt they were at fault when their parents fought. The children also self-reported on their empathy, including whether they felt sorry when other people were sad and whether they cared about the feelings of others. The parents provided ratings of overall child health on a scale from excellent to poor.

The researchers also analyzed C-reactive protein (CRP) and interleukin-6 (IL-6) levels in blood samples collected from the children. Increased levels of CRP and IL-6 indicate higher levels of chronic inflammation in the body.

Inflammation is a key aspect of the body's immune response. Acute, or short-term, inflammation is an important response to a specific injury and can help the body to heal. Chronic inflammation does not have a specific source or injury causing it. This chronic, background inflammation, which isn't necessarily concerning in the short-term, is related to long-term negative health effects when elevated over a long period of time. Prior research has linked chronic inflammation to cardiovascular disease risk, diabetes and certain types of cancer, among other things.




From these self-reported and biological measures, the researchers determined that children who reported being more empathetic had higher levels of CRP, which is suggestive of greater levels of chronic inflammation, and worse parent-reported overall health when perceiving more interparental conflict.

Critically, the researchers said more empathetic children did not report greater levels of conflict in the home. Additionally, children reported on regular, daily conflict that did not rise to the level of violence or domestic violence.

Schreier said it is particularly important to have these results for younger children, who had largely been omitted from previous research on possible physiological consequences of empathy and conflict. For this age group, the results also have implications that extend far beyond the household.

"These results raise interesting questions about children's home and school environments," she said. "Empathy is important, especially at this life stage, but it doesn't make sense to push more empathy teaching toward all kids. Some kids might need help understanding when it is okay to set boundaries and how to find a balance between being aware of how others feel, but not taking on every little thing that happens."

The result could impact future educational programs, as it highlights the importance of addressing individualized needs, Schreier said.

"The main message in our society is that empathy is good, and it's beneficial to us to be surrounded by people who are more empathetic," Schreier said. "But empathy can have positive and negative impacts. We don't talk a lot about what it means for the person who is more empathetic and what it is like taking on everyone else's emotions. Our work adds to a growing literature showing that being more empathetic may have adverse consequences on your health."

Jennifer Graham-Engeland, professor of biobehavioral health; Damon Jones, associate research professor in the PRC; and Aishwarya Ganguli and Caitlin Givens, graduate students in the Department of Biobehavioral Health, also contributed to this research.

The National Institutes of Health funded this research.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240625204923.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Should you eat more dietary fiber? New study says it depends | ScienceDaily
Nutritionists generally advise everyone to eat more dietary fiber, but a new Cornell University study suggests that its effects on health can vary from person to person. The findings indicate that recommendations should be tailored to each individual's gut microbiome.


						
The study, published in Gut Microbes, focused on resistant starch, a category of dietary fiber found in such foods as bread, cereals, green bananas, whole-grain pasta, brown rice and potatoes.

The researchers identified the gut microbe species that change in response to two different types of resistant starch. They found evidence that each individual may have a unique response to eating a resistant starch, with some people benefiting and others experiencing little or no effect. The reason appears tied to the level of diversity and composition of a person's gut microbiome.

"Precision nutrition definitely has a use in determining what dietary fiber we should tell people to eat," said Angela Poole, assistant professor of molecular nutrition and senior author of the study.

"This is critical because we've had public messaging advising people to eat more dietary fiber for decades," Poole said. "At the same time, less than 10% of people eat the recommended intake. Since there are many different types of dietary fiber and carbohydrates, a better strategy would be to collect data on each person and tell them which dietary fiber they can eat to get the most bang for their buck."

In the study, Poole and colleagues tested three dietary treatments on 59 participants over seven weeks.

The study was supported by the President's Council of Cornell Women and the National Institutes of Health.
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Rising health care prices are driving unemployment and job losses | ScienceDaily
Rising health care prices in the U.S. are leading employers outside the health care sector to reduce their payroll and decrease their number of employees, according to a new study co-authored by Yale economist Zack Cooper.


						
The study, published June 24 as a working paper by the National Bureau of Economic Research (NBER), found that when health care prices increased, non-health care employers responded by reducing their payroll and cutting the jobs of middle-class workers. For the average county, a 1% increase in health care prices would reduce aggregate income in the area by approximately $8 million annually.

The study was conducted by a team of leading economists from Yale, the University of Chicago, the University of Wisconsin-Madison, Harvard University, the U.S. Internal Revenue Service (IRS), and the U.S. Department of the Treasury.

"When health care prices go up, jobs outside the health care sector go down," said Cooper, an associate professor of health policy at the Yale School of Public Health and of economics in the Faculty of Arts and Sciences. "It's broadly understood that employer-sponsored health insurance creates a link between health care markets and labor markets. Our research shows that middle- and lower-income workers are shouldering rising health care prices, and in many cases, it's costing them their jobs. Bottom line: Rising health care costs are increasing economic inequality."

To better understand how rising health care prices affect labor market outcomes, the researchers brought together insurance claims data on approximately a third of adults with employer-sponsored insurance, health insurance premium data from the U.S. Department of Labor, and IRS data from every income tax return filed in the United States between 2008 and 2017. They then used these data to trace out how an increase in health care prices -- such as a $2,000 increase on a $20,000 hospital bill -- flows through to health spending, insurance premiums, employer payrolls, income and unemployment in counties, and the tax revenue collected by the federal government.

"Many think that it's insurers or employers who bear the burden of rising health care prices. We show that it's really the workers themselves who are impacted," said Zarek Brot-Goldberg, an assistant professor at the Harris School of Public Policy at the University of Chicago. "It's vital to understand that rising health care prices aren't just impacting patients. Rising prices are hurting the employment outcomes for workers who never went to the hospital."

For the new study, the authors used hospital mergers as a vehicle to assess the effect of price increases. From 2000 to 2020, there were over 1,000 hospital mergers among the approximately 5,000 U.S. hospitals. In past work, the authors found that approximately 20% of hospital mergers should have been expected to raise prices by lessening competition, according to merger guidelines from the Department of Justice and the Federal Trade Commission. These mergers, on average, raised prices by 5%.




"We can use our analysis to estimate the effect of hospital mergers," said Stuart Craig, an assistant professor at the University of Wisconsin-Madison Business School. "Our results show that a hospital merger that raised prices by 5% would result in $32 million in lost wages, 203 lost jobs, a $6.8 million reduction in federal tax revenue, and a death from suicide or overdose of a worker outside the health sector."

The study also showed that because rising health care prices leads firms to let go of workers, a knock-on effect of hospital mergers is that they lead to increases in government spending on unemployment insurance and reductions in the tax revenue collected by the federal government.

"It's vital to point out that hospital mergers raise spending by the federal government and lower tax revenue at the same time," said Cooper. "When prices in the U.S health sector rise, it's actually a net negative for the economy. It's leading to fewer jobs and precipitating all the consequences we associate with workers becoming unemployed."

Other authors of the study were Lev Klarnet from Harvard University, Ithai Lurie from U.S. Department of Treasury, and Corbin Miller from the U.S. Internal Revenue Service.
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Meet CARMEN, a robot that helps people with mild cognitive impairment | ScienceDaily
Meet CARMEN, short for Cognitively Assistive Robot for Motivation and Neurorehabilitation-a small, tabletop robot designed to help people with mild cognitive impairment (MCI) learn skills to improve memory, attention, and executive functioning at home.


						
Unlike other robots in this space, CARMEN was developed by the research team at the University of California San Diego in collaboration with clinicians, people with MCI, and their care partners. To the best of the researchers' knowledge, CARMEN is also the only robot that teaches compensatory cognitive strategies to help improve memory and executive function.

"We wanted to make sure we were providing meaningful and practical inventions," said Laurel Riek, a professor of computer science and emergency medicine at UC San Diego and the work's senior author.

MCI is an in-between stage between typical aging and dementia. It affects various areas of cognitive functioning, including memory, attention, and executive functioning. About 20% of individuals over 65 have the condition, with up to 15% transitioning to dementia each year. Existing pharmacological treatments have not been able to slow or prevent this evolution, but behavioral treatments can help.

Researchers programmed CARMEN to deliver a series of simple cognitive training exercises. For example, the robot can teach participants to create routine places to leave important objects, such as keys; or learn note taking strategies to remember important things. CARMEN does this through interactive games and activities.

The research team designed CARMEN with a clear set of criteria in mind. It is important that people can use the robot independently, without clinician or researcher supervision. For this reason, CARMEN had to be plug and play, without many moving parts that require maintenance. The robot also has to be able to function with limited access to the internet, as many people do not have access to reliable connectivity. CARMEN needs to be able to function over a long period of time. The robot also has to be able to communicate clearly with users; express compassion and empathy for a person's situation; and provide breaks after challenging tasks to help sustain engagement.

Researchers deployed CARMEN for a week in the homes of several people with MCI, who then engaged in multiple tasks with the robot, such as identifying routine places to leave household items so they don't get lost, and placing tasks on a calendar so they won't be forgotten. Researchers also deployed the robot in the homes of several clinicians with experience working with people with MCI. Both groups of participants completed questionnaires and interviews before and after the week-long deployments.




After the week with CARMEN, participants with MCI reported trying strategies and behaviors that they previously had written off as impossible. All participants reported that using the robot was easy. Two out of the three participants found the activities easy to understand, but one of the users struggled. All said they wanted more interaction with the robot.

"We found that CARMEN gave participants confidence to use cognitive strategies in their everyday life, and participants saw opportunities for CARMEN to exhibit greater levels of autonomy or be used for other applications," the researchers write.

The research team presented their findings at the ACM/IEEE Human Robot Interaction (HRI) conference in March 2024, where they received a best paper award nomination.

Next steps

Next steps include deploying the robot in a larger number of homes.

Researchers also plan to give CARMEN the ability to have conversations with users, with an emphasis on preserving privacy when these conversations happen. This is both an accessibility issue (as some users might not have the fine motor skills necessary to interact with CARMEN's touch screen), as well as because most people expect to be able to have conversations with systems in their homes. At the same time, researchers want to limit how much information CARMEN can give users. "We want to be mindful that the user still needs to do the bulk of the work, so the robot can only assist and not give too many hints," Riek said.

Researchers are also exploring how CARMEN could assist users with other conditions, such as ADHD.

The UC San Diego team built CARMEN based on the FLEXI robot from the University of Washington. But they made substantial changes to its hardware, and wrote all its software from scratch. Researchers used ROS for the robot's operating system.

Many elements of the project are available at https://github.com/UCSD-RHC-Lab/CARMEN
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Myths about intermittent fasting, debunked | ScienceDaily
In a new article, researchers at the University of Illinois Chicago debunk four common myths about the safety of intermittent fasting.


						
Intermittent fasting has become an increasingly popular way to lose weight without counting calories. And a large body of research has shown it's safe. Still, several myths about fasting have gained traction among clinicians, journalists and the general public: that fasting can lead to a poor diet or loss of lean muscle mass, cause eating disorders, or decrease sex hormones.

In a new commentary in Nature Reviews Endocrinology, UIC researchers debunk each of these. They base their conclusions on clinical studies, some of which they conducted and some done by others.

"I've been studying intermittent fasting for 20 years, and I'm constantly asked if the diets are safe," said lead author Krista Varady, professor of kinesiology and nutrition at UIC. "There is a lot of misinformation out there. However, those ideas are not based on science; they're just based on personal opinion."

There are two main types of intermittent fasting. With alternate-day eating, people alternate between days of eating a very small number of calories and days of eating what they want. With time-restricted eating, people eat what they want during a four- to 10-hour window each day, then don't eat during the rest of the day. The researchers conclude both types are safe despite the popular myths.

Here's a look at their conclusions:

Intermittent fasting does not lead to a poor diet: The researchers point to studies showing the intake of sugar, saturated fat, cholesterol, fiber, sodium and caffeine do not change during fasting compared with before a fast. And the percentage of energy consumed in carbohydrates, protein and fat doesn't change, either.




Intermittent fasting does not cause eating disorders: None of the studies show that fasting caused participants to develop an eating disorder. However, all the studies screened out participants who had a history of eating disorders, and the researchers say that those with a history of eating disorders should not try intermittent fasting. They also urge pediatricians to be cautious when monitoring obese adolescents if they start fasting, because this group has a high risk of developing eating disorders.

Intermittent fasting does not cause excessive loss of lean muscle mass: The studies show that people lose the same amount of lean muscle mass whether they're losing weight by fasting or with a different diet. In both cases, resistance training and increased protein intake can counteract the loss of lean muscle.

Intermittent fasting does not affect sex hormones: Despite concerns about fertility and libido, neither estrogen, testosterone nor other related hormones are affected by fasting, the researchers said.

The other authors of the article are Vanessa Oddo and Sofia Cienfuegos at UIC and Shuhao Lin, formerly at UIC and now at the Mayo Clinic.
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Researchers develop RNA-targeting technology for precisely manipulating parts of human genes | ScienceDaily
Researchers at the University of Toronto have harnessed a bacterial immune defense system, known as CRISPR, to efficiently and precisely control the process of RNA splicing.


						
The technology opens the door to new applications, including systematically interrogating the functions of parts of genes and correcting splicing deficiencies that underlie numerous diseases and disorders.

"Almost all human genes produce RNA transcripts that undergo the process of splicing, whereby coding segments, called exons, are joined together and non-coding segments, called introns, are removed and typically degraded," said Jack Daiyang Li, first author on the study and PhD student of molecular genetics, working in the labs of Benjamin Blencowe and Mikko Taipale at U of T's Donnelly Centre for Cellular and Biomolecular Research.

Exons can be alternatively spliced, such that the regulation and function of the approximately 20,000 human genes that encode proteins are greatly diversified, allowing the development and functional specialization of different types of cells.

However, it is unclear what most exons or introns do, and the mis-regulation of normal alternative splicing patterns is a frequent cause or contributing factor to various diseases, such as cancers and brain disorders. However, existing methods that allow for the precise and efficient manipulation of splicing have been lacking.

In the new research study, a catalytically-deactivated version of an RNA targeting CRISPR protein, referred to as dCasRx, was joined to more than 300 splicing factors to discover a fusion protein, dCasRx-RBM25. This protein is capable of activating or repressing alternative exons in an efficient and targeted manner.

"Our new effector protein activated alternative splicing of around 90 percent of tested target exons," said Li. "Importantly, it is capable of simultaneously activating and repressing different exons to examine their combined functions."

This multi-level manipulation will facilitate the experimental testing of functional interactions between alternatively spliced variants from genes to determine their combined roles in critical developmental and disease processes.




"Our new tool makes possible a broad range of applications, from studying gene function and regulation, to potentially correcting splicing defects in human disorders and diseases," said Blencowe, principal investigator on the study, Canada Research Chair in RNA Biology and Genomics, Banbury Chair in Medical Research and professor of molecular genetics at the Donnelly Centre and the Temerty Faculty of Medicine.

"We have developed a versatile engineered splicing factor that outperforms other available tools in the targeted control of alternative exons," said Taipale, also principal investigator on the study, Canada Research Chair in Functional Proteomics and Proteostasis, Anne and Max Tanenbaum Chair in Molecular Medicine and associate professor of molecular genetics at the Donnelly Centre and Temerty Medicine. "It is also important to note that target exons are perturbed with remarkably high specificity by this splicing factor, which alleviates concerns about possible off-target effects."

The researchers now have a tool in hand to systematically screen alternative exons to determine their roles in cell survival, cell type specification and gene expression.

When it comes to the clinic, the splicing tool has potential to be used to treat numerous human disorders and diseases, such as autism and cancers, in which splicing is often disrupted.

This research was supported by the Canadian Institutes of Health Research and the Simons Foundation.
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Facial recognition linked to close social bonds, not social butterflies | ScienceDaily
Do you have trouble recognising faces, or do you never forget a face? The better you are at facial recognition, the more supportive relationships you are likely to have, regardless of your personality type.


						
In a world-first study published last weekend in the journal Cognition, a team of international researchers has reported some surprising findings relating to facial recognition.

The first discovery is that one's ability to recognise faces has nothing to do with how extraverted, sociable, or gregarious a person is. What is clear, however, is that good facial recall is linked to the number of close, high-quality relationships that people have.

Researchers from the University of South Australia (UniSA), University of Western Australia (UWA) and Curtin University, along with US colleagues from Wellesley College and Harvard Medical School, undertook four separate studies involving more than 3000 people to tease out the relationship between facial recognition, social networks and personality traits.

In tests where participants memorised new faces or identified celebrity faces, their scores correlated with the number of close relationships they enjoyed.

"People who identified more faces typically had larger supportive social networks, which bodes well for their overall health and happiness," says lead researcher UniSA psychologist Dr Laura Engfors.

"In concrete terms, the rise from the lowest (two) to the highest (28) number of faces that were successfully recognised on one test coincided with six additional close relationships, increasing from nine to 15. That's an increase of two thirds and it is one extra strong social bond per four famous people recognised."

The research did not find any link between facial recognition and a more social personality.




"Our findings rule out the idea that being sociable means you'll probably be great at recognising faces. It also helps to dispel the common misconception that not recognising someone means you are less sociable.

"The ability to recognise faces more easily also means people may develop relationships faster.

"Imagine you've had an engaging conversation with someone you have only just met. A few weeks later you run into them again. If you recognise them quickly and easily, it opens the door to develop the rapport you established in your first meeting, helping the relationship to progress.

"On the flip side, if you don't recognise them, you've missed the chance to build on that initial interaction," Dr Engfors says.

Curtin University researcher and co-author Dr Linda Jeffery says being recognised by someone is a boost to a person's self-esteem.

"It can make us feel important and valued, leading us to relate to that person more warmly, whereas we feel snubbed if someone we have met before does not recognise us."

Wellesley College psychologist and co-author Associate Professor Jeremy Wilmer hopes the findings will be used to build stronger communities that facilitate human connection.




"Understanding that not everyone finds it easy to recognise people can help us to support those around us in social interactions," Prof Wilmer says.

"Something as simple as name tags at a community barbecue or school event can make the difference between a connection built and a connection lost. Similarly, if you catch a flicker of uncertainty on someone's face when you say hello, a subtle reminder to help them place you will be appreciated."

People can test their own celebrity face recognition at the researchers' citizen science website TestMyBrain.org.
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Personalized magnetic stimulation may help in treating depression | ScienceDaily
Magnetic stimulation therapy may assist patients for whom antidepressants are ineffective. Researchers from the University of Helsinki and Stanford University have developed more precise methods that could, in the future, help to develop individually tailored magnetic stimulation therapies for depression.


						
Not all patients with depression respond to medication. Two recently published studies provide additional information on how an alternative treatment, transcranial magnetic stimulation (TMS), could be further enhanced. TMS differs from electroconvulsive therapy (ECT), which is also used to treat depression.

Researchers from the University of Helsinki and Stanford University investigated which factors in targeting TMS influence the brain's electrical responses. They examined the behavior of a specific electrophysiological marker. This marker could potentially be used as a biomarker in the future to measure the efficacy of TMS treatment and thus help target and tailor the therapy.

"Magnetic stimulation is an effective treatment for patients whose depression is not alleviated by medication. However, currently, about half of these patients do not receive significant help from TMS. The biomarker we studied may help predict who will benefit from the therapy. In the future, it may also be possible to tailor the treatment individually," says postdoctoral researcher Juha Gogulski from Stanford, University of Helsinki and Aalto University.

Individual optimization is worthwhile

The first study addressed an electrophysiological marker that describes cortical excitability and the sources of error affecting its measurement. Researchers studied healthy subjects to determine how magnetic stimulation targeted to the prefrontal cortex and the angle of the stimulation coil affected cortical excitability, that is, the responses measured on an electroencephalogram (EEG) immediately after the stimulation pulse.

"The results showed that targeting of the stimulation coil in different parts of the prefrontal cortex significantly affected the quality of electrical responses. Additionally, we found indications that individual optimization of the stimulation site and coil angle may further improve the quality of this metric," says Gogulski.




The second study dealt with the reliability of the same electrophysiological marker in the prefrontal cortex. The study revealed that the most significant factor affecting reliability was the stimulation site.

"Before we can develop personalized TMS therapy, we must ensure that the excitability of the prefrontal cortex can be measured as accurately as possible in individual patients to be able to monitor how TMS treatment changes brain excitability. Determining reliability is also essential before this type of biomarker can be applied clinically," says Gogulski.

Potential benefits are significant, more research needed

Magnetic stimulation already helps some people with depression, but according to Gogulski, the effectiveness of TMS therapy varies between individuals. More precisely tailored treatment might improve outcomes.

"There are many possible factors in TMS therapy that could be used for individual tailoring, such as the stimulation site, the number and frequency of pulses, the intensity of the stimulation, and the number of treatment sessions. The side effects of TMS therapy are minimal, with the most common being a temporary, mild headache."

According to Gogulski, what makes the new studies significant is that this detailed systematic mapping of the electrical responses of the prefrontal cortex and their reliability has not been done before. The researchers hope that in the future, the effectiveness of TMS therapy can be monitored by measuring the brain's electrical responses during treatment. Based on these measurements, it might be possible to fine-tune the stimulation if necessary, even during the treatment.

"The results of both studies will be utilized in the future when designing individual brain stimulation therapies based on electrical biomarkers. However, more research is needed before new treatment methods can be implemented," says Gogulski.
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The hippocampus, the cerebral conductor of our daily priorities | ScienceDaily
How does our brain distinguish between urgent and less urgent goals? Researchers at the University of Geneva (UNIGE) and the Icahn School of Medicine in New York have explored how our brain remembers and adjusts the goals we set ourselves on a daily basis. Their study reveals differences in the way we process immediate and distant goals, at both behavioural and cerebral levels. These discoveries, described in the journal Nature Communications, could have significant implications for understanding psychiatric disorders, particularly depression, which can hamper the formulation of clear goals.


						
Throughout the day, we set ourselves goals to achieve: picking up the children from school in an hour, preparing dinner in three hours, making a doctor's appointment in five days or mowing the lawn in a week. These goals, both urgent and less urgent, are constantly redefined according to the events that occur throughout the day.

Researchers from the UNIGE and the Icahn School of Medicine at Mont Sinai Hospital in New York have studied how the brain memorises and updates the goals to be achieved. More specifically, how the brain sorts out which goals require immediate attention and which do not. Their study focused on a particular region of the brain, the hippocampus, because of its established role in episodic memory. This is responsible for encoding, consolidating and retrieving personally experienced information, integrating its emotional, spatial and temporal context.

An imaginary mission to Mars, in the time of an MRI scan 

Neuroscientists asked 31 people to project themselves into an imaginary 4-year space mission to Mars, requiring them to achieve a series of objectives crucial to their survival (taking care of their space helmet, taking exercise, eating certain foods, etc.). The mission objectives varied according to when they had to be achieved, with different tasks for each of the four years of the journey.

As participants progressed through the mission, they were presented with the same objectives. They were then asked to indicate whether these were past, present or future goals. As the participants moved forward in time, the relevance of these objectives changed: objectives initially planned for the future became current needs, while current needs became past objectives. In this way, participants had to manage several objectives at different distances in time and update their priorities as their mission progressed.

Prioritising immediate objectives 

The team observed the reaction times of each individual to determine whether the task was to be achieved in the present, the past or the future. ''Goals to be achieved immediately are recognised more quickly than those to be achieved in the distant future. This different processing of stored information reveals the priority given to needs in the present over those in the distant future. It takes extra time to mentally travel back in time to retrieve past and future goals,'' explains Alison Montagrin, research and teaching fellow in the Department of Basic Neurosciences at the UNIGE Faculty of Medicine, former post-doctoral fellow at the Icahn School of Medicine, and first author of the study.




The scientists also investigated whether differences were also apparent at the cerebral level. Images obtained using very high-resolution MRI revealed that, when retrieving information about the present, the hippocampus is activated in its posterior region. On the other hand, when recalling past goals or goals to be achieved in the future, the anterior region is activated.

''These results are particularly interesting because previous studies have shown that when we call on our episodic memory or our spatial memory, the anterior region of the hippocampus is involved in retrieving general information, while the posterior part deals with details. It will therefore be interesting to explore whether -- unlike immediate goals -- projection into the future or recall of a past goal do not require specific details, but a general representation is sufficient,'' concludes the researcher.

This research shows that the time scale plays a crucial role in the way people set personal goals. This could have important implications for understanding psychiatric disorders such as depression. Indeed, people suffering from depression may present difficulties in forming specific goals and envisage more obstacles in reaching their objectives. Investigating whether these people perceive the distance to their goals differently -- which could make them pessimistic about their chances of success -- could open up a therapeutic avenue.
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New study confirms forever chemicals are absorbed through human skin | ScienceDaily
A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.


						
New research, published today in Environment International proves for the first time that a wide range of PFAS (perfluoroalkyl substances) -- chemicals which do not break down in nature -- can permeate the skin barrier and reach the body's bloodstream.

PFAS are used widely in industries and consumer products from school uniforms to personal care products because of their water and stain repellent properties. While some substances have been banned by government regulation, others are still widely used and their toxic effects have not yet been fully investigated.

PFAS are already known to enter the body through other routes, for example being breathed in or ingested via food or drinking water, and they are known to cause adverse health effects such as a lowered immune response to vaccination, impaired liver function and decreased birth weight.

It has commonly been thought that PFAS are unable to breach the skin barrier, although recent studies have shown links between the use of personal care products and PFAS concentrations in human blood and breast milk. The new study is the most comprehensive assessment yet undertaken of the absorption of PFAS into human skin and confirms that most of them can enter the body via this route.

Lead author of the study, Dr Oddny Ragnarsdottir carried out the research while studying for her PhD at the University of Birmingham. She explained: "The ability of these chemicals to be absorbed through skin has previously been dismissed because the molecules are ionised. The electrical charge that gives them the ability to repel water and stains was thought to also make them incapable of crossing the skin membrane.

"Our research shows that this theory does not always hold true and that, in fact, uptake through the skin could be a significant source of exposure to these harmful chemicals."

The researchers investigated 17 different PFAS. The compounds selected were among those most widely used, and most widely studied for their toxic effects and other ways through which humans might be exposed to them. Most significantly, they correspond to chemicals regulated by the EU's Drinking Water Directive.




In their experiments the team used 3D human skin equivalent models -- multilayered laboratory grown tissues that mimic the properties of normal human skin, meaning the study could be carried out without using any animals. They applied samples of each chemical to measure what proportions were absorbed, unabsorbed, or retained within the models.

Of the 17 PFAS tested, the team found 15 substances showed substantial dermal absorption -- at least 5% of the exposure dose. At the exposure doses examined, absorption into the bloodstream of the most regulated PFAS (perfluoro octanoic acid (PFOA)) was 13.5% with a further 38% of the applied dose retained within the skin for potential longer-term uptake into the circulation.

The amount absorbed seemed to correlate with the length of the carbon chain within the molecule. Substances with longer carbon chains showed lower levels of absorption, while compounds with shorter chains that were introduced to replace longer carbon chain PFAS like PFOA, were more easily absorbed. Absorption of perfluoro pentanoic acid for example was four times that of PFOA at 59%.

Study co-author, Dr Mohamed Abdallah, said "our study provides first insight into significance of the dermal route as pathway of exposure to a wide range of forever chemicals. Given the large number of existing PFAS, it is important that future studies aim to assess the risk of broad ranges of these toxic chemicals, rather than focusing on one chemical at a time."

Study co-author, Professor Stuart Harrad, of the University of Birmingham's School of Geography, Earth and Environmental Sciences, added: "This study helps us to understand how important exposure to these chemicals via the skin might be and also which chemical structures might be most easily absorbed. This is important because we see a shift in industry towards chemicals with shorter chain lengths because these are believed to be less toxic -- however the trade-off might be that we absorb more of them, so we need to know more about the risks involved."
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New study demonstrates the efficacy of a promising celiac disease drug at the molecular level | ScienceDaily
A recent study led by researchers at Tampere University investigated whether a transglutaminase 2 inhibitor has potential as a drug to treat celiac disease. Previous tissue studies have shown that the ZED1227 transglutaminase 2 inhibitor prevents gluten-induced intestinal damage. The results of the new study, based on an analysis of the molecular activity of more than 10,000 genes, provide very strong evidence that the first successful drug to treat celiac disease may be at hand.


						
Consuming gluten-containing cereals, i.e. wheat, barley, and rye, leads to an abnormal immune response in the small intestine and the development of celiac disease in up to 2% of the population. Currently, no drug therapy exists, and a life-long strict gluten-free diet is the only available treatment. However, symptoms and intestinal damage caused by hidden gluten can occur even in patients who are following a strict diet.

"Blood antibody tests and traditional tissue tests do not necessarily tell the whole truth about the condition of the intestinal mucosa. Our previous studies have shown that even though the intestinal tissue may look healthy, it can still have a molecular 'scar' and, for example, the expression of genes promoting the absorption of vitamins and trace elements may be deficient. This probably explains the often-observed deficiencies of trace elements in celiac patients despite a gluten-free diet," says Keijo Viiri, Adjunct Professor of Cellular and Molecular Biology.

In a previous tissue study coordinated by Professor Emeritus Markku Maki from Tampere University, the ZED1227 transglutaminase 2 inhibitor was shown to prevent gluten-induced intestinal damage in patients with celiac disease. However, its mechanisms of action are not fully understood yet. A new international study led by Tampere University analysed molecular mechanisms to investigate whether ZED1227 is a potential drug candidate for treating celiac disease.

The study evaluated the efficacy and molecular mechanisms of ZED1227 by analysing intestinal biopsies collected from celiac patients. The biopsies were taken after a long-term gluten-free diet and again after six weeks of gluten exposure, during which the patients were given 3 grams of gluten per day. At the same time, some patients were given a daily dose of 100 milligrams of ZED1227 and others a placebo.

"By measuring gene activity, we found that orally ingested ZED1227 effectively prevented gluten-induced intestinal mucosal damage and inflammation. In the drug group, the activity of the genes responsible for the absorption of nutrients and trace elements also returned to the pre-gluten exposure level," Viiri says.

In the intestines of celiac patients, inflammation and mucosal damage occur through several cellular and molecular events when gluten binds to human leukocyte antigen (HLA) molecules. However, gluten can only bind to HLA when the small intestine's transglutaminase 2 enzyme first chemically modifies, i.e. deamidates, the structure of gluten. The effectiveness of ZED1227 is based on its ability to prevent deamidation.

"It is still premature to say that ZED1227 will be the celiac medicine of the future eliminating the need for a gluten-free diet. However, it is a strong drug candidate that could potentially be used in conjunction with a gluten-free diet. If or when the ZED1227 medicine becomes available, it would also be useful to apply personalised medicine especially to celiac patients with the high-risk HLA genotype," Viiri points out.
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New mathematical proof helps to solve equations with random components | ScienceDaily
Whether it's physical phenomena, share prices or climate models -- many dynamic processes in our world can be described mathematically with the aid of partial differential equations. Thanks to stochastics -- an area of mathematics which deals with probabilities -- this is even possible when randomness plays a role in these processes. Something researchers have been working on for some decades now are so-called stochastic partial differential equations. Working together with other researchers, Dr. Markus Tempelmayr at the Cluster of Excellence Mathematics Munster at the University of Munster has found a method which helps to solve a certain class of such equations. The results have been published in the journal Inventiones Mathematicae.


						
The basis for their work is a theory by Prof. Martin Hairer, recipient of the Fields Medal, developed in 2014 with international colleagues. It is seen as a great breakthrough in the research field of singular stochastic partial differential equations. "Up to then," Markus Tempelmayr explains, "it was something of a mystery how to solve these equations. The new theory has provided a complete 'toolbox', so to speak, on how such equations can be tackled."

The problem, Tempelmayr continues, is that the theory is relatively complex, with the result that applying the 'toolbox' and adapting it to other situations is sometimes difficult. "So, in our work, we looked at aspects of the 'toolbox' from a different perspective and found and proved a method which can be used more easily and flexibly." The study, in which Markus Tempelmayr was involved as a doctoral student under Prof. Felix Otto at the Max Planck Institute for Mathematics in the Sciences, published in 2021 as a pre-print. Since then, several research groups have successfully applied this alternative approach in their research work.

Stochastic partial differential equations can be used to model a wide range of dynamic processes, for example the surface growth of bacteria, the evolution of thin liquid films, or interacting particle models in magnetism. However, these concrete areas of application play no role in basic research in mathematics as, irrespective of them, it is always the same class of equations which is involved. The mathematicians are concentrating on solving the equations in spite of the stochastic terms and the resulting challenges such as overlapping frequencies which lead to resonances.

Various techniques are used for this purpose. In Hairer's theory, methods are used which result in illustrative tree diagrams. "Here, tools are applied from the fields of stochastic analysis, algebra and combinatorics," explains Markus Tempelmayr. He and his colleagues selected, rather, an analytical approach. What interests them in particular is the question of how the solution of the equation changes if the underlying stochastic process is changed slightly.

The approach they took was not to tackle the solution of complicated stochastic partial differential equations directly, but, instead, to solve many different simpler equations and prove certain statements about them. "The solutions of the simple equations can then be combined -- simply added up, so to speak -- to arrive at a solution for the complicated equation which we're actually interested in." This knowledge is something which is used by other research groups who themselves work with other methods.
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Standardized protocols help hospitals treat strokes faster | ScienceDaily
West Virginia University research illustrates that American Heart Association and American Stroke Association guidelines are effective at speeding up hospitals' response times for stroke treatment and can be mastered even by members of "ad hoc" medical teams that assemble rapidly on the fly.


						
Swift stroke treatment is critical, so when a stroke patient arrives at an emergency room, specialists from across hospital departments -- EMS, neurologists, pharmacists, physicians, nurses, radiologists and technicians -- rush to coordinate a team response. AHA and ASA guidelines, or "best practices," put specific limits on how much time can optimally elapse between the onset of ischemic stroke, in which blood flow to the brain is blocked, and subsequent events like arrival at the hospital and delivery of an infusion.

However, experts have questioned whether the communication of those best practices helps medical teams that assemble temporarily and whose members don't typically collaborate. A Journal of Operations Management paper by WVU John Chambers College of Business and Economics associate professor Bernardo Quiroga and coauthors answers that question using data about more than 8,000 patients who received stroke care at a large hospital (not WVU Hospitals) between 2009 and 2017.

"'Time is brain' for stroke victims," Quiroga explained. "Blocked blood flow to the brain kills almost two million neurons a minute, so your life or ability to walk or talk hinges on how quickly multiple professionals coordinate to restore blood flow. If you're lucky, you're treated within the first hour of symptom onset. Better yet, you receive a shot of Tissue Plasminogen Activator, which dissolves clots. TPA works better the earlier it's given and usually isn't effective after 4.5 hours."

In 2010, the AHA and ASA launched Target: Stroke, a program that identifies stroke care best practices and standardizes each step in the process. Participating hospitals reduced median treatment times from 79 minutes in 2009 to 51 minutes in 2017, but it wasn't clear if that improvement was driven by adherence to best practices or by clinicians learning through repetition as they handled more stroke cases.

To figure that out, the researchers investigated whether repeated "learning by doing" decreased the hospital's stroke care time. Then, they evaluated whether deliberate, "induced" learning and implementation of AHA/ASA best practices decreased the time further.

Learning through repetition worked. The more strokes the hospital treated, the faster it responded. For each doubling of cumulative stroke alerts, "door-to-needle time" -- the time to get patients from the hospital door to a TPA infusion -- decreased by 10.2%.




Best practices also worked. Specifically, the researchers examined two best practices: the Helsinki Model protocol, which directs that EMS staff keep stroke patients on the stretcher for transport to the CT room rather than transferring them to ER beds; and the Rapid Administration of TPA protocol, which requires the pharmacist to be in the CT room with TPA before completion of the CT scan. Those protocols significantly reduced the hospital's door-to-needle time beyond improvements from repetition-based learning.

According to Quiroga's coauthor and former PhD student Brandon Lee, that matters because it demonstrates the efficacy of best practices and shows ad hoc teams learning guidelines and implementing them long-term.

However, Lee emphasized the importance of the presence of the hospital's stroke advisory committee, which set targets, evaluated stroke teams' performances and gave feedback.

Without similar "countermeasures to organizational forgetting," Quiroga acknowledged that best practices aren't always sustainable, especially on ad hoc teams.

"In the case of the best practice indicated by the Helsinki Model, compliance is difficult because the hospital needs to coordinate with multiple independent EMS systems. Some EMS providers may be reluctant to commit resources to extended time in the CT room, and EMS staff turnover may lead to forgetting," Quiroga said.

Lee added, "Overall, because ad hoc teams are fluid, information sharing is harder. And when a group of people don't know each other well, group learning slows. But although ad hoc teams learn more slowly, we determined they still learn."

The research also assessed whether neurologists' abilities to meet time goals were affected by their recent experiences treating prior stroke patients.




"As team leaders, neurologists can have an outsized influence on performance," Quiroga said. "Because other members of the ad hoc team aren't familiar with each other, they lean on their leader."

But data showed stroke teams improving response times regardless of how many stroke cases the neurologist had treated individually or what the neurologist's recent success rate was. Quiroga said that's good news.

"The implication is that learning and sustaining best practices ensures an even quality of care for patients, regardless of individual neurologists' experience levels."
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Study examines acceptability of teleneurology across neurological conditions | ScienceDaily
One of the first studies to examine patient acceptability of teleneurology and determine factors influencing acceptability across neurological conditions, has found teleneurology was highly acceptable across the full range of patients with different neurological diagnoses, including headache, movement disorders and other neurological symptoms and diagnoses. The study also determined that the more medical complexity -- having additional diseases -- was associated with increased patient satisfaction with teleneurology.


						
Older patients were as accepting of teleneurology as younger patients, individuals often viewed as more comfortable with technology. Living in a rural area, typically with inconvenient access to in-person appointments, was also not associated with acceptability of teleneurology.

"There are always going to be certain clinical conditions or patient preferences where in- person visits are essential. But for most patients a large portion of what we're trying to do -- understanding the patients' symptoms, when they started, what helps them and what makes their symptoms worse -- all those basics that we learn in medical school that we know are at least 75 percent of getting the right diagnosis can be done via video; we can then adapt most parts of our physical exam to be done via video too," said study senior author Linda S. Williams, M.D., a U.S. Department of Veterans Affairs and Regenstrief Institute research scientist, whose clinical neurology practice focuses on stroke patients. "This is true, no matter the healthcare system.

"Telehealth is more efficient. It may help us make better use of scarce resources when we have physician shortages and, most importantly, it may help us meet patients where they are at home, when they're having trouble or can't drive from perhaps conditions like epilepsy, which are very important in neurology."

Patients in the study were surveyed two weeks after accessing clinicians via teleneurology. Visits were conducted via video to home or an outpatient primary care clinic with telehealth capabilities.

"Older patients and those with more medical complexity often make up a large portion of the patients requiring care by a neurologist. These findings will help healthcare providers realize they should not exclude consideration of teleneurology for patients that fall into these groups," said first author Courtney R. Seigel, an Indiana University School of Medicine student.

"There is a tremendous shortage of neurologists in the United States and neurologists, like many specialists, tend to be at a higher density in urban areas and lower density in rural areas," said Dr. Williams. "Teleneurology is one way that care can be more efficient. We can see many more patients in a given day via telehealth compared to driving to a single remote clinic and so can spread a scarce resource."
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Novel blood-powered chip offers real-time health monitoring | ScienceDaily
Metabolic disorders, like diabetes and osteoporosis, are burgeoning throughout the world, especially in developing countries.


						
The diagnosis for these disorders is typically a blood test, but because the existing healthcare infrastructure in remote areas is unable to support these tests, most individuals go undiagnosed and without treatment. Conventional methods also involve labor-intensive and invasive processes which tend to be time-consuming and make real-time monitoring unfeasible, particularly in real life settings and in country-side populations.

Researchers at the University of Pittsburgh and University of Pittsburgh Medical Center are proposing a new device that uses blood to generate electricity and measure its conductivity, opening doors to medical care in any location.

"As the fields of nanotechnology and microfluidics continue to advance, there is a growing opportunity to develop lab-on-a-chip devices capable of surrounding the constraints of modern medical care," said Amir Alavi, assistant professor of civil and environmental engineering at Pitt's Swanson School of Engineering. "These technologies could potentially transform healthcare by offering quick and convenient diagnostics, ultimately improving patient outcomes and the effectiveness of medical services."

Now, We Got Good Blood 

Blood electrical conductivity is a valuable metric for assessing various health parameters and detecting medical conditions.

This conductivity is predominantly governed by the concentration of essential electrolytes, notably sodium and chloride ions. These electrolytes are integral to a multitude of physiological processes, helping physicians pinpoint a diagnosis.




"Blood is basically a water-based environment that has various molecules that conduct or impede electric currents," explained Dr. Alan Wells, the medical director of UPMC Clinical Laboratories, Executive Vice Chairman, Section of Laboratory Medicine at University of Pittsburgh and UPMC, and Thomas Gill III Professor of Pathology, Pitt School of Medicine, Department of Pathology. "Glucose, for example, is an electrical conductor. We are able to see how it affects conductivity through these measurements. Thus, allowing us to make a diagnosis on the spot."

Despite its vitality, the knowledge of human blood conductivity is limited because of its measurement challenges like electrode polarization, limited access to human blood samples, and the complexities associated with blood temperature maintenance. Measuring conductivity at frequencies below 100 Hz is particularly important for gaining a deeper understanding of the blood electrical properties and fundamental biological processes, but is even more difficult.

A Pocket-Sized Lab 

The research team is proposing an innovative, portable millifluidic nanogenerator lab-on-a-chip device capable of measuring blood at low frequencies. The device utilizes blood as a conductive substance within its integrated triboelectric nanogenerator, or TENG. The proposed blood-based TENG system can convert mechanical energy into electricity via triboelectrification.

This process involves the exchange of electrons between contacting materials, resulting in a charge transfer. In a TENG system, the electron transfer and charge separation generate a voltage difference that drives electric current when the materials experience relative motion like compression or sliding. The team analyzes the voltage generated by the device under predefined loading conditions to determine the electrical conductivity of the blood. The self-powering mechanism enables miniaturization of the proposed blood-based nanogenerator. The team also used AI models to directly estimate blood electrical conductivity using the voltage patterns generated by the device.

To test its accuracy, the team compared its results with a traditional test which proved successful. This opens the door to taking the testing to where people live. In addition, blood-powered nanogenerators are capable of functioning in the body wherever blood is present, enabling self-powered diagnostics using the local blood chemistry.
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New approach accurately identifies medications most toxic to the liver | ScienceDaily
The current method for assessing medication-related liver injury is not providing an accurate picture of some medications' toxicity -- or lack thereof -- to the liver, according to a new study led by researchers from the Perelman School of Medicine at the University of Pennsylvania. Classification of a medication's potential to damage the liver, termed "hepatotoxicity," has been historically determined by counting individual reported cases of acute liver injury (ALI). Instead, the researchers used real-world health care data to measure rates of ALI within a population and uncovered that some medications' levels of danger to the liver are being misclassified. This paper was published in JAMA Internal Medicine.


						
"From a clinical standpoint, knowing the rate of severe ALI after starting a medication in real-world data will help determine which patients should be monitored more closely with liver-related laboratory tests during treatment," said senior author Vincent Lo Re, MD, MSCE, an associate professor of Medicine and Epidemiology. "Incidence rates of severe ALI can be a valuable tool for determining a medication's toxicity to the liver and when patients should be monitored, since incidence rates provide a truer, real-world look at this toxicity. Case reports did not accurately reflect observed rates of ALI because they do not consider the number of persons exposed to a medication, and cases of drug-induced liver injury are often underreported."

Within the study, 17 different medications had rates that exceeded five severe ALI events per 10,000 "person-years," a measure that reflects both the amount of people in a group and how long the study observes them (12 person-years could mean one person with data covering 12 years or two people covering six years). The team determined that 11 of these medications were in lower categories of hepatoxicity by case counts that were likely not reflective of their true risk, since their incidence rates revealed higher levels of toxicity. One of the medications that fell into this group was metronidazole, an antimicrobial that can be used to treat infections in the reproductive or gastrointestinal systems, as well as some dermatological conditions.

Incidence rates, the number of new cases of a disease within a time period divided by the number of people at risk for the disease, are a key measure for examining health in a population because they give a more complete picture than simple counting. For instance, a medication with 60 reports of liver injury would be considered the most hepatotoxic through the traditional method, using the raw number of reported liver injury cases. However, if that medication had 60 observed severe ALI events and was used by five million people, the incidence rate would be very low and likely point to the medication not being dangerous to the liver. However, if 60 severe ALI events were observed within a population of 1,000 patients, it would reflect a higher, potentially more important, rate of injury.

To determine incidence rates, Lo Re and his team, including lead author Jessie Torgersen, MD, MHS, MSCE, an assistant professor of Medicine, examined electronic medical record data on almost 8 million people provided by the United States Veterans Health Administration that had been compiled from 2000 through 2021. Each person did not have pre-existing liver or biliary disease (a condition affecting bile ducts or the gallbladder) when they began taking any of the 194 medications that were studied. Each of those medications were analyzed due to suspicion that they could cause harm to the liver, since each had more than four published reports of liver toxicity associated with their use.

On the other side of the hepatotoxicity coin, the researchers found eight medications that were classified as the most hepatotoxic based on the number of published case reports, but should actually be in the least liver-toxic group, with incidence rates of less than one severe ALI event per 10,000 person-years. For example, rates of severe ALI for statin medications, often used for high cholesterol, were in the group that had fewer than one event per 10,000 person-years.

"The systematic approach that we developed enables successful measurement of the rates of liver toxicity after starting a medication," Lo Re said. "It wasn't surprising that the case report counts did not accurately reflect observed rates of severe acute liver injury given the inherent limitations with case reports."

With these findings, the researchers hope that there might soon be mechanisms established within electronic medical records to alert clinicians to closely monitor the liver-related laboratory tests of patients who start a medication with a high observed rate of severe ALI.

"Importantly, our approach offers a method to allow regulatory agencies and the pharmaceutical industry to systematically investigate reports of drug-induced ALI in large populations," Lo Re said.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240624125439.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Study reveals new opportunities to develop cancer treatments | ScienceDaily
Researchers at Baylor College of Medicine and collaborating institutions have uncovered new potential therapeutic targets for cancer and new insights into existing cancer drug targets, expanding the breadth of possibilities for treating this disease. Using a comprehensive approach that included integrating proteomics, genomics and epigenomics data from 10 cancer types, the team identified protein and small protein or peptide targets in cancer tissues and validated many of them experimentally as promising candidates for therapeutic strategies. The study appeared in Cell.


						
"Experience has shown that targeted therapies, cancer treatments directed at specific proteins in cancer cells, hold promise for achieving more effective clinical results than traditional radiotherapy and chemotherapy," said co-corresponding author Dr. Bing Zhang, professor of molecular and human genetics and part of the Lester and Sue Smith Breast Center at Baylor. "Although there is progress identifying potential vulnerabilities of specific cancer types, fewer than 200 proteins are targeted by FDA-approved cancer drugs. In this study we significantly expanded the list of potential therapeutic targets by analyzing data from more than 1,000 tissue samples spanning 10 cancer types."

The researchers applied computational tools to integrate proteogenomic data comprising genome-wide information on DNA, RNA and proteins that was generated by the Clinical Proteomic Tumor Analysis Consortium (CPTAC) from prospectively collected samples of treatment-naive primary tumors, many with matched normal adjacent tissues for comparison. The team integrated the CPTAC dataset with other public datasets to investigate the similarities and differences among gene and protein alterations found in diverse tumor types to illuminate protein targets for cancer therapy.

"Our goal was to better understand the characteristics of known drug targets. We also hoped to identify new targets that could lead to new drug developments," said Zhang, a McNair scholar and member of Baylor's Dan L Duncan Comprehensive Cancer Center.

The team applied the data integration approach to systematically identify proteins and genes that are important for cancer growth and development. For instance, proteins that are overexpressed or hyperactive in cancer tissues but not in normal counterparts, and loss of tumor suppressor genes, which can create dependencies on other proteins that could then be therapeutically targeted. They also searched for tumor antigens, including neoantigens -- cancer-specific peptides derived from gene mutations in tumors.

"Our study revealed new opportunities for repurposing drugs currently approved for other conditions," Zhang said. "For example, we show that an antifungal drug can also reduce growth of several cancer types, supporting further exploration of the anti-cancer value of this drug."

The researchers also identified potential protein targets currently without a drug -- some are enzymes called kinases and others are cell surface proteins. "These findings open opportunities for drug development, including small-molecule drugs or drug-antibody conjugates," Zhang said.

Furthermore, computational identification of several tumor-associated proteins shared among different cancer types was followed by experimental confirmation of their importance for cancer in cells grown in the lab and in animal models, validating these proteins as potential therapeutic targets worthy of more study.

"I am very excited that we have created a comprehensive resource of protein targets, significantly expanding the therapeutic landscape by identifying many new candidates and covering various therapeutic modalities. And we have made our findings publicly available at https://targets.linkedomics.org," Zhang said. "We hope that this resource will pave the way to repurposing currently available drugs and developing new therapies for cancer treatment."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240624125437.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



How much oxygen do very premature babies need after birth? | ScienceDaily
Giving very premature babies high concentrations of oxygen soon after birth may reduce the risk of death by 50 percent, compared to lower levels of oxygen says new research led by University of Sydney researchers.


						
When premature babies are born, they sometimes need help breathing because their lungs haven't finished developing. To help babies during this process, doctors may give them extra oxygen through a breathing mask or breathing tube.

The study, published in JAMA Pediatrics, examined clinical trial data and outcomes of over one thousand premature babies who were given different oxygen concentrations. This included low concentrations of oxygen (~30 percent), intermediate (~50-65 percent) or high (~90 percent).

The study found for babies born prematurely, at less than 32 weeks (less than three quarters of the way through a full pregnancy), starting resuscitation with high concentrations of oxygen (90 percent or greater), could increase chances of survival compared to low levels (21 to 30 percent).

For comparison, the air we breathe, also known as 'room air' only has about 21 percent oxygen.

When a doctor provides oxygen to babies that need help breathing, there is a device that regulates how oxygen is mixed together to reach the desired concentration. The researchers believe higher initial levels of oxygen may jump-start independent breathing, but more research is required to explore the underlying cause for this effect.

The researchers emphasise that additional large studies will be important to confirm this finding, and that even when starting with high oxygen, it needs to be adjusted to lower levels quickly to avoid hyperoxia (oxygen poisoning).




How the oxygen is delivered during the first 10 minutes of the infant's life is critical. Doctors may give the baby high levels of oxygen at the start but then monitor vital signs and continually adjust the oxygen to avoid over or under exposure.

If confirmed in future studies, the findings challenge current international recommendations that suggest giving preterm babies the same amount of oxygen as babies born at term, 21 percent to 30 percent oxygen (room air), rather than extra oxygen.

This study also demonstrates that there may not be a one-size-fits-all approach, and babies born prematurely may have different needs than babies born at term.

Worldwide, over 13 million babies are born prematurely each year, and close to 1 million die shortly after birth.

"Ensuring very premature infants get the right treatment from the beginning sets them up to lead healthy lives. There is no better time to intervene than immediately after birth," said lead author Dr James Sotiropoulos from the University of Sydney's NHMRC Clinical Trials Centre.

"The goal is to find the right balance -- how do we give enough oxygen to prevent death and disability, but not damage vital organs."

"Whilst promising and potentially practice-changing, these findings will need to be confirmed in future larger studies."




Historically, oxygen with a 100 percent concentration was used to resuscitate all newborn infants. But due to studies that found high concentrations of oxygen over time can lead to hyperoxia and subsequent organ damage, in 2010 it prompted changes in international treatment recommendations for the use of blended oxygen (starting with low oxygen) for preterm infants.

However, researchers say the change was mainly based on evidence for full-term infants, who have fully developed lungs and who are often not as sick as premature infants.

To date, there is little conclusive evidence to guide best practice for premature infants.

The researchers emphasise the findings should not minimise the dangers of hyperoxia.

"The debate around exactly how much oxygen is best for extremely premature babies is still ongoing but, ultimately, everyone has the same shared goal of determining the best treatment for newborns," said Dr Anna Lene Seidler from the NHMRC Clinical Trials Centre.

"Our findings, together with all the other research that is currently happening, may help the most vulnerable preterm infants have the best chance of survival."

"We are very lucky to work with a highly collaborative international group on this question, some of whom have been studying it for decades. The group's diverse expertise and experience is a major strength of this work," said Dr Sotiropoulos.
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Trial offers hope for cheaper, more tolerable, ketamine treatment | ScienceDaily
For those suffering from treatment-resistant depression, the anaesthetic drug ketamine offers hope, but it has side effects and can be costly to access -- a University of Otago-led clinical trial may change that.


						
Working in collaboration with New Zealand's Douglas Pharmaceuticals, researchers have conducted a trial of ketamine in an extended-release tablet form.

The study, published in the journal Nature Medicine, involved 168 adults for whom regular anti-depressant therapy repeatedly failed. They either took a range of oral doses of ketamine or a placebo for 12 weeks.

Professor Paul Glue, Otago's Hazel Buckland Chair in Psychological Medicine, says the highest dose of ketamine -- 180mg -- showed significant improvement in depressive symptoms, compared with patients who received placebo.

"Ketamine can be given by injection or nasal spray, but these methods can leave people feeling spaced out, sedated, and increases their blood pressure.

"This study shows the extended-release ketamine tablets are safe and effective, and overall, tolerability was good, with participants reporting minimal side effects," he says.

Douglas Pharmaceuticals is now seeking the interest of partners to complete registrational clinical trials and prepare for commercialisation of the tablets.




"We have found there are many people, here in New Zealand and around the world, who have treatment-resistant depression, and who have no or very little chance of accessing ketamine.

"Because most doses of this tablet formulation can be taken at home, this is potentially a much cheaper and convenient option for these patients compared with weekly clinic visits for ketamine injections or nasal sprays."

Ketamine has been used legally by doctors in New Zealand since the 1970s for sedation and pain relief, but it has been classified as an illegal drug for recreational use since the 1980s.

Professor Glue says having the drug in a tablet form reduces the risk of abuse as the manufacturing process makes them difficult to manipulate.
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Ketamine slow-release tablet reduces symptoms of severe depression: Clinical trial | ScienceDaily
A new tablet form of ketamine has shown promise in treating severe depression, offering a potential alternative to existing clinic-based treatments that can be expensive and lacking in convenience for some patients.


						
Unlike the injectable and nasal spray alternatives that require clinicians to monitor patients for two hours while side effects subside, the slow-release tablet form can be taken safely at home without medical supervision and with negligible side effects.

Led by Professor Paul Glue of University of Otago, researchers from UNSW Sydney and the affiliated Black Dog Institute (BDI) collaborated with colleagues from other research institutions in Australia and New Zealand to run a randomised-controlled trial testing the effectiveness of ketamine tablets to treat depression compared with placebo.

The researchers randomly assigned 168 patients with treatment-resistant depression to one of five groups: four that received different strengths of ketamine, and one that received placebo.

Patients on the strongest dose of ketamine -- at 180mg, taken orally twice a week -- had the best results when compared to placebo, the researchers found. Success was measured by the size of reduction in a patient's MADRS score -- a measure of depression symptoms, where the higher the score, the more serious the depression.

In the 180mg group, the average reduction in MADRS score dropped by 14 points from a high of 30. In the placebo group, the average reduction was 8 points. All of the remaining doses of ketamine (120mg, 60mg and 30mg) had slightly better outcomes than placebo.

The results were published today in Nature Medicine.




Fascinating results

Professor Colleen Loo, who is clinical psychiatrist and researcher with UNSW and BDI, has previously contributed to research on the injectable and nasal spray versions of ketamine treatment for depression.

"The kind of results we're seeing look as good as other ways of giving ketamine, and are fascinating for two reasons," she says.

"First of all, there's the practical clinical reason that this is a way of administering ketamine to treat depression that's much easier to give. Rather than having to come to the clinic and have an injection and have medical monitoring for two hours, once or twice a week, this is much more convenient and allows patients to have their treatment at home, making it as convenient as other antidepressant medications.

"It is also possible that some people may respond to one approach to treatment, such as the tablet, while others respond to another, such as the injection, so having more treatment approaches is very useful."

The second reason is that it challenges some beliefs about how ketamine works in helping people successfully overcome depression.




"There's one school of thought that says what we call dissociative effects -- where you're feeling a kind of altered reality and perception -- are actually integral to the ability to improve the depression with ketamine," Prof. Loo says.

"And that's very similar to the psychedelic assisted therapy model that says changing your brain circuit functioning in that very profound way gives you new insights that help you to break out of your way of thinking, and that this acute kind of dissociative altered reality experience is necessary for you to improve.

"But with this tablet form you don't experience that because only a tiny amount is released into the bloodstream at a time, with ongoing slow release over days, and you don't experience the dissociation at all, and yet people are improving.

"So it could be that the theory that you must have these altered reality perceptions to improve may not be correct."

Further research needed

The double-blind trial -- where the allotment of ketamine or placebo to each group was hidden from both trial administrators and participants -- was the first to measure the effectiveness of a slow-release tablet form of ketamine to treat depression. But it is likely years away, and more millions of dollars spent on further trials before it becomes an approved clinical treatment.

"Douglas Pharmaceuticals, which is the New Zealand company that has produced the drug, still needs to do further studies, and it's important to note this is not yet approved by the FDA in the US or the TGA here in Australia.

"But if it does get through all those hoops and becomes an approved treatment, it certainly makes it much more convenient, not to mention cheaper, to use ketamine to treat severe depression."

The next step, says Prof. Loo, is for the group to run similar studies in multiple sites around the world in larger numbers of patients to show that the results are reproducible. One such study could look at how the tablet form of ketamine compares with other modes of delivery such as injection, which to date has shown strong results.
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Circulating microRNAs likely as effective as A1C for predicting type 2 diabetes in youth | ScienceDaily
Type 2 diabetes in young people ages 10 to19 has more than doubled in the past 20 years, yet it remains difficult for physicians to predict who will be diagnosed and who will improve with treatment. A newly published study from the University of Oklahoma shows that measuring the circulating abundance of microRNAs -- which affect insulin-producing beta cells in the pancreas -- is likely as effective as measuring the level of sugar in the blood for determining how a young person with the condition will fare.


						
Jeanie Tryggestad, M.D., an associate professor of pediatrics in the OU College of Medicine, led the study, which is published in The Journal of Clinical Endocrinology & Metabolism. It marks one of the first times microRNA abundance has been explored to predict the progression of Type 2 diabetes in youth. The specific microRNAs in the study are involved in insulin resistance and other actions that can stress beta cells or cause their death. The research is significant because it points to a process that is necessary to understand in order to ultimately design a strategy for prevention.

"Type 2 diabetes in youth is so aggressive, and the decline of beta cell function in youth is much more than we see in adults," Tryggestad said. "We believe that predicting what will cause beta cell dysfunction, and eventually preventing that dysfunction, is one of the keys for preventing or treating Type 2 diabetes."

Tryggestad's study showed that the microRNAs, at baseline, were nearly as effective as A1C measurement (average level of blood sugar) when predicting who would fail to respond to treatment for Type 2 diabetes. Treatment failure was defined as having an A1C of greater than 8% for six months or a circumstance that caused the study participant to go back on insulin without the ability to come back off. Circulating microRNAs also predicted a 20% decrease in beta cell function during the first six months of the study.

Currently, microRNAs can be measured only in a research setting, not in a clinic, but that may change in the future, Tryggestad said. The study's implications are important not only for the predictive potential of microRNAs, but because they represent a mechanism, or part of the process by which Type 2 diabetes develops and worsens.

"Glucose and A1C are relevant to me as a clinician, but as a clinician-researcher, it's important to have this additional piece of information about microRNAs because it points us toward a mechanism. It's the mechanism that we need to understand to design a prevention. It adds a layer of understanding that we haven't had before," she said.

Addressing the dramatic increase in Type 2 diabetes in children is only becoming more critical. Each year in the United States, cases of Type 2 diabetes in youth increase by 5.3%. At that rate, the prevalence is expected to increase by a staggering 700% by the year 2060. Tryggestad said that today, more youth ages 15 to 19 are living with Type 2 diabetes than Type 1 diabetes -- the first time that has ever happened.

The samples analyzed in this research came from participants in the landmark TODAY study (Treatment Options for Type 2 Diabetes in Adolescents and Youth). The OU College of Medicine played a major role in the multi-center clinical trial, which began recruiting participants in 2003 and ended in 2020. The trial featured 699 study participants, and Oklahoma enrolled more patients than any other participating site.

The trial was the first and largest of its kind to compare treatments for Type 2 diabetes in youth, but it has continued to yield information since the original study ended. The OU College of Medicine was awarded an additional grant to analyze microRNA samples taken during the first 10 years of the study.
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Semaglutide leads to greater weight loss in women than men with HF and improves HF symptoms | ScienceDaily
Semaglutide, a medication initially developed for type 2 diabetes and obesity, significantly improves symptoms in men and women with a common type of heart failure that has had few therapeutic options. Women experienced greater weight loss and the same symptom benefits compared with men, according to research presented today by Dr. Subodh Verma (St. Michael's Hospital, University of Toronto) at the American Diabetes Association's 2024 Scientific Sessions and published in the Journal of the American College of Cardiology (JACC).


						
This secondary analysis of the STEP-HFpEF (Semaglutide Treatment Effect in People with Obesity and HFpEF) program reveals that semaglutide provides benefits for men and women that do not track directly with weight loss, suggesting the drug may also have weight-loss independent effects on the cardiovascular system. The study (which included two trials) compared semaglutide with a placebo over 52 weeks in 1,145 participants, highlighting intriguing sex differences.

The analysis sought to determine whether phenotypic features and treatment effects of semaglutide vary by sex in obesity-related heart failure (HF) with preserved ejection fraction (HFpEF). It evaluated the influence of sex on the disease's baseline characteristics and compared the effects of semaglutide versus placebo on key trial endpoints in the STEP-HFpEF program (comprised of STEP-HFpEF and STEP-HFpEF DM Trials).

"Understanding the sex differences in obesity-related HFpEF is of great importance. Obesity and visceral adiposity are key drivers of HFpEF development and progression, and this may be even more amplified in women, who represent the majority of people with the disease, and bear a heavier burden of symptoms and physical limitations due to HFpEF" said Mikhail Kosiborod, MD, FACC, senior author of the study and a cardiologist at Saint Luke's Mid-America Heart Institute in Kansas City, Missouri. "Our study sheds light on these differences and the consistent benefits of semaglutide for women and men."

Lead author, Dr. Subodh Verma commented that "women living with obesity and heart failure with a preserved ejection fraction were also found to have higher BMI's compared to men, and were much more symptomatic at baseline."

"Females had more systemic inflammation and compared to previous HfpEF studies, females with obesity-related HfpEF were also younger," Verma said.

The study analyzed the effects of semaglutide 2.4 mg administered to participants once weekly vs placebo on the STEP-HFpEF program's dual primary and confirmatory secondary, and exploratory outcomes by sex. A total of 1,145 participants with obesity-related HFpEF were evaluated over 52 weeks, of which 570 were females.




Semaglutide, compared with placebo, similarly improved HF-related symptoms, physical limitations, exercise function, and reduced inflammation and natriuretic peptides regardless of sex.

Semaglutide-mediated improvements in HF-related symptoms and physical limitations were consistent in both male and female participants across key subgroups including age and BMI. It also lowered their systolic blood pressure and waist circumference.

However, there were sex differences in the treatment effects in terms of the reduction in body weight with semaglutide. Female participants experienced greater weight loss than males, with a mean difference of -9.6% vs -7.2%. Even though there was a significant reduction in body weight in both sexes, it was greater in females (a statistically significant interaction).

At baseline, females had higher left ventricular ejection fraction, presented with worse symptoms and physical limitations, and had higher levels of inflammation at baseline, but similar rates of hypertension and diuretic use and less atrial fibrillation compared with males, despite their higher BMI. Researchers note that this may indicate that more female participants had a typical obesity phenotype of HFpEF compared with males who may also have left atrial myopathy HFpEF complicated by an increase in BMI.

In an accompanying editorial, Anuradha Lala, MD, a cardiologist at the Mount Sinai School of Medicine and Director of Heart Failure Research for the NHLBI Cardiothoracic Surgery Network, said there is a need for further studies to illuminate the mechanism by which this drug provides benefits and continued attention to sex-specific differences in treatment responses.
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Study identifies first drug therapy for sleep apnea | ScienceDaily
Researchers at University of California San Diego School of Medicine and international collaborators have led a worldwide, advanced study demonstrating the potential of tirzepatide, known to manage type 2 diabetes, as the first effective drug therapy for obstructive sleep apnea (OSA), a sleep-related disorder characterized by repeated episodes of irregular breathing due to complete or partial blockage of the upper airway.


						
The results, published in the June 21, 2024 online edition of New England Journal of Medicine, highlight the treatment's potential to improve the quality of life for millions around the world affected by OSA.

"This study marks a significant milestone in the treatment of OSA, offering a promising new therapeutic option that addresses both respiratory and metabolic complications," said Atul Malhotra, MD, lead author of the study, professor of medicine at University of California San Diego School of Medicine and director of sleep medicine at UC San Diego Health.

OSA can result in reduced oxygen levels in the blood and can also be associated with an increased risk of cardiovascular complications, such as hypertension and heart disease. Recent studies, also led by Malhotra, suggest that the number of OSA patients worldwide is close to 936 million.

Conducted in two Phase III, double-blinded, randomized, controlled trials, the new study cohort involved 469 participants diagnosed with clinical obesity and living with moderate-to-severe OSA. They were recruited from sites in nine different countries, including the U.S., Australia and Germany. Participants either used or did not use continuous positive airway pressure (CPAP) therapy, the most common sleep apnea treatment which uses a machine to maintain an open airway during sleep, preventing interruptions in breathing. Patients were administered either 10 or 15 mg of the drug by injection or a placebo. The impact of tirzepatide was evaluated over 52 weeks.

Researchers found that tirzepatide led to a significant decrease in the number of breathing interruptions during sleep, a key indicator used to measure the severity of OSA. This improvement was much greater than what was seen in participants that were given a placebo. Importantly, some participants that took the drug reached a point where CPAP therapy might not be necessary. Considerable data suggest that a drug therapy that targets both sleep apnea and obesity is beneficial rather than treating either condition alone.

Additionally, the drug therapy improved other aspects related to OSA, such as reducing the risk factors of cardiovascular diseases and improved body weight. The most common side effect reported was mild stomach issues.




"Historically, treating OSA meant using devices during sleep, like a CPAP machine, to alleviate breathing difficulties and symptoms," Malhotra said. "However, its effectiveness relies on consistent use. This new drug treatment offers a more accessible alternative for individuals who cannot tolerate or adhere to existing therapies. We believe that the combination of CPAP therapy with weight loss will be optimal for improving cardiometabolic risk and symptoms. Tirzepatide can also target specific underlying mechanisms of sleep apnea, potentially leading to more personalized and effective treatment."

Malhotra adds that having a drug therapy for OSA represents a significant advancement in the field.

"It means we can offer an innovative solution, signifying hope and a new standard of care to provide relief to countless individuals and their families who have struggled with the limitations of existing treatments," said Malhotra. "This breakthrough opens the door to a new era of OSA management for people diagnosed with obesity, potentially transforming how we approach and treat this pervasive condition on a global scale."

Next steps include conducting clinical trials to examine longer term effects of tirzepatide.

Co-authors of the study include: Ronald Grunstein, University of Sydney; Ingo Fietze, University Hospital Berlin; Terri Weaver, University of Illinois Chicago; Susan Redline, Ali Azarbarzin, and Scott Sands, Harvard Medical School; Richard Schwab, University of Pennsylvania; and Julia Dunn, Sujatro Chakladar, Mathijs Bunck, and Josef Bednarik, Eli Lilly and Company.

Funding support for the study came, in part, from Eli Lilly and Company.
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Simple test for flu could improve diagnosis and surveillance | ScienceDaily
Fewer than one percent of people who get the flu every year get tested, in part because most tests require trained personnel and expensive equipment. Now researchers have developed a low-cost paper strip test that could allow more patients to find out which type of flu they have and get the right treatment.


						
The test, developed by a team from the Broad Institute of MIT and Harvard and Princeton University, and supported by the US Centers for Disease Control and Prevention, uses CRISPR to distinguish between the two main types of seasonal flu, influenza A and B, as well as seasonal flu subtypes H1N1 and H3N2. It can also identify strains that resist antiviral treatment, and with further work, could potentially detect swine and avian flu strains, including H5N1, which is currently infecting cattle.

Appearing in The Journal of Molecular Diagnostics, the results could help improve outbreak response and clinical care by bringing tests that are accurate, low-cost, and fast to doctors' offices and labs across the US and in other countries.

"Ultimately, we hope these tests will be as simple as rapid antigen tests, and they'll still have the specificity and performance of a nucleic acid test that would normally be done in a laboratory setting," said Cameron Myhrvold, co-senior author on the study along with Pardis Sabeti, an institute member at the Broad and a professor at Harvard University and the Harvard T.H. Chan School of Public Health, as well as a Howard Hughes Medical Institute investigator. Myhrvold, who is currently an assistant professor at Princeton University, was a postdoctoral researcher in Sabeti's lab when the study began.

SHINE a light 

The test is based on a technology called SHINE, which was developed by Sabeti's lab in 2020 and uses CRISPR enzymes to identify specific sequences of viral RNA in samples. The researchers first used SHINE to test for SARS-CoV-2, and later to distinguish between the Delta and Omicron variants. Then, in 2022, they began adapting the assay to detect other viruses they knew were always circulating: influenzas. They wanted to create tests that could be used in the field or in clinics rather than hospitals or diagnostic labs with expensive equipment.

"Using a paper strip readout instead of expensive fluorescence machinery is a big advancement, not only in terms of clinical care but also for epidemiological surveillance purposes," said Ben Zhang, co-first author on the study, a medical student at Harvard Medical School and an undergraduate researcher in Sabeti's lab when the study began.




Typical diagnostic approaches such as polymerase chain reaction (PCR) require lengthy processing times, trained personnel, specialized equipment, and freezers to store reagents at -80degC, whereas SHINE can be conducted at room temperature in about 90 minutes. Currently, the assay only requires an inexpensive heat block to warm the reaction, and the researchers are working to streamline the process with the goal of returning results in 15 minutes.

The researchers also adapted SHINE to distinguish between different flu strains. In the future, they say the assay could be adapted to detect two different viruses with similar symptoms, such as influenza and SARS-CoV-2.

"Being able to tease apart what strain or subtype of influenza is infecting a patient has repercussions both for treating them and public health interventions," said Jon Arizti-Sanz, a postdoctoral researcher in Sabeti's lab and co-first author on the study.

For example, the tests could help clinicians decide whether to use Oseltamivir, a common antiviral that is effective for only some strains, Arizti-Sanz added. In the field, rapid testing could also help scientists collect samples more strategically during an outbreak to better monitor how the virus is spreading.

Next, the researchers are adapting SHINE to test for both avian and swine influenza strains. "With SARS-CoV-2 and now flu, we've shown that we can easily adapt SHINE to detect new or evolving viruses," Arizti-Sanz said. "We're excited to apply it to H5N1."
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Imaging technology captures how neurons communicate with new clarity | ScienceDaily
For the first time, scientists at The Hospital for Sick Children (SickKids) used advanced imaging technology at the SickKids Nanoscale Biomedical Imaging Facility to reveal the atomic structure of an enzyme that neurons use to communicate.


						
All brain activity -- from memory and emotion to learning and motor control -- is made possible through communication across synapses, the connections between neurons. When this communication is unsuccessful, various conditions such as epilepsy can occur. A neuron is a type of cell that specializes in communicating with other cells by sending out chemical signals, called neurotransmitters, into synapses. In the brain, there are 100 trillion synapses between neurons.

The way neurons communicate has been studied for decades, but research published today in Science showcases models derived from hundreds of thousands of high-resolution images that reveal synaptic function with new clarity.

Led by Dr. John Rubinstein, Senior Scientist in the Molecular Medicine program, and Dr. Claire Coupland, first author and postdoctoral fellow in the Rubinstein Lab, the research team hopes that by capturing images of and modeling how chemicals are released from neurons, they may be able to inform new therapeutic targets that help improve care for children with epilepsy and other neurological conditions.

On the publication of these findings, Rubinstein shares how his team captured the images, and what their findings could mean for patients in the future.

What did your research uncover about the way neurons communicate?

When communicating, neurons release neurotransmitters into a synapse to be delivered to a receiving neuron. These neurotransmitters are released from small packets called synaptic vesicles. Once a message is received, the neurotransmitters must be reabsorbed and repackaged into new synaptic vesicles to clear out the synapse and make room for the next signal.




To facilitate this process, an enzyme called the vesicular-type ATPase (V-ATPase) acts as a pump to drive neurotransmitters into synaptic vesicles. V-ATPase also regulates neurotransmitter release from the vesicles.

In our research, we learned that the way V-ATPase controls the process of neurotransmitter release from synaptic vesicles is by spontaneously falling apart after the vesicles are loaded. We found that when we filled the synaptic vesicles with neurotransmitters, the V-ATPases split into two parts, which then allows neurotransmitter release.

How did you capture images of this process?

By using novel biochemical methods and novel imaging methods supported by the SickKids Nanoscale Biomedical Imaging Facility, we were able to isolate synaptic vesicles and obtain images of them. From there, we developed new computational approaches to analyze the images to show the V-ATPase in the vesicles at high resolution -- something that has not been done before.

We created 3D models of the V-ATPase based on images we captured using cryogenic electron microscopy (cryo-EM), a method that images samples at -196 C. Our team saw that V-ATPase interacts with several components of the synaptic vesicle, which contains many proteins and lipids that are involved in neurotransmitter release.

Most surprisingly, we learned that the V-ATPase interacts with a protein called synaptophysin. By weight, synaptophysin is the most abundant synaptic vesicle protein. Until now, its function in neurons was not understood. What we found shows that synaptophysin could be helping to recruit V-ATPase to synaptic vesicles when they initially form.




What are the next steps for this research?

Now that we have discovered that V-ATPase interacts with synaptophysin in synaptic vesicles, we are working with Dr. Lu-Yang Wang, a Senior Scientist in the Neurosciences & Mental Health program, to understand the role of this interaction in the brain. We also want to understand how the loading of vesicles leads to the V-ATPase falling apart, and how this process controls the release of neurotransmitters from neurons.

In the future, this process could be a therapeutic target for many health conditions, including some kinds of epilepsy.

This research was funded by the Canadian Institutes of Health Research (CIHR), University of Toronto and the Natural Sciences and Engineering Research Council (NSERC). Infrastructure in the Nanoscale Biomedical Imaging Facility was supported by the Canada Foundation for Innovation and the Ontario Research Fund.
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ChatGPT is biased against resumes with credentials that imply a disability -- but it can improve | ScienceDaily
While seeking research internships last year, University of Washington graduate student Kate Glazko noticed recruiters posting online that they'd used OpenAI's ChatGPT and other artificial intelligence tools to summarize resumes and rank candidates. Automated screening has been commonplace in hiring for decades. Yet Glazko, a doctoral student in the UW's Paul G. Allen School of Computer Science & Engineering, studies how generative AI can replicate and amplify real-world biases -- such as those against disabled people. How might such a system, she wondered, rank resumes that implied someone had a disability?


						
In a new study, UW researchers found that ChatGPT consistently ranked resumes with disability-related honors and credentials -- such as the "Tom Wilson Disability Leadership Award" -- lower than the same resumes without those honors and credentials. When asked to explain the rankings, the system spat out biased perceptions of disabled people. For instance, it claimed a resume with an autism leadership award had "less emphasis on leadership roles" -- implying the stereotype that autistic people aren't good leaders.

But when researchers customized the tool with written instructions directing it not to be ableist, the tool reduced this bias for all but one of the disabilities tested. Five of the six implied disabilities -- deafness, blindness, cerebral palsy, autism and the general term "disability" -- improved, but only three ranked higher than resumes that didn't mention disability.

The team presented its findings June 5 at the 2024 ACM Conference on Fairness, Accountability, and Transparency in Rio de Janeiro.

"Ranking resumes with AI is starting to proliferate, yet there's not much research behind whether it's safe and effective," said Glazko, the study's lead author. "For a disabled job seeker, there's always this question when you submit a resume of whether you should include disability credentials. I think disabled people consider that even when humans are the reviewers."

Researchers used one of the study's authors' publicly available curriculum vitae (CV), which ran about 10 pages. The team then created six enhanced CVs, each implying a different disability by including four disability-related credentials: a scholarship; an award; a diversity, equity and inclusion (DEI) panel seat; and membership in a student organization.

Researchers then used ChatGPT's GPT-4 model to rank these enhanced CVs against the original version for a real "student researcher" job listing at a large, U.S.-based software company. They ran each comparison 10 times; in 60 trials, the system ranked the enhanced CVs, which were identical except for the implied disability, first only one quarter of the time.




"In a fair world, the enhanced resume should be ranked first every time," said senior author Jennifer Mankoff, a UW professor in the Allen School. "I can't think of a job where somebody who's been recognized for their leadership skills, for example, shouldn't be ranked ahead of someone with the same background who hasn't."

When researchers asked GPT-4 to explain the rankings, its responses exhibited explicit and implicit ableism. For instance, it noted that a candidate with depression had "additional focus on DEI and personal challenges," which "detract from the core technical and research-oriented aspects of the role."

"Some of GPT's descriptions would color a person's entire resume based on their disability and claimed that involvement with DEI or disability is potentially taking away from other parts of the resume," Glazko said. "For instance, it hallucinated the concept of 'challenges' into the depression resume comparison, even though 'challenges' weren't mentioned at all. So you could see some stereotypes emerge."

Given this, researchers were interested in whether the system could be trained to be less biased. They turned to the GPTs Editor tool, which allowed them to customize GPT-4 with written instructions (no code required). They instructed this chatbot to not exhibit ableist biases and instead work with disability justice and DEI principles.

They ran the experiment again, this time using the newly trained chatbot. Overall, this system ranked the enhanced CVs higher than the control CV 37 times out of 60. However, for some disabilities, the improvements were minimal or absent: The autism CV ranked first only three out of 10 times, and the depression CV only twice (unchanged from the original GPT-4 results).

"People need to be aware of the system's biases when using AI for these real-world tasks," Glazko said. "Otherwise, a recruiter using ChatGPT can't make these corrections, or be aware that, even with instructions, bias can persist."

Researchers note that some organizations, such as ourability.com and inclusively.com, are working to improve outcomes for disabled job seekers, who face biases whether or not AI is used for hiring. They also emphasize that more research is needed to document and remedy AI biases. Those include testing other systems, such as Google's Gemini and Meta's Llama; including other disabilities; studying the intersections of the system's bias against disabilities with other attributes such as gender and race; exploring whether further customization could reduce biases more consistently across disabilities; and seeing whether the base version of GPT-4 can be made less biased.

"It is so important that we study and document these biases," Mankoff said. "We've learned a lot from and will hopefully contribute back to a larger conversation -- not only regarding disability, but also other minoritized identities -- around making sure technology is implemented and deployed in ways that are equitable and fair."
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Potential targets for prevention and early identification of psychotic disorders | ScienceDaily
A new study by the Centre for Addiction and Mental Health (CAMH), entitled "Mental Health Service Use Before First Diagnosis of a Psychotic Disorder" and published in JAMA Psychiatry, found that nearly 75 per cent of young Ontarians with a psychotic disorder had at least one mental health service visit within the three years prior to their first diagnosis of the disorder.


						
The retrospective cohort study -- one of the largest of its kind -- suggests that youth with a psychotic disorder are nearly four times as likely to have a previous mental health-related hospital admission, twice as likely to have a mental health-related emergency department visit, and more likely to have a past diagnosis of substance use disorder compared to youth diagnosed with a mood disorder.

"Our findings suggest that these factors -- prior mental health-related hospital admissions and emergency department visits, and prior diagnosis of substance use disorder -- may indicate increased risk for a psychotic disorder," says Dr. Nicole Kozloff, Co-Director of the Slaight Family Centre for Youth in Transition at CAMH. "These results are remarkably consistent with other jurisdictions outside Canada, and should guide further research into detecting and intervening earlier in the course of psychotic illness."

As part of the study, the researchers used information held by ICES on health service use and other linked data to examine previous mental health use in Ontarians aged 15-29 years who were later diagnosed with a psychotic disorder between April 1, 2012 and March 31, 2018. The team identified more than 10,000 individuals with a first diagnosis of psychotic disorder and matched them with individuals who were diagnosed with a mood disorder.

"Those at risk for psychosis are 'hiding in plain sight,'" says Dr. Aristotle Voineskos, Vice President, Research at CAMH and Director of the Campbell Family Mental Health Research Institute. "These data provide a very different picture of who is at risk for psychosis, and also suggest the opportunity moving forward to examine whether effective treatment for prior conditions may change the risk for psychosis."

The early findings from this research inspired the launch of the Toronto Adolescent & Youth (TAY) Cohort Study at CAMH. This five-year study is tracking 1,500 children and youth presenting for mental health services, examining their biology, education and cognition, social factors, and service use patterns. The goal is to increase understanding of who is at risk for psychosis and, most importantly, how to mitigate that risk via earlier intervention.

This research underpins a key pillar of CAMH's new strategic plan, Get Upstream, which aims to position the hospital at the forefront of early mental illness identification, prevention strategies, and timely access to high-quality care.

CAMH is already a leader in both research and clinical care for youth experiencing psychosis. The Slaight Family Centre for Youth in Transition's unique integrated approach translates the latest clinical and scientific evidence into better intervention and recovery strategies, making a real difference in the lives of young people. The Slaight Centre houses an outpatient early psychosis intervention program, clinical high risk program, and an inpatient early psychosis unit, which treat more than 425 patients on average each month between the ages of 14 to 29 years old.
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How old is your bone marrow? | ScienceDaily
Our bone marrow -- the fatty, jelly-like substance inside our bones -- is an unseen powerhouse quietly producing 500 billion new blood cells every day. That process is driven by hematopoietic stem cells that generate all of the various types of blood cells in our bodies and regenerating themselves to keep the entire assembly line of blood production operating smoothly.


						
As with any complex system, hematopoietic stem cells lose functionality as they age -- and, in the process, contribute to the risk of serious diseases, including blood cancers. We know that the risk of developing aging-associated diseases is different among different individuals. Surprisingly, however, little is known about whether hematopoietic stem cells age differently between individuals.

"If you take a room full of 50-year-olds, some will be completely gray-haired, others will be salt-and-pepper, and a few will not have any gray hairs at all," said Jennifer Trowbridge, Dattels Family Endowed Chair and professor at the Jackson Laboratory. "Logically, you'd expect to see the same kind of variation in the function of hematopoietic stem cells -- but until now, nobody has studied that directly."

For good reason: Because these hematopoietic stem cells are so rare, researchers typically pool all of these stem cells together, studying them in aggregate. In a paper published in Blood, Trowbridge and colleagues studied hematopoietic stem cells at the single cell level in nine individual, genetically identical middle-aged mice -- offering the first close look at how subtle changes in the bone marrow microenvironment ages hematopoietic stem cells across individual mice.

Trowbridge and team found that despite the mice being all the same age, the hematopoietic stem cells in the bone marrow of these individual mice aged differently. But that's not all. The team could predict the function of the hematopoietic stem cells based on the activity of two growth factors that are also present in humans.

The two growth factors -- Kitl and Igf1 -- are produced by mesenchymal stromal cells (MSC) that surround the stem cells in the bone marrow microenvironment. By profiling the RNA transcriptome in these MSCs across individual mice, Trowbridge found that the decline of these growth factors correlated with age-associated molecular programs in hematopoietic stem cells.

"The amount of the growth factors that are being produced directly correlates to the declining function of the stem cells -- and we found markedly more variation in hematopoietic stem cells than in other cells in the bone marrow," Trowbridge said. "This is really a snapshot of the aging process at work, at the cellular level." "

In humans, who are genetically diverse and have varying lifestyles, variations in hematopoietic stem cell aging are likely to be even greater than in carefully controlled animal models, explained Trowbridge. While the current study didn't explore whether cellular aging of the stem cells directly triggers adverse health outcomes, it's likely that such variations play a role in a wide range of health outcomes for both mice and humans.
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Chilling discovery: Study reveals evolution of human cold and menthol sensing protein, offering hope for future non-addictive pain therapies | ScienceDaily
Chronic pain affects millions worldwide, and current treatments often rely on opioids, which carry risks of addiction and overdose.


						
Non-addictive alternatives could revolutionize pain management, and new research targeting the human protein which regulates cold sensations, brings scientists closer to developing pain medications that don't affect body temperature and don't carry the risks of addiction.

Research published in Science Advances on June 21, led by Wade Van Horn, professor in Arizona State University's School of Molecular Sciences and Biodesign Center for Personalized Diagnostics, has uncovered new insights into the main human cold and menthol sensor TRPM8 (transient receptor potential melastatin 8). Using techniques from many fields like biochemistry and biophysics, their study revealed that it was a chemical sensor before it became a cold temperature sensor.

"If we can start to understand how to decouple the chemical sensing of cold from actual cold sensing, in theory, we could make side-effect-free drugs," said Van Horn whose research focuses on membrane proteins involved in human health and disease. "By understanding the evolutionary history of TRPM8, we hope to contribute to designing better drugs that offer relief without the dangerous side effects associated with current painkillers."

When a person touches a metal desk and it feels cold, the human body activates TRPM8. For cancer patients who are on certain kinds of chemotherapeutics, touching a desk can hurt. TRPM8 is also involved in many other types of pain as well, including chronic neuropathic and inflammatory pain.

By further understanding this specificity of the chemical sensing of cold versus physically sensing cold, scientists can target relief without triggering the temperature regulation side effects often seen in TRPM8 clinical trials for pain treatments.

In the research, the team used ancestral sequence reconstruction, a time machine for proteins of sorts, compiling the family tree of TRPM8 that exists today and then used that information to determine what the proteins from long-extinct animals might have looked like.




Using computational methods to resurrect ancestral primate, mammalian, and vertebrate TRPM8, the researchers were able to understand how TRPM8 has changed over hundreds of millions of years by comparing the sequences of current proteins to predict the sequences of their ancient ancestors. Additionally, the combination of lab experiments and computational studies enable the researchers to identify critical places in TRPM8 that allow a more clear understanding of temperature sensing, which can be tested in subsequent experiments.

"Comparative dynamics analysis of ancestral and human TRPM8 also supports the experimental data and will allow us to identify critical sites in temperature sensing, which we will be testing soon," said Banu Ozkan, professor in ASU's Department of Physics, who was involved in the study.

The team then expressed these ancestral TRPM8s in human cells and characterized them using various cellular and electrophysiology techniques.

"Ancestral protein-based studies allow us to focus on the lineage of most interest, such as human TRPM8, to alleviate concerns arising in drug discovery from speciation differences, like in mice and humans," said first author on the study Dustin Luu, an ASU School of Molecular Sciences doctoral alumnus, and current postdoctoral fellow in ASU's Biodesign Center for Personalized Diagnostics.

Luu continued: "We discovered that surprisingly menthol sensing appeared way before cold sensing. The difference in appearance and attenuation of these activation modes suggest they are separate and can be disentangled with further research enabling new pain therapies without the adverse side effect in thermal sensing and thermal regulation, which has plagued TRPM8-targeted clinical trials."

As science continues to uncover the mysteries of our biological mechanisms, studies like this exemplify how evolutionary biology and modern pharmacology can collaborate to address pressing medical needs and improve the quality of life for those suffering from chronic pain.
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Cooling 'blood oranges' could make them even healthier -- a bonus for consumers | ScienceDaily
An orange teeming with antioxidants and other health benefits may be a shot in the arm for consumers and citrus growers, if the fruit is stored at cool temperatures, a new University of Florida study shows.


						
But it's too soon to know if the so-called "blood oranges" are a viable crop for the Florida citrus industry, says Ali Sarkhosh, a UF/IFAS associate professor of horticultural sciences. Sarkhosh's post-doctoral associate Fariborz Habibi explains further.

"Although blood oranges typically command higher prices than other common varieties, such as navel or Valencia oranges, it is unclear if farmers could substantially increase their per-acre income by adding them to their crop selection and then storing them for internal color development," said Habibi, lead author of the study. "Improved fruit quality from the storage method presents a promising opportunity for the Florida citrus industry. However, further study is needed before recommending anything to growers."

The fruit is rich in anthocyanins, which have been linked to various health benefits, including anti-inflammatory and antioxidant properties. They also contain other beneficial phytochemicals such as vitamin C, flavonoids and dietary fiber.

"Fruit can also develop internal color under similar conditions at home. However, the fruit in the supermarket should have a good internal color and be ready for consumption," Sarkhosh said.

For this research, scientists harvested fruit from a research plot at the UF/IFAS North Florida Research and Education Center in Quincy.

Scientists found that storing the blood oranges at 40 to 53 degrees enhances anthocyanin, phenolic content, and antioxidants. When they lowered the temperatures 43 to 46 degrees, they also preserved fruit firmness, weight loss and sugar content.

"Attributes such as firmness are crucial for maintaining the overall quality, texture and taste of the blood oranges during storage," said Habibi.

Blood oranges get their name from their deep red flesh. Their skin contains a type of antioxidant pigment. The fruit is commonly grown in countries like Italy and Spain, which have the Mediterranean climate - cold, but above 32 degrees -- that helps them grow. In the United States, blood oranges grow primarily in California, but are not grown commercially yet in Florida.

Anthocyanin develops when the fruit is exposed to cold temperatures between 46 and 59 degrees for at least 20 days. Such conditions are rare in Florida's subtropical climate.
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Hidden DNA mechanisms of rare genetic diseases uncovered | ScienceDaily
Researchers at the Pacific Northwest Research Institute (PNRI) and collaborating institutions have made a groundbreaking discovery that could significantly advance our understanding of genomic disorders. Their latest study, funded by the National Institutes of Health and published in the journal Cell Genomics, reveals how specific DNA rearrangements called inverted triplications contribute to the development of various genetic diseases.


						
Understanding the Study

Genomic disorders occur when there are changes or mutations in DNA that disrupt normal biological functions. These can lead to a range of health issues, including developmental delays and neurological problems. One type of complex DNA mutation involves a structure known as a duplication-triplication/inversion-duplication (DUP-TRP/INV-DUP). This study delves into how these complex rearrangements form and their impact on human health.

Key Findings

The research team, led by PNRI Assistant Investigator Claudia Carvalho, Ph.D., collaborated with her lab colleagues, study lead author Christopher Grochowski, Ph.D., from the James R. Lupski Lab at Baylor College of Medicine, and other scientists to analyze the DNA of 24 individuals with inverted triplications.

They discovered that these rearrangements are caused by segments of DNA switching templates during the repair process. Normally, DNA repair mechanisms use the undamaged complementary strand as a template to accurately repair the damaged DNA. However, sometimes during repair, the repair machinery may inadvertently switch to a different but similar sequence elsewhere in the genome.

These switches occur within pairs of inverted repeats -- sections of DNA that are mirror images of each other. Inverted repeats can confuse the repair machinery, leading to the use of the wrong template, which can disrupt normal gene function and contribute to genetic disorders.
    	Structural Diversity: The study found that these inverted triplications generate a surprising variety of structural variations in the genome, which can lead to different health outcomes.
    	Gene Dosage Impact: These rearrangements can alter the number of copies of certain genes, known as gene dosage. The correct number of gene copies is crucial for normal human development and function. Changes in gene dosage can cause diseases like MECP2 duplication syndrome, a rare neurodevelopmental disorder.
    	Mapping Breakpoints: By using advanced DNA sequencing techniques, the researchers identified the precise locations where these DNA segments switch templates leading to an altered number of genes including MECP2.




Dr. Carvalho and Baylor scientists first observed this pathogenic genomic structure in 2011 while studying MECP2duplication syndrome. Only recently, with the advent of long-read sequencing technology, has it become possible to investigate in detail how it forms in the genome.

Implications for Rare Disease Research and Treatment

"This study sheds light on the intricate mechanisms driving genetic rearrangements and their profound impact on rare diseases," said Dr. Claudia Carvalho, PNRI's lead scientist on the study. "By unraveling these complex DNA structures, we open new avenues for understanding the genetic causes of rare diseases and developing targeted treatments to improve patient outcomes."

These findings are being applied in a follow-up study led by Baylor's Davut Pehlivan, M.D., investigating how complex genomic structures influence the clinical features of MECP2 duplication syndrome and their impact on targeted therapeutic approaches.
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Resiliency shaped by activity in the gut microbiome and brain | ScienceDaily
A new UCLA Health study has found that resilient people exhibit neural activity in the brain regions associated with improved cognition and regulating of emotions, and were more mindful and better at describing their feelings. The same group also exhibited gut microbiome activity linked to a healthy gut, with reduced inflammation and gut barrier.


						
For the study, rather than examine microbiome activity and composition linked to disease conditions -- like anxiety and depression -- the researchers wanted to flip the script and study the gut microbiome and brain in healthy, resilient people who effectively cope with different types of stress, including discrimination and social isolation.

"If we can identify what a healthy resilient brain and microbiome look like, then we can develop targeted interventions to those areas to reduce stress," said Arpana Gupta, PhD, senior author and co-director of the UCLA Goodman-Luskin Microbiome Center. This is believed to be the first study to explore the intersection of resiliency, the brain, and the gut microbiome.

Gupta and her team focused on methods to cope with stress because research has shown that untreated stress can increase the risk of heart disease, stroke, obesity, and diabetes. While stress is an inevitable part of life, studying how to handle stress can help prevent developing diseases.

To conduct the study, published in Nature Mental Health, the researchers surveyed 116 people about their resiliency -- like trust in one's instincts and positive acceptance of change -- and separated them into two groups. One group ranked high on the resiliency scale and the other group ranked low. The participants also underwent MRI imaging and gave stool samples two or three days before their scans.

The researchers found that people in the high resiliency group were less anxious and depressed, less prone to judge, and had activity in regions of the brain associated with emotional regulation and better cognition compared to the group with low resiliency. "When a stressor happens, often we go to this aroused fight or flight response, and this impairs the breaks in your brain," Gupta said. "But the highly resilient individuals in the study were found to be better at regulating their emotions, less likely to catastrophize, and keep a level head," added Desiree Delgadillo, postdoctoral researcher and one of the first authors.

The high resiliency group also had different microbiome activity than the low resiliency group. Namely, the high resiliency group's microbiomes excreted metabolites and exhibited gene activity associated with low inflammation and a strong and healthy gut barrier. A weak gut barrier, otherwise known as a leaky gut, is caused by inflammation and impairs the gut barrier's ability to absorb essential nutrients needed by the body while blocking toxins from entering the gut.




The researchers were surprised to find these microbiome signatures associated with the high resiliency group.

"Resilience truly is a whole-body phenomenon that not only affects your brain but also your microbiome and what metabolites that it is producing," Gupta said. "We have this whole community of microbes in our gut that exudes these therapeutic properties and biochemicals, so I'm looking forward to building upon this research," Delgadillo said.

The team's future research will study whether an intervention to increase resilience will change brain and gut microbiome activity. "We could have treatments that target both the brain and the gut that can maybe one day prevent disease," Gupta said.
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Membrane protein analogues could accelerate drug discovery | ScienceDaily
Many drug and antibody discovery pathways focus on intricately folded cell membrane proteins: when molecules of a drug candidate bind to these proteins, like a key going into a lock, they trigger chemical cascades that alter cellular behavior. But because these proteins are embedded in the lipid-containing outer layer of cells, they are tricky to access and insoluble in water-based solutions (hydrophobic), making them difficult to study.


						
"We wanted to get these proteins out of the cell membrane, so we redesigned them as hyperstable, soluble analogues, which look like membrane proteins but are much easier to work with," explains Casper Goverde, a PhD student in the Laboratory of Protein Design and Immunoengineering (LPDI) in the School of Engineering.

In a nutshell, Goverde and a research team in the LPDI, led by Bruno Correia, used deep learning to design synthetic soluble versions of cell membrane proteins commonly used in pharmaceutical research. Whereas traditional screening methods rely on indirectly observing cellular reactions to drug and antibody candidates, or painstakingly extracting small quantities of membrane proteins from mammalian cells, the researchers' computational approach allows them to remove cells from the equation. After designing a soluble protein analogue using their deep learning pipeline, they can use bacteria to produce the modified protein in bulk. These proteins can then bind directly in solution with molecular candidates of interest.

"We estimate that producing a batch of soluble protein analogues using E. coli is around 10 times less expensive than using mammalian cells," adds PhD student Nicolas Goldbach.

The team's research has recently been published in the journal Nature.

Flipping the script on protein design

In recent years, scientists have successfully harnessed artificial intelligence networks that use deep learning to design novel protein structures, for example by predicting them based on an input sequence of amino acid building blocks. But for this study, the researchers were interested in protein folds that already exist in nature; what they needed was a more accessible, soluble version of these proteins.




"We had the idea to invert this deep learning pipeline that predicts protein structure: if we input a structure, can it tell us the corresponding amino acid sequence?" explains Goverde.

To achieve this, the team used the structure prediction platform AlphaFold2 from Google DeepMind to produce amino acid sequences for soluble versions of several key cell membrane proteins, based on their 3D structure. Then, they used a second deep learning network, ProteinMPNN, to optimize those sequences for functional, soluble proteins. The researchers were pleased to discover that their approach showed remarkable success and accuracy in producing soluble proteins that maintained parts of their native functionality, even when applied to highly complex folds that have so far eluded other design methods.

"The holy grail of biochemistry"

A particular triumph of the study was the pipeline's success in designing a soluble analogue of a protein shape known as the G-protein coupled receptor (GPCR), which represents around 40% of human cell membrane proteins and is a major pharmaceutical target.

"We showed for the first time that we can redesign the GPCR shape as a stable soluble analogue. This has been a long-standing problem in biochemistry, because if you can make it soluble, you can screen for novel drugs much faster and more easily," says LPDI scientist Martin Pacesa.

The researchers also see these results as a proof-of-concept for their pipeline's application to vaccine research, and even cancer therapeutics. For example, they designed a soluble analogue of a protein type called a claudin, which plays a role in making tumors resistant to the immune system and chemotherapy. In their experiments, the team's soluble claudin analogue retained its biological properties, reinforcing the pipeline's promise for generating interesting targets for pharmaceutical development.
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Lab-grown muscles reveal mysteries of rare muscle diseases | ScienceDaily
Biomedical engineers at Duke University have developed a new technique to better understand and test treatments for a group of extremely rare muscle disorders called dysferlinopathy or limb girdle muscular dystrophies 2B (LGMD2B). The approach grows complex, functional 3D muscle tissue from stem cells in the laboratory, creating a platform that replicates patient symptoms and treatment responses.


						
In its debut study, researchers reveal some of the biological mechanisms underlying the characteristic loss of mobility caused by LGMD2B. They also demonstrate that a combination of existing treatments may be able to alleviate some of the worst symptoms of the disease.

The results appear online June 18 in the journal Advanced Science.

LGMD2B affects only about eight people per million around the world. Unlike it's more well-known and more common cousin Duchenne muscular dystrophy, the disease affects both men and women, presents later in life -- in the late teens or early 20s -- and is rarely fatal. However, LGMD2B patients develop severe weakness in the legs and shoulders, typically requiring them to use wheelchairs for the rest of their lives.

Caused by a genetic disorder, LGMD2B stops the body from creating a fully functional form of a protein called dysferlin. There are currently no approved treatments or cures. Part of the reason for this lack of options is the many functions of dysferlin, including sealing holes in muscle membranes, regulating calcium balances required for muscle contraction and controlling cellular metabolism. And for reasons unknown, affected muscles initially accumulate fat within the muscle fibers themselves before degenerating and ultimately being replaced by fat cells.

"This phenomenon is very rare even for muscular dystrophies," said Nenad Bursac, professor of biomedical engineering at Duke. "It's a burning question within the community of why that happens."

One of the challenges facing researchers trying to solve these problems is that the mouse model used to approximate LGMD2B shows very mild symptoms compared to patients. Mice with the disease are still able to walk, and it does not present until nearly a year into their two-year long lifespan, making studies of the disease extremely slow. Dysferlin is expressed in other cell types, and blood levels of metabolic fuels such as cholesterol are also altered in mice and patients. Together, this complicates LGMD2B research by making it difficult to assess what cell types are responsible for the disease and if metabolic changes are due to the loss of dysferlin itself or whole-body effects.




To get around these challenges, Bursac and his research scientist Alastair Khodabukus turned to an engineered muscle platform that they have been developing for nearly a decade. The Bursac Lab was the first to grow contracting, functional human skeletal muscle in a Petri dish and has been improving its processes ever since to enable studies of muscle strength, metabolism and repair. This system allowed them to focus their study on only the effects of dysferlin on skeletal muscle without the complications of other cell types or altered blood metabolite profiles.

In the study, the researchers began with induced pluripotent stem cells (IPSCs) derived from patients living with LGMD supplied by The Jain Foundation, a charity focused on finding a cure for LGMD2B. Using their muscle-growing techniques, the lab matured these stem cells into muscle fibers and ran them through a battery of tests over the course of six weeks.

Like muscles found in patients themselves, the lab-grown versions displayed a wide variety of issues.

"Overall, our model repeated a lot of the clinical manifestations of the disease and observations made in real patients, but it was all done in a Petri dish," said Bursac. "We've been able to gain new insights into the muscle-specific aspects of the disease."

The researchers discovered that the loss in muscle strength was not the result of deficiencies in muscle structure or size, but in its handling of calcium. Muscle contractions are physically caused by reservoirs of calcium in muscle cells being released and binding to muscle proteins. Tests showed that the diseased muscle cells had sprung leaks in their calcium reserves, resulting in less calcium to release and weaker contractions.

The researchers also showed that the lack of dysferlin caused damage to the muscle cells to go unrepaired, and that an inability to burn fatty acids for energy production was at least partially to blame for the accumulation of fat within muscle fibers that has long puzzled the medical community.




"We replicated something seen in patients and showed that it's not due to environmental factors within the body, but issues within the muscle itself," Khodabukus said.

The researchers then tested the effects of two drug candidates to potentially treat the disease that have been identified through mouse models but have not yet been tested in humans. One called dantrolene is supposed to stop calcium from leaking from muscle cells' reservoirs. The second, called vamorolone, was recently approved for use with Duchenne muscular dystrophy patients, although researchers do not fully understand how it works.

Together, the drugs prevented the calcium leak and helped the cell membrane repair itself, restoring much of the muscles' strength. And while they also helped reduce the amount of fat accumulated within the muscles, they did not fully prevent it, nor did they help the muscles efficiently burn fats for fuel.

Moving forward, the group is planning to add immune and fat cells to their experiments for greater complexity. They also are looking to further understand disruptions to cellular metabolism and to find new drugs that fully restore all strength, repair and metabolic deficit.

"Right now, we have a basic muscle-only system, which is great to see the effects of the disease within the muscle itself, but what is also important is the crosstalk between immune cells, fat cells and muscle cells," Khodabukus said. "By building out our system more, we'll hopefully be able to fully figure out what is driving the loss of muscle and its replacement by fat in these patients."

This research was supported by the National Institutes of Health (UG3TR002142, U01EB028901, R01AR070543, R01AR079223, R01ARO82979, R21AR078269, UH3TR002142) and the Jain Foundation.
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Research finds causal evidence tying cerebral small-vessel disease to Alzheimer's, dementia | ScienceDaily
Research led by in part by The University of Texas Health Science Center at San Antonio (UT Health San Antonio) finds that the most common cerebral small-vessel disease feature seen in brain magnetic resonance imaging is a primary vascular factor associated with dementia risk.


						
Results of the major international study emphasize the significance of that feature, known as white matter hyperintensity (WMH) burden, in preventive strategies for dementia.

"Our findings provide converging evidence that WMH is a major vascular factor associated with dementia risk," said Muralidharan Sargurupremraj, PhD, an assistant professor at the Glenn Biggs Institute for Alzheimer's and Neurodegenerative Diseases at UT Health San Antonio. "They also support WMH as a surrogate marker for clinical trials to prevent dementia by controlling vascular risk."

Sargurupremraj is the first and co-corresponding author of the research, titled, "Genetic Complexities of Cerebral Small Vessel Disease, Blood Pressure, and Dementia," published May 22 in JAMA Network Open, a monthly open-access medical journal published by the American Medical Association.

The study notes that with increasing life expectancy, the prevalence of dementia is expected to reach 75 million people globally by 2030, which makes devising strategies to prevent or delay its occurrence a major public health priority. The scientific community widely recognizes that most dementia cases, including Alzheimer's disease, are related to a combination of vascular and neurodegenerative lesions.

And cerebral small-vessel disease is thought to be the main underlying contribution to cognitive decline and dementia, with nearly half of dementia cases showing both Alzheimer's and cerebral small-vessel disease neuropathologic characteristics, the study notes.

Still, while observational studies had shown evidence of an association between white matter hyperintensity burden and increased risk of stroke and dementia, causal evidence had been limited. White matter hyperintensities are lesions in the brain that show up as areas of increased brightness in T2-weighted magnetic resonance imaging.




In the new study, researchers were able to provide evidence of a causal link between vascular traits and Alzheimer's disease, using genetic instrument variable analyses known as Mendelian randomization -- a method that leverages the natural randomization of genetic alleles to test how differences in the genetic effect on modifiable exposure influence disease risk.

Specifically, in a two-year analysis ending July 24, 2022, and using Alzheimer's disease genome-wide association studies of up to 75,000 European dementia cases, they found causal evidence of an association of larger WMH burden with increased risk of the disease, accounting for pulse-pressure effects.

The study also highlighted the importance of combining several complementary epidemiological approaches and data types, and of accounting for caveats of instrumental variable analyses when exploring the impact of vascular traits on late-onset diseases like dementia.

"As vascular disease is a treatable contributor to dementia risk, our findings have broad significance for prevention strategies of Alzheimer's and dementia as a whole," Sargurupremraj concluded.

The researchers advise future studies to examine whether their findings can be generalized to non-European populations.

Other institutions and entities represented in the study include the University of Bordeaux (France); University of Washington; University of Michigan; University of Tartu (Estonia); Erasmus MC University Medical Center, Rotterdam (Netherlands); Boston University and the National Heart, Lung, and Blood Institute Framingham Heart Study; Icelandic Heart Association (Iceland); Washington University, St. Louis; University of Oxford (United Kingdom); Department of Public Health, Bordeaux (France); University of Pittsburgh; University of Lille (France); Radboud University, Nijmegen (Netherlands); Universidad Adolfo Ibanez, Santiago (Chile); University of Iceland (Iceland); Oslo University Hospital, Oslo (Norway); Norwegian University of Science and Technology; Imperial College London (United Kingdom); National Institute on Aging; and Bordeaux University Hospital (France).

UT Health San Antonio is a primary driver of San Antonio's leading $44.1 billion health care and biosciences sector, and is the largest academic research institution in South Texas with an annual research portfolio of $413 million.
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Activating molecular target reverses multiple hallmarks of aging | ScienceDaily
Researchers at The University of Texas MD Anderson Cancer Center have demonstrated that therapeutically restoring 'youthful' levels of a specific subunit of the telomerase enzyme can significantly reduce the signs and symptoms of aging in preclinical models. If these findings are confirmed in clinical studies, there may be therapeutic implications for age-related diseases such as Alzheimer's, Parkinson's, heart disease and cancer.


						
The study, published today in Cell, identified a small molecule compound that restores physiological levels of telomerase reverse transcriptase (TERT), which normally is repressed with the onset of aging. Maintenance of TERT levels in aged lab models reduced cellular senescence and tissue inflammation, spurred new neuron formation with improved memory, and enhanced neuromuscular function, which increased strength and coordination.

The researchers show that TERT functions not only to extend telomeres, but also acts as a transcription factor to affect the expression of many genes directing neurogenesis, learning and memory, cellular senescence, and inflammation.

"Epigenetic repression of TERT plays a major role in the cellular decline seen at the onset of aging by regulating genes involved in learning, memory, muscle performance and inflammation," said corresponding author Ronald DePinho, M.D., professor of Cancer Biology. "By pharmacologically restoring youthful TERT levels, we reprogrammed expression of those genes, resulting in improved cognition and muscle performance while eliminating hallmarks linked to many age-related diseases."

Loss of TERT is connected with aging through multiple mechanisms

Aging is associated with various epigenetic changes that influence functional and physiological decline. One of the hallmarks of aging is the gradual shortening of telomeres, the chromosomal end structures that help maintain their stability. Free radicals also can modify and harm telomere sequences.

When telomeres become extremely short or modified, they trigger a continual DNA damage response, which can lead to cell senescence -- a phenomenon in which cells release inflammatory factors that can cause tissue damage, prompting aging and cancer.




Telomerase is a protein complex responsible for synthesizing and extending telomeres. However, its activity is reduced over time due to the epigenetic silencing of TERT, particularly at the onset of natural aging or Alzheimer's and other age-related diseases.

The DePinho laboratory previously showed that deactivating the TERT gene in vivo led to premature aging, which could be reversed through TERT reactivation. The researchers also observed that certain cells, such as neurons and cardiac cells, were rejuvenated without undergoing the normal cell division required to synthesize telomeres.

Their observations led them to hypothesize that TERT had other functions beyond synthesizing telomeres and that overall telomerase levels were important in the aging process. Based on these findings, the researchers, led by DePinho and first author Hong Seok Shim, Ph.D., aimed to develop a drug to restore TERT levels.

Small molecule restores TERT levels, reversing hallmarks of aging

A high-throughput screen of over 650,000 compounds identified a small-molecule TERT activating compound (TAC) that epigenetically de-represses the TERT gene and restores physiological expression present in young cells.

In preclinical models equivalent to adults over age 75, TAC treatment for six months led to new neuron formation in the hippocampus (memory center) and improved performance in cognitive tests. Additionally, there was an increase in genes involved in learning, memory and synaptic biology, consistent with TERT's ability to interact with and control the activity of transcription factor complexes regulating diverse genes.




TAC treatment also significantly reduced inflammaging -- an age-related increase in inflammatory markers linked with multiple diseases -- in both blood and tissue samples and also eliminated senescent cells by repressing the p16 gene, a key senescence factor.

TAC improved neuromuscular function, coordination, grip strength and speed in these models, reversing sarcopenia -- a condition under which muscle mass, strength and performance naturally worsen with advancing age.

Additionally, TAC treatment in human cell lines increased telomere synthesis with reduced DNA damage signal at telomeres and extended the proliferative potential of these cells, demonstrating the activity of TAC in ex vivo human models.

"These preclinical results are encouraging, as TAC is easily absorbed by all tissues, including the central nervous system. Yet further studies are needed to properly assess its safety and activity in long-term treatment strategies," DePinho said. "However, our deeper understanding of the molecular mechanisms driving the aging process has uncovered viable drug targets, allowing us to explore opportunities to intercept the causes of a variety of major age-related chronic diseases."

This study was supported by the National Institutes of Health (R01 CA084628, P30 CA016672 and S10 RR029552), the G. Harold and Leila Y Mathers Charitable Foundation and the Belfer Family Foundation Neurodegeneration Consortium. This study was a collaborative effort with Peter Schultz and Michael Bollong at the Scripps Institute.
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        Solar technology: Innovative light-harvesting system works very efficiently
        Researchers are reporting progress on the road to more efficient utilization of solar energy: They have developed an innovative light-harvesting system.

      

      
        Shocked quartz reveals evidence of historical cosmic airburst
        Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.

      

      
        Pillars of creation star in new visualization from NASA's Hubble and Webb telescopes
        Made famous in 1995 by NASA's Hubble Space Telescope, the Pillars of Creation in the heart of the Eagle Nebula have captured imaginations worldwide with their arresting, ethereal beauty. Now, NASA has released a new 3D visualization of these towering celestial structures using data from NASA's Hubble and James Webb space telescopes. This is the most comprehensive and detailed multiwavelength movie yet of these star-birthing clouds.

      

      
        Surprising phosphate finding in NASA's OSIRIS-REx asteroid sample
        Early analysis of the asteroid Bennu sample returned by NASA's OSIRIS-REx mission has revealed dust rich in carbon, nitrogen, and organic compounds, all of which are essential components for life as we know it. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth. The magnesium-sodium phosphate found in the sample hints that the asteroid could have splintered off from an ancient, small, primitive ocean world.

      

      
        Light-weight microscope captures large-scale brain activity of mice on the move
        With a new microscope that's as light as a penny, researchers can now observe broad swaths of the brain in action as mice move about and interact with their environments.

      

      
        Researchers develop new training technique that aims to make AI systems less socially biased
        Researchers have created a new, cost-effective training technique for artificial intelligence systems that aims to make them less socially biased.

      

      
        Researchers discover new flat electronic bands, paving way for advanced quantum materials
        Scientists predict the existence of flat electronic bands at the Fermi level, a finding that could enable new forms of quantum computing and electronic devices.

      

      
        Your future medications could be personalized for you on a 3D printer
        Scientists are helping to develop standards and safety protocols that would allow pharmacies to print drugs onsite at a dosage best for you.

      

      
        Next platform for brain-inspired computing
        Computers have come so far in terms of their power and potential, rivaling and even eclipsing human brains in their ability to store and crunch data, make predictions and communicate. But there is one domain where human brains continue to dominate: energy efficiency.

      

      
        Wildfires increasingly threaten oil and gas drill sites, compounding potential health risks
        More than 100,000 oil and gas wells across the western U.S. are in areas burned by wildfires in recent decades, a new study has found, and some 3 million people live next to wells that in the future could be in the path of fires worsened by climate change.

      

      
        Moving objects precisely with sound
        Researchers have succeeded in directing floating objects around an aquatic obstacle course using only soundwaves. Their novel, optics-inspired method holds great promise for biomedical applications such as noninvasive targeted drug delivery.

      

      
        Telltale greenhouse gases could signal alien activity
        If aliens modified a planet in their solar system to make it warmer, we'd be able to tell. A new study identifies the artificial greenhouse gases that would be giveaways of a terraformed planet.

      

      
        Robots face the future
        Researchers have found a way to bind engineered skin tissue to the complex forms of humanoid robots. This brings with it potential benefits to robotic platforms such as increased mobility, self-healing abilities, embedded sensing capabilities and an increasingly lifelike appearance. Taking inspiration from human skin ligaments, the team included special perforations in a robot face, which helped a layer of skin take hold.

      

      
        3D-printed chip sensor detects foodborne pathogens for safer products
        Researchers have developed a new method for detecting foodborne pathogens that is faster, cheaper, and more effective than existing methods. Their microfluidic chip uses light to detect multiple types of pathogens simultaneously and is created using 3D printing, making it easy to fabricate in large amounts and modify to target specific pathogens. The researchers hope their technique can improve screening processes and keep contaminated food out of the hands of consumers.

      

      
        Marsquakes may help reveal whether liquid water exists underground on red planet
        If liquid water exists today on Mars, it may be too deep underground to detect with traditional methods used on Earth. But listening to earthquakes that occur on Mars -- or marsquakes -- could offer a new tool in the search.

      

      
        First of its kind detection made in striking new Webb image
        For the first time, a phenomenon astronomers have long hoped to directly image has been captured by NASA's James Webb Space Telescope's Near-Infrared Camera (NIRCam). In this stunning image of the Serpens Nebula, the discovery lies in the northern area of this young, nearby star-forming region.

      

      
        Meet CARMEN, a robot that helps people with mild cognitive impairment
        Meet CARMEN, short for Cognitively Assistive Robot for Motivation and Neurorehabilitation -- a small, tabletop robot designed to help people with mild cognitive impairment (MCI) learn skills to improve memory, attention, and executive functioning at home.

      

      
        Geologists expect Chang'e-6 lunar surface samples to contain volcanic rock and impact ejecta
        On June 25, China's Chang'e-6 (CE-6) lunar probe is set to return to Earth, carrying the first surface samples collected from the farside of the Moon. In anticipation of this historic event, scientists are publishing their predictions for the unique materials that may be found in the CE-6 samples.

      

      
        Researchers develop RNA-targeting technology for precisely manipulating parts of human genes
        Researchers have harnessed a bacterial immune defense system, known as CRISPR, to efficiently and precisely control the process of RNA splicing. The technology opens the door to new applications, including systematically interrogating the functions of parts of genes and correcting splicing deficiencies that underlie numerous diseases and disorders.

      

      
        Whoever controls electrolytes will pave the way for electric vehicles
        Team develops a commercially viable and safe gel electrolyte for lithium batteries.

      

      
        Drivers ready to embrace wireless EV technology
        Drivers are optimistic about 'on road' dynamic wireless charging that allows EV users to charge their batteries while driving -- but there are concerns.

      

      
        Novel application of optical tweezers: Colorfully showing molecular energy transfer
        Using a novel non-contact approach, a research team has successfully controlled the speed and efficiency of Forster resonance energy transfer between fluorescent molecules by varying the intensity of a laser beam.

      

      
        International collaboration lays the foundation for future AI for materials
        Artificial intelligence (AI) is accelerating the development of new materials. A prerequisite for AI in materials research is large-scale use and exchange of data on materials, which is facilitated by a broad international standard. A major international collaboration now presents an extended version of the OPTIMADE standard.

      

      
        New study confirms forever chemicals are absorbed through human skin
        A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.

      

      
        Researchers engineer AI path to prevent power outages
        Researchers developed an artificial intelligence (AI) model that could help electrical grids prevent power outages by automatically rerouting electricity in milliseconds. The approach is an early example of 'self-healing grid' technology, which uses AI to detect and repair problems such as outages autonomously and without human intervention when issues occur, such as storm-damaged power lines.

      

      
        A hidden treasure in the Milky Way -- Astronomers uncover ultrabright x-ray source
        Astronomers uncovered that a well-known X-ray binary, whose exact nature has been a mystery to scientists until now, is actually a hidden ultraluminous X-ray source.

      

      
        Novel blood-powered chip offers real-time health monitoring
        Researchers develop the first-ever device powered by blood to measure blood electrical conductivity.

      

      
        Star clusters observed within a galaxy in the early Universe
        The history of how stars and galaxies came to be and evolved into the present day remains among the most challenging astrophysical questions to solve yet, but new research brings us closer to understanding it. New insights about young galaxies during the Epoch of Reionization have been revealed. Observations with the James Webb Space Telescope (JWST) of the galaxy Cosmic Gems arc (SPT0615-JD) have confirmed that the light of the galaxy was emitted 460 million years after the big bang. What makes ...

      

      
        Innovative 3D printing method streamlines multi-materials manufacturing
        Researchers have developed a way to create complex devices with multiple materials -- including plastics, metals and semiconductors -- all with a single machine. The research outlines a novel 3D printing and laser process to manufacture multi-material, multi-layered sensors, circuit boards and even textiles with electronic components.

      

      
        Novel catalysts for improved methanol production using carbon dioxide dehydrogenation
        Encapsulating copper nanoparticles within hydrophobic porous silicate crystals has been shown to significantly enhance the catalytic activity of copper-zinc oxide catalysts used in methanol synthesis via CO2 hydrogenation. The innovative encapsulation structure effectively inhibits the thermal aggregation of copper particles, leading to enhanced hydrogenation activity and increased methanol production. This breakthrough paves the way for more efficient methanol synthesis from CO2.

      

      
        Prying open the AI black box
        Meet SQUID, a new computational tool. Compared with other genomic AI models, SQUID is more consistent, reduces background noise, and can yield better predictions regarding critical mutations. The new system aims to bring scientists closer to their findings' true medical implications.

      

      
        Promise green hydrogen may not always be fulfilled
        Green hydrogen often, but certainly not always, leads to CO2 gains.

      

      
        Unifying behavioral analysis through animal foundation models
        Behavioral analysis can provide a lot of information about the health status or motivations of a living being. A new technology makes it possible for a single deep learning model to detect animal motion across many species and environments. This 'foundational model', called SuperAnimal, can be used for animal conservation, biomedicine, and neuroscience research.

      

      
        Membrane protein analogues could accelerate drug discovery
        Researchers have created a deep learning pipeline for designing soluble analogues of key protein structures used in pharmaceutical development, sidestepping the prohibitive cost of extracting these proteins from cell membranes.

      

      
        Lab-grown muscles reveal mysteries of rare muscle diseases
        Biomedical engineers have grown muscles in a lab to better understand and test treatments for a group of extremely rare muscle disorders called dysferlinopathy or limb girdle muscular dystrophies 2B (LGMD2B). The research revealed the biological mechanisms underlying the disease and showed that a combination of existing treatments could alleviate its symptoms.

      

      
        Guiding humanity beyond the moon
        What actually happens to the human body in space? While scientists and researchers have heavily researched how various factors impact the human body here on Earth, the amount of information available about changes that occur in the body in space is not as well-known. Scientists have been studying for years how the body, specifically on the molecular side, changes in space. Recently, findings depict how the modern tools of molecular biology and precision medicine can help guide humanity into more ...

      

      
        Scientists at uOttawa develop innovative method to validate quantum photonics circuits performance
        A team of researchers has developed an innovative technique for evaluating the performance of quantum circuits. This significant advancement represents a substantial leap forward in the field of quantum computing.

      

      
        Iron meteorites hint that our infant solar system was more doughnut than dartboard
        Iron meteorites are remnants of the metallic cores of the earliest asteroids in our solar system. Iron meteorites contain refractory metals, such as iridium and platinum, that formed near the sun but were transported to the outer solar system. New research shows that for this to have happened, the protoplanetary disk of our solar system had to have been doughnut-shaped because the refractory metals could not have crossed the large gaps in a target-shaped disk of concentric rings. The paper sugges...

      

      
        Scientists discover new behavior of membranes that could lead to unprecedented separations
        Argonne scientists have used isoporous membranes -- membranes with pores of equal size and shape -- and recirculation to create separations at the nanoscale that overcome previous limitations.

      

      
        Supermassive black hole appears to grow like a baby star
        Supermassive black holes pose unanswered questions for astronomers around the world, not least 'How do they grow so big?' Now, an international team of astronomers has discovered a powerful rotating, magnetic wind that they believe is helping a galaxy's central supermassive black hole to grow. The swirling wind, revealed with the help of the ALMA telescope in nearby galaxy ESO320-G030, suggests that similar processes are involved both in black hole growth and the birth of stars.

      

      
        Changing climate will make home feel like somewhere else
        The impacts of climate change are being felt all over the world, but how will it impact how your hometown feels? An interactive web application allows users to search 40,581 places and 5,323 metro areas around the globe to match the expected future climate in each city with the current climate of another location, providing a relatable picture of what is likely in store.

      

      
        Scientists devise algorithm to engineer improved enzymes
        Scientists have prototyped a new method for 'rationally engineering' enzymes to deliver improved performance. They have devised an algorithm, which takes into account an enzyme's evolutionary history, to flag where mutations could be introduced with a high likelihood of delivering functional improvements. Their work could have significant, wide-ranging impacts across a suite of industries, from food production to human health.

      

      
        Sweat health monitor measures levels of disease markers
        A wearable health monitor can reliably measure levels of important biochemicals in sweat during physical exercise. The 3D-printed monitor could someday provide a simple and non-invasive way to track health conditions and diagnose common diseases, such as diabetes, gout, kidney disease or heart disease. The monitor was able to accurately monitor the levels of volunteers' glucose, lactate and uric acid as well as the rate of sweating during exercise.

      

      
        Can AI learn like us?
        Scientists have developed a new, more energy-efficient way for AI algorithms to process data. His model may become the basis for a new generation of AI that learns like we do. Notably, these findings may also lend support to neuroscience theories surrounding memory's role in learning.

      

      
        Creation of a power-generating, gel electret-based device
        A team of researchers has developed a gel electret capable of stably retaining a large electrostatic charge. The team then combined this gel with highly flexible electrodes to create a sensor capable of perceiving low-frequency vibrations (e.g., vibrations generated by human motion) and converting them into output voltage signals. This device may potentially be used as a wearable healthcare sensor.

      

      
        New catalyst unveils the hidden power of water for green hydrogen generation
        A team of scientists reports a new milestone for the sustainable production of green hydrogen through water electrolysis. Their new catalyst design harnesses so far unexplored properties of water to achieve, for the first time, an alternative to critical raw materials for water electrolysis at industrial-relevant conditions.
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Solar technology: Innovative light-harvesting system works very efficiently | ScienceDaily
In order to convert sunlight into electricity or other forms of energy as efficiently as possible, the very first step is an efficient light-harvesting system. Ideally, this should be panchromatic, i.e. absorb the entire spectrum of visible light.


						
The light-collecting antennae of plants and bacteria are a model for this. They capture a broad spectrum of light for photosynthesis, but are very complex in structure and require many different dyes to transmit the energy of the absorbed light and focus it on a central point.

The light-harvesting systems developed by humans to date also have disadvantages:

Although inorganic semiconductors such as silicon are panchromatic, they only absorb light weakly. In order to absorb enough light energy, very thick layers of silicon in the micrometre range are therefore required -- making solar cells relatively bulky and heavy.

Organic dyes that are suitable for solar cells are much thinner: their layer thickness is only around 100 nanometres. However, they are barely able to absorb a broad spectral range and are therefore not particularly efficient.

Thin Layer Absorbs a Lot of Light Energy

Researchers at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany, in the journal Chem have now presented an innovative light-harvesting system that differs significantly from previous systems.




"Our system has a band structure similar to that of inorganic semiconductors. This means that it absorbs light panchromatically across the entire visible range. And it uses the high absorption coefficients of organic dyes. As a result, it can absorb a great deal of light energy in a relatively thin layer, similar to natural light-harvesting systems," says JMU chemistry professor Frank Wurthner. His team from the Institute of Organic Chemistry / Center for Nanosystems Chemistry designed the light-harvesting system at JMU and investigated it together with Professor Tobias Brixner's group from the Institute of Physical and Theoretical Chemistry.

Four Dyes in an Ingenious Arrangement

Put simply, the innovative light-harvesting antenna from Wurzburg consists of four different merocyanine dyes that are folded and thereby stacked closely together. The elaborate arrangement of the molecules enables ultra-fast and efficient energy transport within the antenna.

The researchers have given the prototype of the new light-harvesting system the name URPB. The letters stand for the light wavelengths that are absorbed by the four dye components of the antenna: U for ultraviolet, R for red, P for purple, B for blue.

Proven Performance Via Fluorescence

The researchers have demonstrated that their novel light-collecting system works so well by measuring the so-called fluorescence quantum yield. This involves measuring how much energy the system emits in the form of fluorescence. This allows conclusions to be drawn about the amount of light energy that it has previously collected.

The result: the system converts 38 per cent of the irradiated light energy over a broad spectral range into fluorescence -- the four dyes on their own, on the other hand, manage less than one per cent to a maximum of three per cent. The right combination and skilful spatial arrangement of dye molecules in the stack therefore make a big difference.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240626152221.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Shocked quartz reveals evidence of historical cosmic airburst | ScienceDaily
Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.


						
Now, UC Santa Barbara emeritus professor James Kennett and colleagues report the presence of proxies associated with the cosmic airburst distributed over several separate sites in the eastern United States (New Jersey, Maryland and South Carolina), materials indicative of the force and temperature involved in such an event, including platinum, microspherules, meltglass and shock-fractured quartz. The study appears in ScienceOpen's journal Airbursts and Cratering.

"What we've found is that the pressures and temperatures were not characteristic of major crater-forming impacts but were consistent with so-called 'touchdown' airbursts that don't form much in the way of craters," Kennett said.

The Earth is bombarded every day by tons of celestial debris, in the form of tiny dust particles. On the other end of the scale are the extremely rare and cataclysmic impacts like the Chicxulub event that 65 million years ago caused the extinction of dinosaurs and other species. Its 150-kilometer-wide (93 miles) impact crater can be found in the Yucatan Peninsula in Mexico.

Somewhere in between are the impacts that don't leave craters on the Earth's surface but are nevertheless destructive. The shockwave from the 1908 Tunguska event knocked down 2,150 square kilometers (830 square miles) of forest, as the roughly 40-meter (130 ft) diameter asteroid collided with the atmosphere almost 10 kilometers (6 miles) above the Siberian taiga.

The comet thought to be responsible for the Younger Dryas cooling episode is estimated to have been 100 kilometers wide (62 miles) -- much larger than the Tunguska object, and fragmented into thousands of pieces. The sediment layer associated with the airburst stretches across much of the northern hemisphere, but can also be found in locations south of the equator. This layer contains unusually high levels of rare materials associated with cosmic impacts, such as iridium and platinum, and materials formed under high pressures and temperatures, such as magnetic microspherules (cooled-down metallic droplets), meltglass and nanodiamonds.

Shocked quartz and amorphous silica

The researchers are particularly interested in the presence of shocked quartz, indicated by a pattern of lines, called lamellae, that shows stress great enough to deform the crystal structure of quartz, a very hard material. This "creme de la creme" of cosmic impact evidence is present in impact craters, however linking shocked quartz to cosmic airbursts has proven to be more of a challenge.




"In the extreme form, such as when an asteroid hammers into the Earth's surface, all the fractures are very parallel," Kennett explained. In the realm of cosmic airbursts, different variables are present in the realm of cosmic airbursts. "When you think about it, the pressures and temperatures that produce these fractures will vary depending on the density, entry angle, altitude of the impact and the impactor's size.

"What we found -- and this is what is characteristic of the impact layer, called the Younger Dryas Boundary -- is that although we do occasionally see in the quartz grains examples of the 'traditional' shocked quartz with parallel fractures, we mostly see grains that are not parallel," he said. These fractures are seen in an irregular, web-like pattern of intersecting, meandering lines and surface and subsurface fissures, in contrast to the parallel and planar deformations of impact-associated shocked quartz found at craters. These subparallel and subplanar deformations are due in large part to the relatively lower pressures caused by explosions that occur above the ground, the researchers assert, as opposed to impacts that make contact with the Earth.

What these sediments do share with the shocked quartz at crater sites is the presence of amorphous silica -- melted glass -- in these fractures. And that, the researchers say, is evidence of the combination of pressure and high temperatures (greater than 2000 degrees Celsius) that could have come from a low-altitude bolide airburst. Similarly fractured quartz grains and meltglass have been found in more present-day samples of above ground explosions, such as at the Trinity atomic bomb test site in New Mexico. The roughly 20-kiloton bomb was detonated atop a 30.5 meter (100 foot) tower.

These lower-pressure shocked quartz grains join a growing suite of impact proxies that together make a case for a fragmented comet that not only caused widespread burning, but also abrupt climatic change that resulted in the extinctions of 35 genera of megafauna in North America, such as the mammoths and giant ground sloths, and led to the collapse of a flourishing human culture called Clovis, according to the researchers.

"There's a whole range of different shocked quartz, so we have to make a well-documented case that they are indeed significant for interpreting cosmic impact, even though they're not reflecting a traditional major crater-forming event," Kennett said. "These are from very-low-altitude 'touchdown' airbursts almost certainly associated with cometary impact."
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Pillars of creation star in new visualization from NASA's Hubble and Webb telescopes | ScienceDaily
Made famous in 1995 by NASA's Hubble Space Telescope, the Pillars of Creation in the heart of the Eagle Nebula have captured imaginations worldwide with their arresting, ethereal beauty.


						
Now, NASA has released a new 3D visualization of these towering celestial structures using data from NASA's Hubble and James Webb space telescopes. This is the most comprehensive and detailed multiwavelength movie yet of these star-birthing clouds.

"By flying past and amongst the pillars, viewers experience their three-dimensional structure and see how they look different in the Hubble visible-light view versus the Webb infrared-light view," explained principal visualization scientist Frank Summers of the Space Telescope Science Institute (STScI) in Baltimore, who led the movie development team for NASA's Universe of Learning.

"The contrast helps them understand why we have more than one space telescope to observe different aspects of the same object."

The four Pillars of Creation, made primarily of cool molecular hydrogen and dust, are being eroded by the fierce winds and punishing ultraviolet light of nearby hot, young stars. Finger-like structures larger than the solar system protrude from the tops of the pillars. Within these fingers can be embedded, embryonic stars. The tallest pillar stretches across three light-years, three-quarters of the distance between our Sun and the next nearest star.

The movie takes visitors into the three-dimensional structures of the pillars. Rather than an artistic interpretation, the video is based on observational data from a science paper led by Anna McLeod, an associate professor at the University of Durham in the United Kingdom. McLeod also served as a scientific advisor on the movie project.

"The Pillars of Creation were always on our minds to create in 3D. Webb data in combination with Hubble data allowed us to see the Pillars in more complete detail," said production lead Greg Bacon of STScI. "Understanding the science and how to best represent it allowed our small, talented team to meet the challenge of visualizing this iconic structure."

The new visualization helps viewers experience how two of the world's most powerful space telescopes work together to provide a more complex and holistic portrait of the pillars. Hubble sees objects that glow in visible light, at thousands of degrees. Webb's infrared vision, which is sensitive to cooler objects with temperatures of just hundreds of degrees, pierces through obscuring dust to see stars embedded in the pillars.




"When we combine observations from NASA's space telescopes across different wavelengths of light, we broaden our understanding of the universe," said Mark Clampin, Astrophysics Division director at NASA Headquarters in Washington. "The Pillars of Creation region continues to offer us new insights that hone our understanding of how stars form. Now, with this new visualization, everyone can experience this rich, captivating landscape in a new way."

Produced for NASA by STScI with partners at Caltech/IPAC, and developed by the AstroViz Project of NASA's Universe of Learning, the 3D visualization is part of a longer, narrated video that combines a direct connection to the science and scientists of NASA's Astrophysics missions with attention to the needs of an audience of youth, families, and lifelong learners. It enables viewers to explore fundamental questions in science, experience how science is done, and discover the universe for themselves.

Several stages of star formation are highlighted in the visualization. As viewers approach the central pillar, they see at its top an embedded, infant protostar glimmering bright red in infrared light. Near the top of the left pillar is a diagonal jet of material ejected from a newborn star. Though the jet is evidence of star birth, viewers can't see the star itself. Finally, at the end of one of the left pillar's protruding "fingers" is a blazing, brand-new star.

A bonus product from this visualization is a new 3D printable model of the Pillars of Creation.

The base model of the four pillars used in the visualization has been adapted to the STL file format, so that viewers can download the model file and print it out on 3D printers. Examining the structure of the pillars in this tactile and interactive way adds new perspectives and insights to the overall experience.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240626152053.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Surprising phosphate finding in NASA's OSIRIS-REx asteroid sample | ScienceDaily
Early analysis of the asteroid Bennu sample returned by NASA's OSIRIS-REx mission has revealed dust rich in carbon, nitrogen, and organic compounds, all of which are essential components for life as we know it. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth.


						
The magnesium-sodium phosphate found in the sample hints that the asteroid could have splintered off from an ancient, small, primitive ocean world. The phosphate was a surprise to the team because the mineral had not been detected by the OSIRIS-REx spacecraft while at Bennu.

While a similar phosphate was found in the asteroid Ryugu sample delivered by JAXA's (Japan Aerospace Exploration Agency) Hayabusa2 mission in 2020, the magnesium-sodium phosphate detected in the Bennu sample stands out for its purity (that is, the lack of other materials included in the mineral) and the size of its grains, unprecedented in any meteorite sample.

Scientists have eagerly awaited the opportunity to dig into the 4.3-ounce (121.6-gram) pristine asteroid Bennu sample collected by NASA's OSIRIS-REx (Origins, Spectral Interpretation, Resource Identification, and Security -- Regolith Explorer) mission since it was delivered to Earth last fall. They hoped the material would hold secrets of the solar system's past and the prebiotic chemistry that might have led to the origin of life on Earth. An early analysis of the Bennu sample, published June 26 in Meteoritics & Planetary Science, demonstrates this excitement was warranted.

The OSIRIS-REx Sample Analysis Team found that Bennu contains the original ingredients that formed our solar system. The asteroid's dust is rich in carbon and nitrogen, as well as organic compounds, all of which are essential components for life as we know it. The sample also contains magnesium-sodium phosphate, which was a surprise to the research team, because it wasn't seen in the remote sensing data collected by the spacecraft at Bennu. Its presence in the sample hints that the asteroid could have splintered off from a long-gone, tiny, primitive ocean world.

A Phosphate Surprise

Analysis of the Bennu sample unveiled intriguing insights into the asteroid's composition. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth, where material from the mantle, the layer beneath Earth's crust, encounters water.




This interaction doesn't just result in clay formation; it also gives rise to a variety of minerals like carbonates, iron oxides, and iron sulfides. But the most unexpected discovery is the presence of water-soluble phosphates. These compounds are components of biochemistry for all known life on Earth today.

While a similar phosphate was found in the asteroid Ryugu sample delivered by JAXA's (Japan Aerospace Exploration Agency) Hayabusa2 mission in 2020, the magnesium-sodium phosphate detected in the Bennu sample stands out for its purity -- that is, the lack of other materials in the mineral -- and the size of its grains, unprecedented in any meteorite sample.

The finding of magnesium-sodium phosphates in the Bennu sample raises questions about the geochemical processes that concentrated these elements and provides valuable clues about Bennu's historic conditions.

"The presence and state of phosphates, along with other elements and compounds on Bennu, suggest a watery past for the asteroid," said Dante Lauretta, co-lead author of the paper and principal investigator for OSIRIS-REx at the University of Arizona, Tucson. "Bennu potentially could have once been part of a wetter world. Although, this hypothesis requires further investigation."

"OSIRIS-REx gave us exactly what we hoped: a large pristine asteroid sample rich in nitrogen and carbon from a formerly wet world," said Jason Dworkin, a co-author on the paper and the OSIRIS-REx project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland.

From a Young Solar System

Despite its possible history of interaction with water, Bennu remains a chemically primitive asteroid, with elemental proportions closely resembling those of the Sun.




"The sample we returned is the largest reservoir of unaltered asteroid material on Earth right now," said Lauretta.

This composition offers a glimpse into the early days of our solar system, over 4.5 billion years ago. These rocks have retained their original state, having neither melted nor resolidified since their inception, affirming their ancient origins.

Hints at Life's Building Blocks

The team has confirmed the asteroid is rich in carbon and nitrogen. These elements are crucial in understanding the environments where Bennu's materials originated and the chemical processes that transformed simple elements into complex molecules, potentially laying the groundwork for life on Earth.

"These findings underscore the importance of collecting and studying material from asteroids like Bennu -- especially low-density material that would typically burn up upon entering Earth's atmosphere," said Lauretta. "This material holds the key to unraveling the intricate processes of solar system formation and the prebiotic chemistry that could have contributed to life emerging on Earth."

What's Next

Dozens more labs in the United States and around the world will receive portions of the Bennu sample from NASA's Johnson Space Center in Houston in the coming months, and many more scientific papers describing analyses of the Bennu sample are expected in the next few years from the OSIRIS-REx Sample Analysis Team.

"The Bennu samples are tantalizingly beautiful extraterrestrial rocks," said Harold Connolly, co-lead author on the paper and OSIRIS-REx mission sample scientist at Rowan University in Glassboro, New Jersey. "Each week, analysis by the OSIRIS-REx Sample Analysis Team provides new and sometimes surprising findings that are helping place important constraints on the origin and evolution of Earth-like planets."

Launched on Sept. 8, 2016, the OSIRIS-REx spacecraft traveled to near-Earth asteroid Bennu and collected a sample of rocks and dust from the surface. OSIRIS-REx, the first U.S. mission to collect a sample from an asteroid, delivered the sample to Earth on Sept. 24, 2023.
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Light-weight microscope captures large-scale brain activity of mice on the move | ScienceDaily
As a mouse explores its environment, millions of neurons across the brain fire in sync. To study only a small subsection at a time would be to miss the forest for the trees, but powerful microscopes capable of capturing the entire mouse brain simultaneously are too heavy to mount on a moving mouse.


						
Now, a new study in Nature Biomedical Engineering presents an innovative solution to this problem: a microscope that weighs only as much as a US penny but can capture broad swaths of brain activity with unprecedented resolution. "The ability to observe the brain as mice engage in natural behaviors, such as social interactions and prey capture, will advance our understanding of how brain-wide distributed neuroactivity relates to naturalistic behavior," says Rockefeller's Alipasha Vaziri, who led the study.

Mouse-sized microscopy

Larger mammals can accommodate standard head-mounted microscopes, and even rats can support tech weighing about 20 grams, or eight US pennies. However, mice, which are the go-to model organisms for understanding the brain at work, are much smaller. Microscopes designed to fit them must weigh less than three grams.

"In recent years we've seen an explosion of head-mounted microscopes for mice, but they typically support only imaging fields of view of a few hundred micrometers at cellular resolution, since the involved design complexity for larger fields of view comes with an unsustainable weight penalty," Vaziri says. Existing models that are light enough for mice to carry invariably compromise the microscope's field of view, resolution, and depth range (or a combination thereof) and are prone to motion-induced artifacts.

Prior attempts to overcome this limitation were geared toward making whatever technology already existed weigh less--swapping out metal parts for plastic, for instance, while maintaining the basic optical design of microscopes (especially those capable of imaging increased fields of view) in which a heavy lens forms a major part of the weight. Vaziri addressed this challenge in what he calls "a principled approach". Instead of trying to make a complex system lens-based system weigh less, he clarified what the technology's goals really were: solving a high-resolution mapping problem between points in a 3D volume of the sample to points on the 2D surface of a camera. With that in mind, he set out to create a lightweight system that met those goals, without feeling constrained by the need to adapt on an image-preserving lens-based system.

"Everyone was using these multi-element heavy lenses, and trying to make them lighter," Vaziri says. " Instead of asking how to make lenses lighter, we solved an inverse problem and circumvented the issue, by developing an essentially lens-less strategy and freeing ourselves from the unnecessary constraints of lens-based image formation."

New thinking = new approach




Enter diffractive optical elements (DOEs). Unlike conventional lenses, which have a continuously curved surface to generate a spherical curvature of the wave front, DOEs use microstructures to manipulate light through diffraction, allowing for precise control of light waves. They are compact, lightweight, and effective. In microscopy, a traditional lens's function is to map the points in space on an object onto an image plane (like a camera sensor), ensuring that the image formed resembles the actual scene. However as one tries to form an image of larger and larger field of views while maintaining the resolution, the errors (optical aberrations) caused by a single lens necessitate more lens elements, resulting in a compound lens design.

Using DOEs, the Vaziri lab demonstrated that it is possible to map the positions between the scene and the sensor accurately without forming an image, and then use computational methods to reconstruct the original scene.

Without a hefty compound lens to weigh it down, the mini microscope weighs only 2.5 grams, and provides imaging that can capture broad sections of the mouse brain across a 3.6 x 3.6 mm2 field of view with 4 mm lateral resolution, 300 mm depth of field, and recording speed of 16 volumes per second. And most of its parts can be 3D printed, or make use of inexpensive, consumer-grade cell phone camera sensors. "If labs are interested, they could easily build these microscopes at low cost," Vaziri says.

Future iterations of the mini microscope may include wireless data transmission--the current model comes with cables that won't get in the way of a single mouse but could easily get tangled while observing multiple mice interacting with one another--and a fine-tuning of the tech to allow the observation of areas of the brain located deeper within the cortex.

"The system comes with some sacrifices, and is not nearly as high-performance as larger microscopes," Vaziri says. "But this is a key innovation, and one that could only have come from bringing fresh thinking to the problem and freeing oneself from perceived constraints."
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Researchers develop new training technique that aims to make AI systems less socially biased | ScienceDaily
An Oregon State University doctoral student and researchers at Adobe have created a new, cost-effective training technique for artificial intelligence systems that aims to make them less socially biased.


						
Eric Slyman of the OSU College of Engineering and the Adobe researchers call the novel method FairDeDup, an abbreviation for fair deduplication. Deduplication means removing redundant information from the data used to train AI systems, which lowers the high computing costs of the training.

Datasets gleaned from the internet often contain biases present in society, the researchers said. When those biases are codified in trained AI models, they can serve to perpetuate unfair ideas and behavior.

By understanding how deduplication affects bias prevalence, it's possible to mitigate negative effects -- such as an AI system automatically serving up only photos of white men if asked to show a picture of a CEO, doctor, etc. when the intended use case is to show diverse representations of people.

"We named it FairDeDup as a play on words for an earlier cost-effective method, SemDeDup, which we improved upon by incorporating fairness considerations," Slyman said. "While prior work has shown that removing this redundant data can enable accurate AI training with fewer resources, we find that this process can also exacerbate the harmful social biases AI often learns."

Slyman presented the FairDeDup algorithm last week in Seattle at the IEEE/CVF Conference on Computer Vision and Pattern Recognition.

FairDeDup works by thinning the datasets of image captions collected from the web through a process known as pruning. Pruning refers to choosing a subset of the data that's representative of the whole dataset, and if done in a content-aware manner, pruning allows for informed decisions about which parts of the data stay and which go.




"FairDeDup removes redundant data while incorporating controllable, human-defined dimensions of diversity to mitigate biases," Slyman said. "Our approach enables AI training that is not only cost-effective and accurate but also more fair."

In addition to occupation, race and gender, other biases perpetuated during training can include those related to age, geography and culture.

"By addressing biases during dataset pruning, we can create AI systems that are more socially just," Slyman said. "Our work doesn't force AI into following our own prescribed notion of fairness but rather creates a pathway to nudge AI to act fairly when contextualized within some settings and user bases in which it's deployed. We let people define what is fair in their setting instead of the internet or other large-scale datasets deciding that."

Collaborating with Slyman were Stefan Lee, an assistant professor in the OSU College of Engineering, and Scott Cohen and Kushal Kafle of Adobe.
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Researchers discover new flat electronic bands, paving way for advanced quantum materials | ScienceDaily

Quantum materials are governed by the rules of quantum mechanics, where electrons occupy unique energy states. These states form a ladder with the highest rung called the Fermi energy.

Electrons, being charged, repel each other and move in correlated ways. Si's team found that electron interactions can create new flat bands at the Fermi level, enhancing their importance.

"Most flat bands are located far from the Fermi energy, which limits their impact on the material's properties," said Si, the Harry C. and Olga K. Wiess Professor of Physics and Astronomy at Rice.

Typically, a particle's energy changes with its momentum. But in quantum mechanics, electrons can exhibit quantum interference, where their energy remains flat even when their momentum changes. These are known as flat bands.

"Flat electronic bands can enhance electron interactions, potentially creating new quantum phases and unusual low-energy behaviors," Si said.

These bands are especially sought after in transition metal ions called d-electron materials with specific crystal lattices, where they often show unique properties, Si said.




The team's findings suggest new ways to design these, which could inspire new applications for these materials in quantum bits, qubits and spintronics. Their research shows that electron interactions can link immobile and mobile electron states.

Using a theoretical model, the researchers demonstrated that these interactions can create a new type of Kondo effect, where immobile particles gain mobility by interacting with mobile electrons at the Fermi energy. The Kondo effect describes the scattering of conduction electrons in a metal due to magnetic impurities, resulting in a characteristic change in electrical resistivity with temperature.

"Quantum interference can enable the Kondo effect, allowing us to make significant progress," said Lei Chen, a Ph.D. student at Rice.

A key attribute of the flat bands is their topology, Chen said. "The flat bands pinned to the Fermi energy provide a means to realize new quantum states of matter," he said.

The team's research reveals that this includes anyons and Weyl fermions, or massless quasiparticles and fermions that carry an electric charge. The researchers found that anyons are promising agents for qubits, and materials that host Weyl fermions may find applications in spin-based electronics.

The study also highlights the potential for these materials to be very responsive to external signals and capable of advanced quantum control. The results indicate that the flat bands could lead to strongly correlated topological semimetals at relatively low temperatures potentially operating at high temperatures or even room temperature.

"Our work provides the theoretical foundation for utilizing flat bands in strongly interacting settings to design and control novel quantum materials that operate beyond the realm of low temperatures," Si said.

Contributors to this research include Fang Xie and Shouvik Sur, Rice postdoctoral associates of physics and astronomy; Haoyu Hu, Rice alumnus and postdoctoral fellow at Donostia International Physics Center; Silke Paschen, physicist at the Vienna University of Technology; and Jennifer Cano, theoretical physicist at Stony Brook University and the Flatiron Institute.
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Your future medications could be personalized for you on a 3D printer | ScienceDaily
Chocolate-flavored pills for children who hate taking medicine.


						
Several drugs combined into one daily pill for seniors who have trouble remembering to take their medications.

Drugs printed at your local pharmacy at personalized dosages that best suit your health needs.

These are just a few potential advantages of 3D drug printing, a new system for manufacturing drugs and treatments on-site at pharmacies, health care facilities and other remote locations.

In 2015, the Food and Drug Administration approved the first 3D-printed drug, Spritam (levetiracetam), for epilepsy. Several other manufacturers and drug companies are developing their own ones.

But the widespread adoption of 3D drug printing will require stringent quality control measures to ensure that people get the right medication and dosage. Even a tiny mismeasurement of a drug's ingredient during the printing process could endanger a patient's health.

In a new research paper, NIST research scientist Thomas P. Forbes assesses various approaches to ensuring that 3D drug printers work as designed. The journal article applies a "quality by design" analysis to evaluate the best procedures and protocols to ensure that 3D printers produce drugs at the correct dosages and with the correct mix of chemicals.

Though various methods exist for remotely printing drugs, Forbes focused on one of the most common: inkjet printers and similar systems that can print personalized medication on demand.

Like inkjet printers in homes, though larger, the printer has nozzles that deposit the drug's liquified materials, or inks, into tiny wells on a tray or directly into capsules. Through freeze-drying and other processes, the liquid can be turned into a tablet or powder poured into a capsule. It can also be evaporated onto a thin film that dissolves in the mouth.

Forbes' paper does not make any recommendations. Instead, his research identifies and tests several possible methods and techniques for maintaining quality control in 3D drug printing.
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Next platform for brain-inspired computing | ScienceDaily
Computers have come so far in terms of their power and potential, rivaling and even eclipsing human brains in their ability to store and crunch data, make predictions and communicate. But there is one domain where human brains continue to dominate: energy efficiency.


						
"The most efficient computers are still approximately four orders of magnitude -- that's 10,000 times -- higher in energy requirements compared to the human brain for specific tasks such as image processing and recognition, although they outperform the brain in tasks like mathematical calculations," said UC Santa Barbara electrical and computer engineering Professor Kaustav Banerjee, a world expert in the realm of nanoelectronics. "Making computers more energy efficient is crucial because the worldwide energy consumption by on-chip electronics stands at #4 in the global rankings of nation-wise energy consumption, and it is increasing exponentially each year, fueled by applications such as artificial intelligence." Additionally, he said, the problem of energy inefficient computing is particularly pressing in the context of global warming, "highlighting the urgent need to develop more energy-efficient computing technologies."

Neuromorphic (NM) computing has emerged as a promising way to bridge the energy efficiency gap. By mimicking the structure and operations of the human brain, where processing occurs in parallel across an array of low power-consuming neurons, it may be possible to approach brain-like energy efficiency. In a paper published in thejournal Nature Communications, Banerjee and co-workers Arnab Pal, Zichun Chai, Junkai Jiang and Wei Cao, in collaboration with researchers Vivek De and Mike Davies from Intel Labs propose such an ultra-energy efficient platform, using 2D transition metal dichalcogenide (TMD)-based tunnel-field-effect transistors (TFETs). Their platform, the researchers say, can bring the energy requirements to within two orders of magnitude (about 100 times) with respect to the human brain.

Leakage currents and subthreshold swing

The concept of neuromorphic computing has been around for decades, though the research around it has intensified only relatively recently. Advances in circuitry that enable smaller, denser arrays of transistors, and therefore more processing and functionality for less power consumption are just scratching the surface of what can be done to enable brain-inspired computing. Add to that an appetite generated by its many potential applications, such as AI and the Internet-of-Things, and it's clear that expanding the options for a hardware platform for neuromorphic computing must be addressed in order to move forward.

Enter the team's 2D tunnel-transistors. Emerging out of Banerjee's longstandingresearch efforts to develop high-performance, low-power consumption transistors to meet the growing hunger for processing without a matching increase in power requirement, these atomically thin, nanoscale transistors are responsive at low voltages, and as the foundation of the researchers' NM platform, can mimic the highly energy efficient operations of the human brain. In addition to lower off-state currents, the 2D TFETs also have a low subthreshold swing (SS), a parameter that describes how effectively a transistor can switch from off to on. According to Banerjee, a lower SS means a lower operating voltage, and faster and more efficient switching.

"Neuromorphic computing architectures are designed to operate with very sparse firing circuits," said lead author Arnab Pal, "meaning they mimic how neurons in the brain fire only when necessary." In contrast to the more conventional von Neumann architecture of today's computers, in which data is processed sequentially, memory and processing components are separated and which continuously draw power throughout the entire operation, an event-driven system such as a NM computer fires up only when there is input to process, and memory and processing are distributed across an array of transistors. Companies like Intel and IBM have developed brain-inspired platforms, deploying billions of interconnected transistors and generating significant energy savings.




However, there's still room for energy efficiency improvement, according to the researchers.

"In these systems, most of the energy is lost through leakage currents when the transistors are off, rather than during their active state," Banerjee explained. A ubiquitous phenomenon in the world of electronics, leakage currents are small amounts of electricity that flow through a circuit even when it is in the off state (but still connected to power). According to the paper, current NM chips use traditional metal-oxide-semiconductor field-effect transistors (MOSFETs) which have a high on-state current, but also high off-state leakage. "Since the power efficiency of these chips is constrained by the off-state leakage, our approach -- using tunneling transistors with much lower off-state current -- can greatly improve power efficiency," Banerjee said.

When integrated into a neuromorphic circuit, which emulates the firing and reset of neurons, the TFETs proved themselves more energy efficient than state-of-the-art MOSFETs, particularly the FinFETs (a MOSFET design that incorporates vertical "fins" as a way to provide better control of switching and leakage). TFETs are still in the experimental stage, however the performance and energy efficiency of neuromorphic circuits based on them makes them a promising candidate for the next generation of brain-inspired computing.

According to co-authors Vivek De (Intel Fellow) and Mike Davies (Director of Intel's Neuromorphic Computing Lab), "Once realized, this platform can bring the energy consumption in chips to within two orders of magnitude with respect to the human brain -- not accounting for the interface circuitry and memory storage elements. This represents a significant improvement from what is achievable today."

Eventually, one can realize three-dimensional versions of these 2D-TFET based neuromorphic circuits to provide even closer emulation of the human brain, added Banerjee, widely recognized as one of the key visionaries behind 3D integrated circuits that are now witnessing wide scale commercial proliferation.
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Wildfires increasingly threaten oil and gas drill sites, compounding potential health risks | ScienceDaily
More than 100,000 oil and gas wells across the western U.S. are in areas burned by wildfires in recent decades, a new study has found, and some 3 million people live next to wells that in the future could be in the path of fires worsened by climate change.


						
Researchers from the University of California, Berkeley, said their analysis, which was published last week in the journal One Earth, is the first to examine historical and projected wildfire threats on oil and gas facilities in the U.S. While the public health effects of scorched and damaged drill sites are unclear, researchers said the study is a necessary step toward understanding the potential compound hazards and could help inform policy about future drilling.

"Most of the oil wells in California are currently in wildfire threatened areas, and a lot of people live in those areas because of the history of oil and gas development in this state," said David J.X. Gonzalez, an assistant professor of environmental health sciences at UC Berkeley's School of Public Health. "The same issues that have been with us historically are still with us, and it looks like they might lead to new environmental justice issues that haven't really been explored."

Gonzalez, the paper's first author, pointed to Los Angeles and Kern counties as populated areas plumbed for oil and gas extraction and also at high risk of burning now or in the near future. In the past, fires in oil and gas fields not related to wildfires have caused blowouts, and leaks from gas storage tanks in Los Angeles have resulted in explosions that damaged buildings. Near Bakersfield, dozens of wells have been found to be leaking natural gas, some at explosive levels.

Since 1984, almost 350,000 people across the western U.S. have lived within 1 kilometer of a well that was inside a burn zone, researchers found. Asian, Black, Hispanic and Native American people have faced disproportionately high exposure to those wells affected primarily by a handful of megafires in California, Texas and Oklahoma.

Across the West today, nearly 3 million people live within 1 kilometer of a well that is projected to be in an area with an increased risk of burning in the coming decades. What's more, the number of wells in high-risk wildfire areas is predicted to nearly double by the end of the century.

That means more wells are being drilled in more areas expected to burn.




"I don't want to say, 'The sky is falling.' But there was more of an impact than we thought there was going to be," Gonzalez said. "When we put everything together, it starts to look like this is a problem that hasn't really been looked at in the past but has been worsening and will likely continue to worsen. It's concerning, particularly for people living near leaking wells."

While the confluence of fire and drilling isn't meant to be alarmist, Gonzalez said it is an example of compounding factors that hold unexplored, and potentially significant, health effects.

Gonzalez's past research explores the public health impacts of oil and gas development, particularly for marginalized groups that suffer disproportionate adverse health effects. When a 2021 fire in Colorado burned near an oil and gas operation, he and his colleagues pondered how often drill sites were blackened, if this could be a common occurrence in the future and how concerning the effects might be.

The team compiled and examined wildfire maps from 1984 to 2019 and analyzed oil and gas drilling records. By lining up where drill sites overlapped with burn areas, and adding population data, the researchers estimated how many people lived near affected wells.

While the health effects stemming from oil and gas wells are becoming increasingly known, there are minimal, if any, studies on the health effects of fires that burn oil and gas facilities. In densely populated areas where buildings burn in supercharged fires, oil and gas operations could complicate fire response efforts, Gonzalez said.

There are existing cautionary tales. Infernos like the 2018 Camp Fire in Northern California caused volatile organic compounds to leach from plastic pipes into the drinking water system.




Many toxic chemicals are already in use in oil fields, Gonzalez said. Little is known about what happens when those chemicals combine in smoke plumes that already pose serious health risks every year.

"We need additional protections in place to make sure that, as wildfires continue to come, we are protecting the places and the people near these industrial activities," Gonzalez said.

Setback rules that increase the distance between wells and places people live, work or attend school would be an effective intervention from a public health perspective, Gonzalez said. Additionally, public land managers should consider the long-term health effects and potential hazards of permitting wells in fire-prone areas.

"With an issue that we know is going to worsen as climate change progresses," Gonzalez said, "we have an opportunity to take proactive action to prevent future harms."
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Moving objects precisely with sound | ScienceDaily
In 2018, Arthur Ashkin won the Nobel Prize in Physics for inventing optical tweezers: laser beams that can be used to manipulate microscopic particles. While useful for many biological applications, optical tweezers require extremely controlled, static conditions to work properly.


						
"Optical tweezers work by creating a light 'hotspot' to trap particles, like a ball falling into a hole. But if there are other objects in the vicinity, this hole is difficult to create and move around," says Romain Fleury, head of the Laboratory of Wave Engineering in EPFL's School of Engineering.

Fleury and postdoctoral researchers Bakhtiyar Orazbayev and Matthieu Mallejac have spent the last four years trying to move objects in uncontrolled, dynamic environments using soundwaves. In fact, the team's method -- wave momentum shaping -- is entirely indifferent to an object's environment or even its physical properties. All the information that's required is the object's position, and the soundwaves do the rest.

"In our experiments, instead of trapping objects, we gently pushed them around, as you might guide a puck with a hockey stick," Fleury explains.

The unconventional method, funded by the Swiss National Science Foundation (SNSF) Spark program, has been published in Nature Physics in collaboration with researchers from the University of Bordeaux in France, Nazarbayev University in Kazakhstan, and the Vienna University of Technology in Austria.

Very simple, very promising

If soundwaves are the hockey stick in Fleury's analogy, then a floating object like a ping-pong ball is the puck. In the lab's experiments, the ball was floating on the surface of a large tank of water, and its position was captured by an overhead camera. Audible soundwaves emitted from a speaker array at either end of the tank directed the ball along a pre-determined path, while a second array of microphones 'listened' to the feedback, called a scattering matrix, as it bounced off of the moving ball. This scattering matrix, combined with the camera's positional data, allowed the researchers to calculate in real time the optimal momentum of the soundwaves as they nudged the ball along its path.




"The method is rooted in momentum conservation, which makes it extremely simple and general, and that's why it's so promising," Fleury says.

He adds that wave momentum shaping is inspired by the optical technique of wavefront shaping, which is used to focus scattered light, but this is the first application of the concept to moving an object. What's more, the team's method is not limited to moving spherical objects along a path: they also used it to control rotations, and to move more complex floaters like an origami lotus.

Mimicking conditions inside the body 

Once the scientists succeeded in guiding a ping-pong ball, they performed additional experiments with both stationary and moving obstacles designed to add inhomogeneity to the system. Successfully navigating the ball around these scattering objects demonstrated that wave momentum shaping could perform well even in dynamic, uncontrolled environments like a human body. Fleury adds that sound is a particularly promising tool for biomedical applications, as it is harmless and noninvasive.

"Some drug delivery methods already use soundwaves to release encapsulated drugs, so this technique is especially attractive for pushing a drug directly toward tumor cells, for example."

The method could also be a game-changer for biological analysis or tissue engineering applications where manipulating cells by touching them would cause damage or contamination. Fleury also sees 3D printing applications for wave momentum shaping, for example to arrange microscopic particles before solidifying them into an object.

Ultimately, the researchers believe their method could also work using light, but their next goal is to take their sound-based experiments from the macro- to micro-scale. They have already received SNSF funding to do experiments under a microscope, using ultrasonic waves to move cells around.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240625205634.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Telltale greenhouse gases could signal alien activity | ScienceDaily
If aliens modified a planet in their solar system to make it warmer, we'd be able to tell. A new UC Riverside study identifies the artificial greenhouse gases that would be giveaways of a terraformed planet.


						
A terraformed planet has been artificially made hospitable for life. The gases described in the study would be detectable even at relatively low concentrations in the atmospheres of planets outside our solar system using existing technology. This could include the James Webb Space Telescope, or a future European-led space telescope concept.

And while such pollutant gases must be controlled on Earth to prevent harmful climate effects, there are reasons they might be used intentionally on an exoplanet.

"For us, these gases are bad because we don't want to increase warming. But they'd be good for a civilization that perhaps wanted to forestall an impending ice age or terraform an otherwise-uninhabitable planet in their system, as humans have proposed for Mars," said UCR astrobiologist and lead study author Edward Schwieterman.

Since these gases are not known to occur in significant quantities in nature, they must be manufactured. Finding them, therefore, would be a sign of intelligent, technology-using life forms. Such signs are called technosignatures.

The five gases proposed by the researchers are used on Earth in industrial applications such as making computer chips. They include fluorinated versions of methane, ethane, and propane, along with gases made of nitrogen and fluorine or sulfur and fluorine. A new Astrophysical Journal paper details their merits as terraforming gases.

One advantage is that they are incredibly effective greenhouse gases. Sulfur hexafluoride, for example, has 23,500 times the warming power of carbon dioxide. A relatively small amount could heat a freezing planet to the point where liquid water could persist on its surface.




Another advantage of the proposed gases -- at least from an alien point of view -- is that they are exceptionally long-lived and would persist in an Earth-like atmosphere for up to 50,000 years. "They wouldn't need to be replenished too often for a hospitable climate to be maintained," Schwieterman said.

Others have proposed refrigerant chemicals, like CFCs, as technosignature gases because they are almost exclusively artificial and visible in Earth's atmosphere. However, CFCs may not be advantageous because they destroy the ozone layer, unlike the fully fluorinated gases discussed in the new paper, which are chemically inert.

"If another civilization had an oxygen-rich atmosphere, they'd also have an ozone layer they'd want to protect," Schwieterman said. "CFCs would be broken apart in the ozone layer even as they catalyzed its destruction."

As they're more easily broken apart, CFCs are also short-lived, making them harder to detect.

Finally, the fluorinated gases have to absorb infrared radiation to have an impact on the climate. That absorption produces a corresponding infrared signature that could be detectable with space-based telescopes. With current or planned technology, scientists could detect these chemicals in certain nearby exoplanetary systems.

"With an atmosphere like Earth's, only one out of every million molecules could be one of these gases, and it would be potentially detectable," Schwieterman said. "That gas concentration would also be sufficient to modify the climate."

To arrive at this calculation, the researchers simulated a planet in the TRAPPIST-1 system, about 40 light-years away from Earth. They chose this system, which contains seven known rocky planets, because it is one of the most studied planetary systems aside from our own. It is also a realistic target for existing space-based telescopes to examine.




The group also considered the European LIFE mission's ability to detect the fluorinated gases. The LIFE mission would be able to directly image planets using infrared light, allowing it to target more exoplanets than the Webb telescope, which looks at planets as they pass in front of their stars.

This work was done in collaboration with Daniel Angerhausen at Swiss Federal Institute of Technology/PlanetS, and with researchers at NASA's Goddard Space Flight Center, the Blue Marble Space Institute of Science, and Paris University.

While the researchers cannot quantify the likelihood of finding these gases in the near future, they are confident that -- if they are present -- it is entirely possible to detect them during currently planned missions to characterize planetary atmospheres.

"You wouldn't need extra effort to look for these technosignatures, if your telescope is already characterizing the planet for other reasons," said Schwieterman. "And it would be jaw-droppingly amazing to find them."

Other members of the research team echo not only enthusiasm for the potential of finding signs of intelligent life, but also for how much closer current technology has brought us to that goal.

"Our thought experiment shows how powerful our next-generation telescopes will be. We are the first generation in history that has the technology to systematically look for life and intelligence in our galactic neighborhood," added Angerhausen.
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Robots face the future | ScienceDaily
Researchers have found a way to bind engineered skin tissue to the complex forms of humanoid robots. This brings with it potential benefits to robotic platforms such as increased mobility, self-healing abilities, embedded sensing capabilities and an increasingly lifelike appearance. Taking inspiration from human skin ligaments, the team, led by Professor Shoji Takeuchi of the University of Tokyo, included special perforations in a robot face, which helped a layer of skin take hold. Their research could be useful in the cosmetics industry and to help train plastic surgeons.


						
Takeuchi is a pioneer in the field of biohybrid robotics, where biology and mechanical engineering meet. So far, his lab, the Biohybrid Systems Laboratory, has created mini robots that walk using biological muscle tissue, 3D printed lab-grown meat, engineered skin that can heal, and more. It was during research on the last of these items that Takeuchi felt the need to take the idea of robotic skin further to improve its properties and capabilities.

"During previous research on a finger-shaped robot covered in engineered skin tissue we grew in our lab, I felt the need for better adhesion between the robotic features and the subcutaneous structure of the skin," said Takeuchi. "By mimicking human skin-ligament structures and by using specially made V-shaped perforations in solid materials, we found a way to bind skin to complex structures. The natural flexibility of the skin and the strong method of adhesion mean the skin can move with the mechanical components of the robot without tearing or peeling away."

Previous methods to attach skin tissue to solid surfaces involved things like mini anchors or hooks, but these limited the kinds of surfaces that could receive skin coatings and could cause damage during motion. By carefully engineering small perforations instead, essentially any shape of surface can have skin applied to it. The trick the team employed was to use a special collagen gel for adhesion, which is naturally viscous so difficult to feed into the minuscule perforations. But using a common technique for plastic adhesion called plasma treatment, they managed to coax the collagen into the fine structures of the perforations while also holding the skin close to the surface in question.

"Manipulating soft, wet biological tissues during the development process is much harder than people outside the field might think. For instance, if sterility is not maintained, bacteria can enter and the tissue will die," said Takeuchi. "However, now that we can do this, living skin can bring a range of new abilities to robots. Self-healing is a big deal -- some chemical-based materials can be made to heal themselves, but they require triggers such as heat, pressure or other signals, and they also do not proliferate like cells. Biological skin repairs minor lacerations as ours does, and nerves and other skin organs can be added for use in sensing and so on."

This research was not just made to prove a point, though. Takeuchi and his lab have a goal in mind for this application that could help in several areas of medical research. The idea of an organ-on-a-chip is not especially new, and finds use in things like drug development, but something like a face-on-a-chip could be useful in research into skin aging, cosmetics, surgical procedures, plastic surgery and more. Also, if sensors can be embedded, robots may be endowed with better environmental awareness and improved interactive capabilities.

"In this study, we managed to replicate human appearance to some extent by creating a face with the same surface material and structure as humans," said Takeuchi. "Additionally, through this research, we identified new challenges, such as the necessity for surface wrinkles and a thicker epidermis to achieve a more humanlike appearance. We believe that creating a thicker and more realistic skin can be achieved by incorporating sweat glands, sebaceous glands, pores, blood vessels, fat and nerves. Of course, movement is also a crucial factor, not just the material, so another important challenge is creating humanlike expressions by integrating sophisticated actuators, or muscles, inside the robot. Creating robots that can heal themselves, sense their environment more accurately and perform tasks with humanlike dexterity is incredibly motivating."
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3D-printed chip sensor detects foodborne pathogens for safer products | ScienceDaily
Every so often, a food product is recalled because of some sort of contamination. For consumers of such products, a recall can trigger doubt in the safety and reliability of what they eat and drink. In many cases, a recall will come too late to keep some people from getting ill.


						
In spite of the food industry's efforts to fight pathogens, products are still contaminated and people still get sick. Much of the problem stems from the tools available to screen for harmful pathogens, which are often not effective enough at protecting the public.

In AIP Advances, by AIP Publishing, researchers from Guangdong University of Technology and Pudong New District People's Hospital developed a new method for detecting foodborne pathogens that is faster, cheaper, and more effective than existing methods. The researchers hope their technique can improve screening processes and keep contaminated food out of the hands of consumers.

Even with the best detection method, finding contaminating pathogens is not an easy task.

"Detecting these pathogens is challenging, due to their diverse nature and the various environments in which they can thrive," said author Silu Feng. "Additionally, low concentrations of pathogens in large food samples, the presence of similar non-pathogenic organisms, and the complex nature of different food types make accurate and rapid detection difficult."

Existing detection methods do exist, such as cell culture and DNA sequencing, but are challenging to employ at large scales. Not every batch of food can be thoroughly tested, so some contaminants inevitably slip through.

"Overall, these methods face limitations such as lengthy result times, the need for specialized equipment and trained personnel, and challenges in detecting multiple pathogens simultaneously, highlighting the need for improved detection techniques," said Feng.




The study's authors decided to take a different approach, designing a microfluidic chip that uses light to detect multiple types of pathogens simultaneously. Their chip is created using 3D printing, making it easy to fabricate in large amounts and modify to target specific pathogens.

The chip is split into four sections, each of which is tailored to detect a specific pathogen. If that pathogen is present in the sample, it will bind to a detection surface and change its optical properties. This arrangement let the researchers detect several common bacteria, such as E. coli, salmonella, listeria, and S. aureus, quickly and at very low concentrations.

"This method can quickly and effectively detect multiple different pathogens, and the detection results are easy to interpret, significantly improving detection efficiency," said Feng.

The team plans to continue developing their device to make it even more applicable for food screening.
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Marsquakes may help reveal whether liquid water exists underground on red planet | ScienceDaily
If liquid water exists today on Mars, it may be too deep underground to detect with traditional methods used on Earth. But listening to earthquakes that occur on Mars -- or marsquakes -- could offer a new tool in the search, according to a team led by Penn State scientists.


						
When quakes rumble and move through aquifers deep underground, they produce electromagnetic signals. The researchers reported in the journal JGR Planets how those signals, if also produced on Mars, could identify water miles under the surface. The study may lay the groundwork for future analyses of data from Mars missions, according to Nolan Roth, a doctoral candidate in the Department of Geosciences at Penn State and lead author.

"The scientific community has theories that Mars used to have oceans and that, over the course of its history, all that water went away," Roth said. "But there is evidence that some water is trapped somewhere in the subsurface. We just haven't been able to find it. The idea is, if we can find these electromagnetic signals, then we find water on Mars."

If scientists want to find water on Earth, they can use tools like ground-penetrating radar to map the subsurface. But this technology is not effective miles under the surface, depths where water may be on Mars, the scientists said.

Instead, the researchers recommend a novel application of the seismoelectric method, a newer technique developed to non-invasively characterize Earth's subsurface. When seismic waves from an earthquake move through an aquifer underground, differences in how rocks and water move produce electromagnetic fields. These signals, which can be heard by sensors on the surface, can reveal information about aquifer depth, volume, location and chemical compositions, according to the researchers.

"If we listen to the marsquakes that are moving through the subsurface, if they pass through water, they'll create these wonderful, unique signals of electromagnetic fields," Roth said. "These signals would be diagnostic of current, modern-day water on Mars."

On water-rich Earth, using this method to identify active aquifers is challenging because water exists in the subsurface even outside of aquifers, creating other electric signals as seismic waves move through the ground. This background noise must be separated from the aquifers' signals, the scientists said, for accurate identification and characterization.




"On Mars, where the near-surface is certainly desiccated, no such separation is needed," said Tieyuan Zhu, associate professor of geosciences at Penn State and Roth's adviser and co-author. "In contrast to how seismoelectric signals often appear on Earth, Mars' surface naturally removes the noise and exposes useful data that allows us to characterize several aquifer properties."

The researchers created a model of the Martian subsurface and added aquifers to simulate how the seismoelectric method would perform. They found they could successfully use the technique to analyze details about the aquifers, including how thick or thin they are and their physical and chemical properties, like salinity.

"If we can understand the signals, we can go back and characterize the aquifers themselves," Roth said. "And that would give us more constraints than we've ever had before for understanding water on Mars today and how it has changed over the last 4 billion years. And that would be a big step ahead."

Roth said future work will -- surprisingly -- involve analyzing data already collected on Mars.

NASA's Insight lander, launched in 2018, delivered a seismometer to Mars that has been listening to marsquakes and mapping the subsurface. But seismometers have difficulty distinguishing water from gas or less dense rock.

However, the mission also included a magnetometer as a diagnostic tool to help the seismometer. Combing data from the magnetometer and the seismometer could reveal seismoelectric signals, the scientists said.




Sending a dedicated magnetometer meant to conduct scientific experiments on future NASA missions could potentially produce even better results, the researchers said.

"This shouldn't be limited to Mars -- the technique has potential, for example, to measure the thickness of icy oceans on a moon of Jupiter," Zhu said. "The message we want to give the community is there is this promising physical phenomena -- which received less attention in the past -- that may have great potential for planetary geophysics."

Yongxin Gao, professor at Hefei University of Technology in China, also contributed.

The Penn State E. Willard and Ruby S. Miller Fellowship and the National Natural Science Foundation of China supported researchers involved on this work.
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First of its kind detection made in striking new Webb image | ScienceDaily
For the first time, a phenomenon astronomers have long hoped to directly image has been captured by NASA's James Webb Space Telescope's Near-Infrared Camera (NIRCam). In this stunning image of the Serpens Nebula, the discovery lies in the northern area (seen at the upper left) of this young, nearby star-forming region.


						
Astronomers found an intriguing group of protostellar outflows, formed when jets of gas spewing from newborn stars collide with nearby gas and dust at high speeds. Typically these objects have varied orientations within one region. Here, however, they are slanted in the same direction, to the same degree, like sleet pouring down during a storm.

The discovery of these aligned objects, made possible due to Webb's exquisite spatial resolution and sensitivity in near-infrared wavelengths, is providing information into the fundamentals of how stars are born.

"Astronomers have long assumed that as clouds collapse to form stars, the stars will tend to spin in the same direction," said principal investigator Klaus Pontoppidan, of NASA's Jet Propulsion Laboratory in Pasadena, California. "However, this has not been seen so directly before. These aligned, elongated structures are a historical record of the fundamental way that stars are born."

So just how does the alignment of the stellar jets relate to the rotation of the star? As an interstellar gas cloud crashes in on itself to form a star, it spins more rapidly. The only way for the gas to continue moving inward is for some of the spin (known as angular momentum) to be removed. A disk of material forms around the young star to transport material down, like a whirlpool around a drain. The swirling magnetic fields in the inner disk launch some of the material into twin jets that shoot outward in opposite directions, perpendicular to the disk of material.

In the Webb image, these jets are signified by bright clumpy streaks that appear red, which are shockwaves from the jet hitting surrounding gas and dust. Here, the red color represents the presence of molecular hydrogen and carbon monoxide.

"This area of the Serpens Nebula -- Serpens North -- only comes into clear view with Webb," said lead author Joel Green of the Space Telescope Science Institute in Baltimore. "We're now able to catch these extremely young stars and their outflows, some of which previously appeared as just blobs or were completely invisible in optical wavelengths because of the thick dust surrounding them."

Astronomers say there are a few forces that potentially can shift the direction of the outflows during this period of a young star's life. One way is when binary stars spin around each other and wobble in orientation, twisting the direction of the outflows over time.




Stars of the Serpens

The Serpens Nebula, located 1,300 light-years from Earth, is only one or two million years old, which is very young in cosmic terms. It's also home to a particularly dense cluster of newly forming stars (~100,000 years old), seen at the center of this image. Some of these stars will eventually grow to the mass of our Sun.

"Webb is a young stellar object-finding machine," Green said. "In this field, we pick up sign posts of every single young star, down to the lowest mass stars."

"It's a very complete picture we're seeing now," added Pontoppidan.

So, throughout the region in this image, filaments and wisps of different hues represent reflected starlight from still-forming protostars within the cloud. In some areas, there is dust in front of that reflection, which appears here with an orange, diffuse shade.

This region has been home to other coincidental discoveries, including the flapping "Bat Shadow," which earned its name when 2020 data from NASA's Hubble Space Telescope revealed a star's planet-forming disk to flap, or shift. This feature is visible at the center of the Webb image.




Future Studies

The new image, and serendipitous discovery of the aligned objects, is actually just the first step in this scientific program. The team will now use Webb's NIRSpec (Near-Infrared Spectrograph) to investigate the chemical make-up of the cloud.

The astronomers are interested in determining how volatile chemicals survive star and planet formation. Volatiles are compounds that sublimate, or transition from a solid directly to a gas, at a relatively low temperature -- including water and carbon monoxide. They'll then compare their findings to amounts found in protoplanetary disks of similar-type stars.

"At the most basic form, we are all made of matter that came from these volatiles. The majority of water here on Earth originated when the Sun was an infant protostar billions of years ago," Pontoppidan said. "Looking at the abundance of these critical compounds in protostars just before their protoplanetary disks have formed could help us understand how unique the circumstances were when our own solar system formed."

These observations were taken as part of General Observer program 1611. The team's initial results have been accepted in the Astrophysical Journal.

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).
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Meet CARMEN, a robot that helps people with mild cognitive impairment | ScienceDaily
Meet CARMEN, short for Cognitively Assistive Robot for Motivation and Neurorehabilitation-a small, tabletop robot designed to help people with mild cognitive impairment (MCI) learn skills to improve memory, attention, and executive functioning at home.


						
Unlike other robots in this space, CARMEN was developed by the research team at the University of California San Diego in collaboration with clinicians, people with MCI, and their care partners. To the best of the researchers' knowledge, CARMEN is also the only robot that teaches compensatory cognitive strategies to help improve memory and executive function.

"We wanted to make sure we were providing meaningful and practical inventions," said Laurel Riek, a professor of computer science and emergency medicine at UC San Diego and the work's senior author.

MCI is an in-between stage between typical aging and dementia. It affects various areas of cognitive functioning, including memory, attention, and executive functioning. About 20% of individuals over 65 have the condition, with up to 15% transitioning to dementia each year. Existing pharmacological treatments have not been able to slow or prevent this evolution, but behavioral treatments can help.

Researchers programmed CARMEN to deliver a series of simple cognitive training exercises. For example, the robot can teach participants to create routine places to leave important objects, such as keys; or learn note taking strategies to remember important things. CARMEN does this through interactive games and activities.

The research team designed CARMEN with a clear set of criteria in mind. It is important that people can use the robot independently, without clinician or researcher supervision. For this reason, CARMEN had to be plug and play, without many moving parts that require maintenance. The robot also has to be able to function with limited access to the internet, as many people do not have access to reliable connectivity. CARMEN needs to be able to function over a long period of time. The robot also has to be able to communicate clearly with users; express compassion and empathy for a person's situation; and provide breaks after challenging tasks to help sustain engagement.

Researchers deployed CARMEN for a week in the homes of several people with MCI, who then engaged in multiple tasks with the robot, such as identifying routine places to leave household items so they don't get lost, and placing tasks on a calendar so they won't be forgotten. Researchers also deployed the robot in the homes of several clinicians with experience working with people with MCI. Both groups of participants completed questionnaires and interviews before and after the week-long deployments.




After the week with CARMEN, participants with MCI reported trying strategies and behaviors that they previously had written off as impossible. All participants reported that using the robot was easy. Two out of the three participants found the activities easy to understand, but one of the users struggled. All said they wanted more interaction with the robot.

"We found that CARMEN gave participants confidence to use cognitive strategies in their everyday life, and participants saw opportunities for CARMEN to exhibit greater levels of autonomy or be used for other applications," the researchers write.

The research team presented their findings at the ACM/IEEE Human Robot Interaction (HRI) conference in March 2024, where they received a best paper award nomination.

Next steps

Next steps include deploying the robot in a larger number of homes.

Researchers also plan to give CARMEN the ability to have conversations with users, with an emphasis on preserving privacy when these conversations happen. This is both an accessibility issue (as some users might not have the fine motor skills necessary to interact with CARMEN's touch screen), as well as because most people expect to be able to have conversations with systems in their homes. At the same time, researchers want to limit how much information CARMEN can give users. "We want to be mindful that the user still needs to do the bulk of the work, so the robot can only assist and not give too many hints," Riek said.

Researchers are also exploring how CARMEN could assist users with other conditions, such as ADHD.

The UC San Diego team built CARMEN based on the FLEXI robot from the University of Washington. But they made substantial changes to its hardware, and wrote all its software from scratch. Researchers used ROS for the robot's operating system.

Many elements of the project are available at https://github.com/UCSD-RHC-Lab/CARMEN
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Geologists expect Chang'e-6 lunar surface samples to contain volcanic rock and impact ejecta | ScienceDaily
On June 25, China's Chang'e-6 (CE-6) lunar probe is set to return to Earth, carrying the first surface samples collected from the farside of the Moon. In anticipation of this historic event, scientists from the Institute of Geology and Geophysics at the Chinese Academy of Sciences are publishing their predictions for the unique materials that may be found in the CE-6 samples in the journal The Innovation.


						
Based on the geological characteristics of the probe's landing site, the researchers anticipate that the returned surface samples will consist of 2.5-million-year-old volcanic rock combined with small amounts of material generated by nearby meteorite strikes. There is also the possibility that evidence of distant impacts will be found in the samples.

"There are significant differences between the farside and the nearside of the Moon in terms of lunar crustal thickness, volcanic activity, composition, etc., especially considering that CE-6 landed on the South Polar-Aitkin (SPA) basin, the special terrane of the Moon," says first author Zongyu Yue, a geologist at the Chinese Academy of Sciences. "The CE-6 samples, being the first obtained from the farside of the Moon, are expected to answer one of the most fundamental scientific questions in lunar science research: what geologic activity is responsible for the differences between the two sides?"

Nearly 3 weeks ago, on June 2, CE-6 landed in the Apollo Crater, located at the edge of the largest depression on the Moon known as the SPA basin. The probe used core drilling and surface scooping to collect rocks and minerals that are likely to contain traces of early meteorite impacts. The data will reveal how far ejecta from early collisions spread across the Moon and whether there are any differences compared to what's been recorded on the asymmetrical nearside.

"My greatest hope is that the CE-6 samples contain some impact melts (fragments generated when smaller bodies crashing into the Moon) from the Apollo Crater and the SPA basin, which can provide crucial constraints on the early impact flux of the Moon," says Yue. "Once this information is obtained, it will not only help clarify the role of early lunar meteorite impacts on the Moon's evolution, but also be of great significance in analyzing the early impact history of the inner solar system."

With 10 successful lunar sample return missions conducted on the nearside of the Moon, the CE-6 lunar probe samples represent the first collected from the farside of the Moon. Researchers expect their analysis in the coming months and years to contribute to a more comprehensive understanding of lunar evolution.

The study was supported by the National Key Research and Development Program of China, the Chinese Academy of Sciences, and Key Research Programs of IGGCAS.
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Researchers develop RNA-targeting technology for precisely manipulating parts of human genes | ScienceDaily
Researchers at the University of Toronto have harnessed a bacterial immune defense system, known as CRISPR, to efficiently and precisely control the process of RNA splicing.


						
The technology opens the door to new applications, including systematically interrogating the functions of parts of genes and correcting splicing deficiencies that underlie numerous diseases and disorders.

"Almost all human genes produce RNA transcripts that undergo the process of splicing, whereby coding segments, called exons, are joined together and non-coding segments, called introns, are removed and typically degraded," said Jack Daiyang Li, first author on the study and PhD student of molecular genetics, working in the labs of Benjamin Blencowe and Mikko Taipale at U of T's Donnelly Centre for Cellular and Biomolecular Research.

Exons can be alternatively spliced, such that the regulation and function of the approximately 20,000 human genes that encode proteins are greatly diversified, allowing the development and functional specialization of different types of cells.

However, it is unclear what most exons or introns do, and the mis-regulation of normal alternative splicing patterns is a frequent cause or contributing factor to various diseases, such as cancers and brain disorders. However, existing methods that allow for the precise and efficient manipulation of splicing have been lacking.

In the new research study, a catalytically-deactivated version of an RNA targeting CRISPR protein, referred to as dCasRx, was joined to more than 300 splicing factors to discover a fusion protein, dCasRx-RBM25. This protein is capable of activating or repressing alternative exons in an efficient and targeted manner.

"Our new effector protein activated alternative splicing of around 90 percent of tested target exons," said Li. "Importantly, it is capable of simultaneously activating and repressing different exons to examine their combined functions."

This multi-level manipulation will facilitate the experimental testing of functional interactions between alternatively spliced variants from genes to determine their combined roles in critical developmental and disease processes.




"Our new tool makes possible a broad range of applications, from studying gene function and regulation, to potentially correcting splicing defects in human disorders and diseases," said Blencowe, principal investigator on the study, Canada Research Chair in RNA Biology and Genomics, Banbury Chair in Medical Research and professor of molecular genetics at the Donnelly Centre and the Temerty Faculty of Medicine.

"We have developed a versatile engineered splicing factor that outperforms other available tools in the targeted control of alternative exons," said Taipale, also principal investigator on the study, Canada Research Chair in Functional Proteomics and Proteostasis, Anne and Max Tanenbaum Chair in Molecular Medicine and associate professor of molecular genetics at the Donnelly Centre and Temerty Medicine. "It is also important to note that target exons are perturbed with remarkably high specificity by this splicing factor, which alleviates concerns about possible off-target effects."

The researchers now have a tool in hand to systematically screen alternative exons to determine their roles in cell survival, cell type specification and gene expression.

When it comes to the clinic, the splicing tool has potential to be used to treat numerous human disorders and diseases, such as autism and cancers, in which splicing is often disrupted.

This research was supported by the Canadian Institutes of Health Research and the Simons Foundation.
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Whoever controls electrolytes will pave the way for electric vehicles | ScienceDaily
Professor Soojin Park, Seoha Nam, a PhD candidate, and Dr. Hye Bin Son from the Department of Chemistry at Pohang University of Science and Technology (POSTECH) have achieved a breakthrough in creating a gel electrolyte-based battery that is both stable and commercially viable. Their research was recently published in the international journal Small.


						
Lithium-ion batteries are extensively utilized in portable electronics and energy storage including electric vehicles. However, the liquid electrolytes used in these batteries pose a significant risk of fire and explosion, prompting ongoing research efforts to find safer alternatives. One alternative is the semi-solid-state battery which represents a middle ground between traditional lithium-ion batteries with liquid electrolytes and solid-state batteries. By using a gel-like electrolyte, these batteries offer enhanced stability, energy density, and a relatively longer lifespan.

Creating gel electrolytes typically involves a prolonged heat treatment at high temperatures, which can degrade the electrolyte, leading to diminished battery performance and increased production costs. Additionally, the interface resistance between the semi-solid electrolyte and the electrode poses a challenge in the fabrication process. Previous studies have encountered limitations in applying their findings directly to current commercial battery production lines due to complex fabrication methods and issues with large-scale applications.

Professor Soojin Park's team tackled these challenges using a bifunctional cross-linkable additive (CIA), dipentaerythritol hexaacrylate (DPH), combined with electron beam (e-beam) technology. The conventional pouch-type battery manufacturing process includes the electrode preparation, electrolyte injection and assembly, activation, and degassing steps. However, the researchers enhanced DPH's dual functionality by simply introducing an additional e-beam irradiation step after the degassing process. The CIA acted as both an additive to facilitate a stable interface between the anode and cathode surfaces during activation and as a crosslinker to form a polymer structure during the e-beam irradiation process.

The team's pouch-type battery, employing a gel electrolyte, significantly reduced gas generation from battery side reactions during initial charging and discharging processes, achieving a 2.5-fold decrease compared to conventional batteries. Furthermore, it effectively minimized interfacial resistance due to strong compatibility between electrodes and the gel electrolyte.

Subsequently, the researchers developed a high-capacity battery of 1.2 Ah (ampere-hour) and tested its performance at 55 degrees Celsius, an environment that accelerates electrolyte decomposition. In this condition, batteries using conventional electrolytes experienced substantial gas generation, leading a rapid reduction in capacity with swelling of the battery after 50 cycles. In contrast, the team's battery showed no gas generation and maintained a 1 Ah capacity even after 200 cycles, demonstrating its enhanced safety and durability.

This research is particularly significant because it enables both the safety and commercial viability of gel electrolyte-based batteries to be rapidly mass-produced within existing pouch battery production lines.

Professor Soojin Park of POSTECH commented, "This achievement in stability and commercial viability is poised to be a breakthrough in the electric vehicle industry." He added, "We hope this advancement will greatly benefit not only electric vehicles but also a wide range of other applications that rely on lithium-ion batteries."

The research was conducted with support from the Mid-Career Research Program of the National Research Foundation of Korea.
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Drivers ready to embrace wireless EV technology | ScienceDaily
Dynamic wireless charging technology allows electric vehicles to charge while in motion, offering a promising solution to the limitations of fixed charging stations. Although it's not available yet, how do Kiwi drivers feel about this innovative technology?


						
A survey of 1150 existing and prospective electric vehicle (EV) drivers shows that although people have concerns about the safety and charging cost of dynamic wireless charging, it's viewed positively overall.

On-road charging systems could revolutionise how we think about EV charging, making it more convenient and less time-consuming for users, say the University of Auckland researchers behind the study: Analysing electric vehicle users' intention to use dynamic wireless charging facilities: A study from New Zealand.

Doctoral candidate Ramesh Majhi, senior lecturer Prakash Ranjitkar (Faculty of Engineering) and senior research fellow Selena Sheng (Business School) designed a survey to explore people's views of wireless charging technology.

The results showed that 93 percent of respondents are optimistic about dynamic wireless charging technology and would like to try it in the future.

The most compelling advantage of wireless charging, according to those surveyed, is its usefulness, mainly due to the ease and convenience it offers to EV users, potentially transforming the current charging experience by complementing stationary charging stations.

The study shows that people who prioritise sustainability are more inclined to support and use dynamic wireless EV charging.




Additionally, urban users are more likely to adopt the technology than their rural counterparts.

Social influences, including the behaviour and choices of peers, were also found to affect drivers' decisions to use the tech.

But despite the overall enthusiasm, the findings reveal concerns about data privacy, electromagnetic radiation and the potential costs associated with the adoption and use of wireless in-road technology.

"Dynamic wireless charging may not be practical for meeting urban transportation demands. However, it offers significant advantages for intercity travel by reducing EV drivers' reliance on plug-in charging stations that often cause detours on highways," says primary investigator Dr Majhi.

The study insights are crucial for developing effective measures and policies for the successful integration of dynamic wireless charging into the transportation network, says Dr Sheng.

"The movement toward adopting EVs for their sustainability in reducing greenhouse gas emissions faces hurdles regarding inadequate charging infrastructure.

"This is where in-road charging lanes will be of benefit, and it's essential for policymakers to know how best to manage the rollout of this kind of technology in future and to ensure people's concerns are understood, and hopefully alleviated."
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Novel application of optical tweezers: Colorfully showing molecular energy transfer | ScienceDaily
A novel technique with potential applications for fields such as droplet chemistry and photochemistry has been demonstrated by an Osaka Metropolitan University-led research group.


						
Professor Yasuyuki Tsuboi of the Graduate School of Science and the team investigated Forster resonance energy transfer (FRET), a phenomenon seen in photosynthesis and other natural processes where a donor molecule in an excited state transfers energy to an acceptor molecule.

Using dyes to mark the donor and acceptor molecules, the team set out to see if FRET could be controlled by the intensity of an optical force, in this case a laser beam. By focusing a laser beam on an isolated polymer droplet, the team showed that increased intensity accelerated the energy transfer, made visible by the polymer changing color due to the dyes mixing.

Fluorescence could also be controlled just by adjusting the laser intensity without touching the sample, offering a novel non-contact approach.

"Although this research is still at a basic stage, it may provide new options for a variety of future FRET research applications," Professor Tsuboi explained. "We believe that extending this to quantum dots as well as new polymer systems and fluorescent molecules is the next challenge."
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International collaboration lays the foundation for future AI for materials | ScienceDaily
Artificial intelligence (AI) is accelerating the development of new materials. A prerequisite for AI in materials research is large-scale use and exchange of data on materials, which is facilitated by a broad international standard. A major international collaboration now presents an extended version of the OPTIMADE standard.


						
New technologies in areas such as energy and sustainability involving for example batteries, solar cells, LED lighting and biodegradable materials require new materials. Many researchers around the world are working to create materials that have not existed before. But there are major challenges in creating materials with the exact properties required, such as not containing environmentally hazardous substances and at the same time being durable enough to not break down.

"We're now seeing an explosive development where researchers in materials science are adopting AI methods from other fields and also developing their own models to use in materials research. Using AI to predict properties of different materials opens up completely new possibilities," says Rickard Armiento, associate professor at the Department of Physics, Chemistry and Biology (IFM) at Linkoping University in Sweden.

Today, many demanding simulations are performed on supercomputers that describe how electrons move in materials, which gives rise to different material properties. These advanced calculations yield large amounts of data that can be used to train machine learning models.

These AI models can then immediately predict the responses to new calculations that have not yet been made, and by extension predict the properties of new materials. But huge amounts of data are required to train the models.

"We're moving into an era where we want to train models on all data that exist," says Rickard Armiento.

Data from large-scale simulations, and general data about materials, are collected in large databases. Over time, many such databases have emerged from different research groups and projects, like isolated islands in the sea. They work differently and often use properties that are defined in different ways.

"Researchers at universities or in industry who want to map materials on a large scale or want to train an AI model must retrieve information from these databases. Therefore, a standard is needed so that users can communicate with all these data libraries and understand the information they receive," says Gian-Marco Rignanese, professor at the Institute of Condensed Matter and Nanosciences at UCLouvain in Belgium.

The OPTIMADE (Open databases integration for materials design) standard has been developed over the past eight years. Behind this standard is a large international network with over 30 institutions worldwide and large materials databases in Europe and the USA. The aim is to give users easier access to both leading and lesser-known materials databases. A new version of the standard, v1.2, is now being released, and is described in an article published in the journal Digital Discovery. One of the biggest changes in the new version is a greatly enhanced possibility to accurately describe different material properties and other data using common, well-founded definitions.

The international collaboration spans the EU, the UK, the US, Mexico, Japan and China together with institutions such as Ecole Polytechnique Federale de Lausanne (EPFL), University of California Berkeley, University of Cambridge, Northwestern University, Duke University, Paul Scherrer Institut, and Johns Hopkins University. Much of the collaboration takes place in meetings with annual workshops funded by CECAM (Centre Europeen de Calcul Atomique et Moleculaire) in Switzerland, with the first one funded by the Lorentz Center in the Netherlands. Other activities have been supported by the organisation Psi-k, the competence centre NCCR MARVEL in Switzerland, and the e-Science Research Centre (SeRC) in Sweden. The researchers in the collaboration receive support from many different financiers.
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New study confirms forever chemicals are absorbed through human skin | ScienceDaily
A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.


						
New research, published today in Environment International proves for the first time that a wide range of PFAS (perfluoroalkyl substances) -- chemicals which do not break down in nature -- can permeate the skin barrier and reach the body's bloodstream.

PFAS are used widely in industries and consumer products from school uniforms to personal care products because of their water and stain repellent properties. While some substances have been banned by government regulation, others are still widely used and their toxic effects have not yet been fully investigated.

PFAS are already known to enter the body through other routes, for example being breathed in or ingested via food or drinking water, and they are known to cause adverse health effects such as a lowered immune response to vaccination, impaired liver function and decreased birth weight.

It has commonly been thought that PFAS are unable to breach the skin barrier, although recent studies have shown links between the use of personal care products and PFAS concentrations in human blood and breast milk. The new study is the most comprehensive assessment yet undertaken of the absorption of PFAS into human skin and confirms that most of them can enter the body via this route.

Lead author of the study, Dr Oddny Ragnarsdottir carried out the research while studying for her PhD at the University of Birmingham. She explained: "The ability of these chemicals to be absorbed through skin has previously been dismissed because the molecules are ionised. The electrical charge that gives them the ability to repel water and stains was thought to also make them incapable of crossing the skin membrane.

"Our research shows that this theory does not always hold true and that, in fact, uptake through the skin could be a significant source of exposure to these harmful chemicals."

The researchers investigated 17 different PFAS. The compounds selected were among those most widely used, and most widely studied for their toxic effects and other ways through which humans might be exposed to them. Most significantly, they correspond to chemicals regulated by the EU's Drinking Water Directive.




In their experiments the team used 3D human skin equivalent models -- multilayered laboratory grown tissues that mimic the properties of normal human skin, meaning the study could be carried out without using any animals. They applied samples of each chemical to measure what proportions were absorbed, unabsorbed, or retained within the models.

Of the 17 PFAS tested, the team found 15 substances showed substantial dermal absorption -- at least 5% of the exposure dose. At the exposure doses examined, absorption into the bloodstream of the most regulated PFAS (perfluoro octanoic acid (PFOA)) was 13.5% with a further 38% of the applied dose retained within the skin for potential longer-term uptake into the circulation.

The amount absorbed seemed to correlate with the length of the carbon chain within the molecule. Substances with longer carbon chains showed lower levels of absorption, while compounds with shorter chains that were introduced to replace longer carbon chain PFAS like PFOA, were more easily absorbed. Absorption of perfluoro pentanoic acid for example was four times that of PFOA at 59%.

Study co-author, Dr Mohamed Abdallah, said "our study provides first insight into significance of the dermal route as pathway of exposure to a wide range of forever chemicals. Given the large number of existing PFAS, it is important that future studies aim to assess the risk of broad ranges of these toxic chemicals, rather than focusing on one chemical at a time."

Study co-author, Professor Stuart Harrad, of the University of Birmingham's School of Geography, Earth and Environmental Sciences, added: "This study helps us to understand how important exposure to these chemicals via the skin might be and also which chemical structures might be most easily absorbed. This is important because we see a shift in industry towards chemicals with shorter chain lengths because these are believed to be less toxic -- however the trade-off might be that we absorb more of them, so we need to know more about the risks involved."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240624125549.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers engineer AI path to prevent power outages | ScienceDaily
University of Texas at Dallas researchers have developed an artificial intelligence (AI) model that could help electrical grids prevent power outages by automatically rerouting electricity in milliseconds.


						
The UT Dallas researchers, who collaborated with engineers at the University at Buffalo in New York, demonstrated the automated system in a study published online June 4 in Nature Communications.

The approach is an early example of "self-healing grid" technology, which uses AI to detect and repair problems such as outages autonomously and without human intervention when issues occur, such as storm-damaged power lines.

The North American grid is an extensive, complex network of transmission and distribution lines, generation facilities and transformers that distributes electricity from power sources to consumers.

Using various scenarios in a test network, the researchers demonstrated that their solution can automatically identify alternative routes to transfer electricity to users before an outage occurs. AI has the advantage of speed: The system can automatically reroute electrical flow in microseconds, while current human-controlled processes to determine alternate paths could take from minutes to hours.

"Our goal is to find the optimal path to send power to the majority of users as quickly as possible," said Dr. Jie Zhang, associate professor of mechanical engineering in the Erik Jonsson School of Engineering and Computer Science. "But more research is needed before this system can be implemented."

Zhang, who is co-corresponding author of the study, and his colleagues used technology that applies machine learning to graphs in order to map the complex relationships between entities that make up a power distribution network. Graph machine learning involves describing a network's topology, the way the various components are arranged in relation to each other and how electricity moves through the system.




Network topology also may play a critical role in applying AI to solve problems in other complex systems, such as critical infrastructure and ecosystems, said study co-author Dr. Yulia Gel, professor of mathematical sciences in the School of Natural Sciences and Mathematics.

"In this interdisciplinary project, by leveraging our team expertise in power systems, mathematics and machine learning, we explored how we can systematically describe various interdependencies in the distribution systems using graph abstractions," Gel said. "We then investigated how the underlying network topology, integrated into the reinforcement learning framework, can be used for more efficient outage management in the power distribution system."

The researchers' approach relies on reinforcement learning that makes the best decisions to achieve optimal results. Led by co-corresponding author Dr. Souma Chowdhury, associate professor of mechanical and aerospace engineering, University at Buffalo researchers focused on the reinforcement learning aspect of the project.

If electricity is blocked due to line faults, the system is able to reconfigure using switches and draw power from available sources in close proximity, such as from large-scale solar panels or batteries on a university campus or business, said Roshni Anna Jacob, a UTD electrical engineering doctoral student and the paper's co-first author.

"You can leverage those power generators to supply electricity in a specific area," Jacob said.

After focusing on preventing outages, the researchers will aim to develop similar technology to repair and restore the grid after a power disruption.
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A hidden treasure in the Milky Way -- Astronomers uncover ultrabright x-ray source | ScienceDaily
X-ray binaries are intriguing systems consisting of two celestial bodies: a normal star and a compact, dead object such as a black hole or a neutron star that sucks material from its stellar companion. A few hundred such sources have been identified thus far in our Galaxy. When it comes to the most powerful phenomena in the Universe, the release of gravitational energy in X-ray binary systems stands out as a highly efficient process.


						
Among the first X-ray binary systems discovered in the cosmos is the system Cygnus X-3. Since the early 1970s, this binary system was noted for its ability to briefly emerge as one of the most intense radio sources, yet in a few days it dims or vanishes altogether. This peculiar characteristic spurred early efforts, coordinated by telephone calls, to unite astronomical observations across the globe. The unique behavior of the system during these short-lived, highly energetic events, contrasting its otherwise "normal" nature, led to it being dubbed the "astronomical puzzle Cygnus X-3" by R.M. Hjellming in 1973. Numerous efforts have been aimed at understanding its nature ever since.

The breakthrough in unravelling this puzzle has been achieved thanks to the study of this system with the satellite Imaging X-ray Polarimetry Explorer (IXPE) that was launched by NASA in December 2021. According to Alexandra Veledina, an Academy Research Fellow at the University of Turku in Finland and the lead author of the study, the use of X-ray polarized vision has provided insights into the configuration of matter surrounding the compact object in the nearest proximity to the black hole.

"We have discovered that the compact object is surrounded by an envelope of a dense, opaque matter. The light that we observe is a reflection off the inner funnel walls formed by the surrounding gas, resembling a cup with a mirror interior," Veledina explains.

This revelation has led to the identification of Cygnus X-3 as a member of the class of ultra-luminous X-ray sources (ULXs), which consume matter at such a gargantuan rate that a considerable fraction of the infalling material does not fit inside the event horizon, but rather is being spat away from the system.

"ULXs are typically observed as luminous spots in the images of distant galaxies, with their emissions amplified by the focusing effects of the compact object's surrounding funnel, acting akin to a megaphone," elaborates Juri Poutanen, Professor at the Department of Physics and Astronomy of the University of Turku and a co-author of the research.

"However, due to the vast distances to these sources, thousands of times beyond the span of the Milky Way, they appear relatively faint to X-ray telescopes. Our discovery has now unveiled a bright counterpart of these distant ULXs residing within our own Galaxy."

This significant finding marks a new chapter in the investigation of this extraordinary cosmic source, offering an opportunity for in-depth exploration of extreme matter consumption.
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Novel blood-powered chip offers real-time health monitoring | ScienceDaily
Metabolic disorders, like diabetes and osteoporosis, are burgeoning throughout the world, especially in developing countries.


						
The diagnosis for these disorders is typically a blood test, but because the existing healthcare infrastructure in remote areas is unable to support these tests, most individuals go undiagnosed and without treatment. Conventional methods also involve labor-intensive and invasive processes which tend to be time-consuming and make real-time monitoring unfeasible, particularly in real life settings and in country-side populations.

Researchers at the University of Pittsburgh and University of Pittsburgh Medical Center are proposing a new device that uses blood to generate electricity and measure its conductivity, opening doors to medical care in any location.

"As the fields of nanotechnology and microfluidics continue to advance, there is a growing opportunity to develop lab-on-a-chip devices capable of surrounding the constraints of modern medical care," said Amir Alavi, assistant professor of civil and environmental engineering at Pitt's Swanson School of Engineering. "These technologies could potentially transform healthcare by offering quick and convenient diagnostics, ultimately improving patient outcomes and the effectiveness of medical services."

Now, We Got Good Blood 

Blood electrical conductivity is a valuable metric for assessing various health parameters and detecting medical conditions.

This conductivity is predominantly governed by the concentration of essential electrolytes, notably sodium and chloride ions. These electrolytes are integral to a multitude of physiological processes, helping physicians pinpoint a diagnosis.




"Blood is basically a water-based environment that has various molecules that conduct or impede electric currents," explained Dr. Alan Wells, the medical director of UPMC Clinical Laboratories, Executive Vice Chairman, Section of Laboratory Medicine at University of Pittsburgh and UPMC, and Thomas Gill III Professor of Pathology, Pitt School of Medicine, Department of Pathology. "Glucose, for example, is an electrical conductor. We are able to see how it affects conductivity through these measurements. Thus, allowing us to make a diagnosis on the spot."

Despite its vitality, the knowledge of human blood conductivity is limited because of its measurement challenges like electrode polarization, limited access to human blood samples, and the complexities associated with blood temperature maintenance. Measuring conductivity at frequencies below 100 Hz is particularly important for gaining a deeper understanding of the blood electrical properties and fundamental biological processes, but is even more difficult.

A Pocket-Sized Lab 

The research team is proposing an innovative, portable millifluidic nanogenerator lab-on-a-chip device capable of measuring blood at low frequencies. The device utilizes blood as a conductive substance within its integrated triboelectric nanogenerator, or TENG. The proposed blood-based TENG system can convert mechanical energy into electricity via triboelectrification.

This process involves the exchange of electrons between contacting materials, resulting in a charge transfer. In a TENG system, the electron transfer and charge separation generate a voltage difference that drives electric current when the materials experience relative motion like compression or sliding. The team analyzes the voltage generated by the device under predefined loading conditions to determine the electrical conductivity of the blood. The self-powering mechanism enables miniaturization of the proposed blood-based nanogenerator. The team also used AI models to directly estimate blood electrical conductivity using the voltage patterns generated by the device.

To test its accuracy, the team compared its results with a traditional test which proved successful. This opens the door to taking the testing to where people live. In addition, blood-powered nanogenerators are capable of functioning in the body wherever blood is present, enabling self-powered diagnostics using the local blood chemistry.
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Star clusters observed within a galaxy in the early Universe | ScienceDaily
The history of how stars and galaxies came to be and evolved into the present day remains among the most challenging astrophysical questions to solve yet, but new research brings us closer to understanding it.


						
In a new study by an international team led by Dr. Angela Adamo at Stockholm University, new insights about young galaxies during the Epoch of Reionization have been revealed. Observations with the James Webb Space Telescope (JWST) of the galaxy Cosmic Gems arc (SPT0615-JD) have confirmed that the light of the galaxy was emitted 460 million years after the big bang. What makes this galaxy unique is that it is magnified through an effect called gravitational lensing, which has not been observed in other galaxies formed during that age. The magnification of the Cosmic Gems arc has allowed the team to study the smaller structures inside an infant galaxy for the first time. The authors found that the Cosmic Gems arc harbors five young massive star clusters in which stars are formed. "The surprise and astonishment was incredible when we opened the JWST images for the first time" says Adamo.

The mystery of the early Universe

The Epoch of Reionization (EoR) is a crucial time during the evolution of the Universe, which occurred within the first billion years after the Big Bang. During this period, the Universe went through an important transition. In its early days it was filled with neutral Hydrogen gas, but this changed during the EoR. The matter of the Universe went from its neutral form to being fully ionized; the atoms were stripped from their electrons. The earliest galaxies of the Universe are believed to have driven this transformation.

In order to study the earliest galaxies one has to look far away in space. Light travels at a finite speed. By observing objects at far distances we can "look back in time" as we see the state of the object at the time when the light was emitted from it. However, it is difficult to observe small details of an object at large enough distances to study the early Universe. One method to observe finer details in a galaxy at a great distance is through the use of gravitational lensing. Gravitational lensing occurs when a celestial body of high mass curves the path of light around it due to its strong gravity. When the light emitted from a source passes through the gravitational lens it is distorted similar to the effect of a magnifying glass. In this way, astronomers can observe small details in objects far away.

Galaxies slowly build their stellar population through a process referred to as star formation. In local galaxies we see that a large fraction of stars form in star clusters. Star clusters are groups of stars held together by gravitational forces. Star clusters can have varying sizes, where some only contain a small amount of stars to others that can contain millions. Globular clusters are very old star clusters where stars have previously been formed, but not anymore. How and where the globular clusters were formed has been a long-standing mystery.

New insights into the formation of the first stars and galaxies

In a new study published in the scientific journal Nature, the team of astronomers present the discovery of star clusters in a galaxy whose light has passed through a gravitational lens on its way towards the Earth. "This achievement could only be possible thanks to JWST unmatched capabilities," says Dr. Adelaide Claeyssens of Stockholm University and co-author of the publication. The galaxy SPT0615-JD, also known as the Cosmic Gems Arc, is located in the distant Universe. The light that has reached the Earth in the present day was emitted from this galaxy only 460 million years after the Big Bang. By studying this object, the astronomers look back 97% of the cosmic time.




"Due to the gravitational lensing, the Cosmic Gems Arc could be resolved down to small enough scales to study the objects within it," adds Claeyssens. The team used the instrument Near Infrared Camera (NIRCam) onboard the JWST for their observations. The NIRCam is an instrument built to take high-resolution images in the near-infrared part of the light spectrum, in which the earliest stars and galaxies can be detected. Using the high resolution of the JWST NIRCam, the resulting observations showed a chain of bright dots mirrored from one side to the other. It was discovered that these dots were five young massive star clusters.

Through analysis of the light spectra emitted by the galaxy, it could be determined that the stellar clusters are gravitationally bound and have a three-times larger stellar density than typical young star clusters in the local Universe. It was also found that the clusters were formed recently, within 50 million years. They are very massive, although much smaller than globular clusters. "It was incredible to see the JWST images of the Cosmic Gems arc and realize that we were looking at star clusters in such a young galaxy. We observe globular clusters around local galaxies, but we don't know when and where they formed. The Cosmic Gems arc observations have opened a unique window for us into the works of infant galaxies as well as showing us where globular clusters formed" says Adamo. "These clusters will have enough time to relax and become globular clusters, due to them being formed at such a young age of the Universe," she adds.

Understanding the early Universe

Through studies of star clusters in young galaxies born shortly after the Big Bang, further understanding of how and where globular clusters are formed can be achieved. Since young galaxies are believed to drive the reionization during the EoR, it is crucial to study them in depth in order to gain knowledge about the early Universe. Using the discoveries made by the authors of this study, more information is added to our understanding about how the stars in the earliest galaxies were born, and where and how globular clusters are formed.

Looking onwards

In the future, the group is planning to build a larger sample of similar galaxies. "We have one galaxy so far, but we need many more if we want to create demographics of the cluster populations forming in the earliest galaxies." says Adamo. The team also has an approved program for the next cycle of JWST observations, where they will study the Cosmic Gems Arc galaxy and the recently discovered star clusters in further detail. "Spectroscopic observations will allow us to spatially map the star formation rate and ionizing photon production efficiency along the galaxy" adds Dr. Larry Bradley, principal investigator of the JWST program and the second author of this article.
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Innovative 3D printing method streamlines multi-materials manufacturing | ScienceDaily
University of Missouri researchers have developed a way to create complex devices with multiple materials -- including plastics, metals and semiconductors -- all with a single machine.


						
The research, which was recently published in Nature Communications, outlines a novel 3D printing and laser process to manufacture multi-material, multi-layered sensors, circuit boards and even textiles with electronic components.

It's called the Freeform Multi-material Assembly Process, and it promises to revolutionize the fabrication of new products.

By printing sensors embedded within a structure, the machine can make things that can sense environmental conditions, including temperature and pressure. For other researchers, that could mean having a natural-looking object such as a rock or seashell that could measure the movement of ocean water. For the public, applications could include wearable devices that monitor blood pressure and other vital signs.

Specifically, other techniques fall short when it comes to how versatile the material can be and how precisely smaller components can be placed inside larger 3D structures.

The Mizzou team's method uses special techniques to solve these problems. Team members built a machine that has three different nozzles: one adds ink-like material, another uses a laser to carve shapes and materials, and the third adds additional functional materials to enhance the product's capabilities. It starts by making a basic structure with regular 3D printing filament, such as polycarbonate, a type of transparent thermoplastic. Then, it switches to laser to convert some parts into a special material called laser-induced graphene, putting it exactly where it's needed. Finally, more materials are added to enhance the functional abilities of the final product.

This work is being funded by the National Science Foundation (NSF) Advanced Manufacturing program, and the NSF I-CorpsTM program is providing funds to explore commercialization.




"The I-Corps program is helping us identify market interests and needs," Lin said. "Currently, we believe it would be of interest to other researchers, but we believe it will ultimately benefit businesses. It will shorten fabrication time for device prototyping by allowing companies to make prototypes in house. This technology, available only at Mizzou, shows great promise for transforming the way products are fabricated and manufactured."

"This is the first time this type of process has been used, and it's unlocking new possibilities," said Bujingda Zheng, a doctoral student in mechanical engineering at Mizzou and the lead author of the study. "I'm excited about the design. I've always wanted to do something that no one has ever done before, and I'm getting to do that here at Mizzou."

One of the main benefits is that innovators can focus on designing new products without worrying about how to prototype them.

"This opens the possibility for entirely new markets," said Jian "Javen" Lin, an associate professor of mechanical and aerospace engineering at Mizzou. "It will have broad impacts on wearable sensors, customizable robots, medical devices and more."

Revolutionary techniques

Currently, manufacturing a multi-layered structure -- such as a printed circuit board -- can be a cumbersome process that involves multiple steps and materials. These processes are costly, time consuming, and can generate waste that harms the environment.

Not only is the new technique better for the planet, it's inspired by systems found in nature.

"Everything in nature consists of structural and functional materials," Zheng said. "For example, electrical eels have bones and muscles that enable them to move. They also have specialized cells that can discharge up to 500 volts to deter predators. These biological observations have inspired researchers to develop new methods for fabricating 3D structures with multi-functional applications, but other emerging methods have limitations."
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Novel catalysts for improved methanol production using carbon dioxide dehydrogenation | ScienceDaily
Encapsulating copper nanoparticles within hydrophobic porous silicate crystals has been shown by scientists at Tokyo Tech to significantly enhance the catalytic activity of copper-zinc oxide catalysts used in methanol synthesis via CO2 hydrogenation. The innovative encapsulation structure effectively inhibits the thermal aggregation of copper particles, leading to enhanced hydrogenation activity and increased methanol production. This breakthrough paves the way for more efficient methanol synthesis from CO2.


						
Carbon dioxide (CO2) emissions are a major contributor to global warming, highlighting the pressing need for emission reduction measures. Consequently, there is a growing exploration of alternatives to fossil fuels, the primary source of CO2 emissions. Methanol emerges as a versatile and cost-effective fuel, offering a promising alternative to conventional transportation fuels. Furthermore, in efforts to mitigate the impact of these emissions, there has been significant attention directed towards CO2 capture and utilization technologies. These innovative approaches involve capturing CO2 from the atmosphere and converting it into value-added products. Methanol synthesis via CO2 hydrogenation stands out as a particularly promising method among these technologies.

For methanol synthesis via CO2 hydrogenation, lower reaction temperatures are preferable since heat is released during the reaction. Accordingly, studies have focused on the development of catalysts that exhibit high activities at low temperatures. Copper-zinc oxide (Cu-ZnO) based catalysts are particularly favorable for this purpose due to their ability to form a Cu-ZnO interface that binds and converts CO2 into formate intermediates which, in turn, promote methanol production. Increasing the surface area of this interface is an effective way to improve production, which can be achieved by increasing the dispersion of Cu nanoparticles. However, Cu nanoparticles are thermally unstable, which aggregate during catalyst preparation and reaction, thus reducing the interface area. Furthermore, the formation of water as a by-product of methanol synthesis accelerates Cu aggregation and inhibits formate formation.

To address these issues, a team of researchers, led by Professor Teruoki Tago from the Department of Chemical Science and Engineering, School of Materials and Chemical Technology at Tokyo Institute of Technology, developed novel Silicalite-1 (S-1) encapsulated Cu-ZnO catalysts. "Research indicates that encapsulating metals within porous carriers like silica or zeolite effectively mitigates thermal aggregation. Therefore, our focus shifted to developing a novel and efficient Cu-based catalyst for methanol production via CO2 hydrogenation, placing particular emphasis on encapsulating Cu nanoparticles within porous materials.," explained Tago. Their study was made available online on February 21, 2024, and published formally in Volume 485 of the Chemical Engineering Journal on April 1, 2024. The EU supported the project through their Horizon2020 Framework and the Japan Science and Technology Agency through SCICORP (Laurelin project).

The researchers fabricated two types of catalysts, one including a Cu/S-1 catalyst in which copper was loaded onto hydrophobic S-1 by impregnation, and the other Cu@S-1 catalyst, in which a Cu phyllosilicate (CuPS) powder was used as a metal source to encapsulate Cu particles in the S-1 zeolite. Cu@S-1 was prepared by reducing dissolved CuPS powder. The researchers investigated the dissolution time of the CuPS precursors on the catalyst properties, revealing that inappropriate dissolution times significantly affect the size of Cu particles. Optimal dissolution of the precursor resulted in a catalyst with approximately 2.4-nanometer Cu particles encapsulated within S-1, exhibiting optimal catalytic activity. This catalyst demonstrated higher hydrogenation activity and methanol production than Cu/S-1.

To further improve methanol production, ZnO was added to Cu@S-1 by impregnation, forming ZnO/Cu@S-1 catalyst with fine Cu particles. This catalyst demonstrated even higher activity, suggesting the formation of the Cu-ZnO interface. "Our findings indicate that the encapsulation structure with S-1 effectively suppresses thermal aggregation of Cu particles, while simultaneously facilitating the rapid elimination of the water byproduct from the vicinity of the Cu-ZnO interface, thus enhancing methanol synthesis," remarked Tago.

Overall, this study demonstrates the effectiveness of the innovative encapsulation method for preparing highly active catalysts, offering a promising avenue for efficient methanol production from CO2.
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Prying open the AI black box | ScienceDaily
Artificial intelligence continues to squirm its way into many aspects of our lives. But what about biology, the study of life itself? AI can sift through hundreds of thousands of genome data points to identify potential new therapeutic targets. While these genomic insights may appear helpful, scientists aren't sure how today's AI models come to their conclusions in the first place. Now, a new system named SQUID arrives on the scene armed to pry open AI's black box of murky internal logic.


						
SQUID, short for Surrogate Quantitative Interpretability for Deepnets, is a computational tool created by Cold Spring Harbor Laboratory (CSHL) scientists. It's designed to help interpret how AI models analyze the genome. Compared with other analysis tools, SQUID is more consistent, reduces background noise, and can lead to more accurate predictions about the effects of genetic mutations.

How does it work so much better? The key, CSHL Assistant Professor Peter Koo says, lies in SQUID's specialized training.

"The tools that people use to try to understand these models have been largely coming from other fields like computer vision or natural language processing. While they can be useful, they're not optimal for genomics. What we did with SQUID was leverage decades of quantitative genetics knowledge to help us understand what these deep neural networks are learning," explains Koo.

SQUID works by first generating a library of over 100,000 variant DNA sequences. It then analyzes the library of mutations and their effects using a program called MAVE-NN (Multiplex Assays of Variant Effects Neural Network). This tool allows scientists to perform thousands of virtual experiments simultaneously. In effect, they can "fish out" the algorithms behind a given AI's most accurate predictions. Their computational "catch" could set the stage for experiments that are more grounded in reality.

"In silico [virtual] experiments are no replacement for actual laboratory experiments. Nevertheless, they can be very informative. They can help scientists form hypotheses for how a particular region of the genome works or how a mutation might have a clinically relevant effect," explains CSHL Associate Professor Justin Kinney, a co-author of the study.

There are tons of AI models in the sea. More enter the waters each day. Koo, Kinney, and colleagues hope that SQUID will help scientists grab hold of those that best meet their specialized needs.

Though mapped, the human genome remains an incredibly challenging terrain. SQUID could help biologists navigate the field more effectively, bringing them closer to their findings' true medical implications.
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Promise green hydrogen may not always be fulfilled | ScienceDaily

It is thought that green hydrogen can make a major contribution to reducing greenhouse gas emissions. Dutch companies are currently investing in developing green hydrogen in countries where green power, needed to produce green hydrogen, can be easily generated, such as Namibia and Brazil. The EU is also aiming to produce 10 million tonnes of green hydrogen and importing another 10 million tonnes by 2030. "Green hydrogen has great potential as a technology due to its versatility and many applications. But unfortunately, I still foresee some bumps in the road," says environmental scientist De Kleijne.

Entire life cycle

For over a thousand planned green hydrogen projects, De Kleijne calculated the greenhouse gas emissions associated with producing green hydrogen, including the production of, for example, solar panels, wind turbines and batteries to provide power, and the transport by pipeline or ship. "Green hydrogen is produced by splitting water into oxygen and hydrogen in an electrolyser using green electricity. You can then use that hydrogen as a raw material or fuel. Hydrogen made from natural gas is already widely used as a raw material, for example in the chemical industry to produce methanol and ammonia for fertiliser."

The advantage of green hydrogen is that when splitting water, besides hydrogen, only oxygen is released and no CO2. "However, that does require large amounts of green power," says the researcher. "You can only reduce emissions if you use green energy, such as wind or solar power. But even then, the emissions from manufacturing wind turbines and solar panels alone add up considerably. If you look at the entire life cycle in this way, green hydrogen often, but certainly not always, leads to CO2 gains. CO2 gains are usually higher when using wind power rather than solar power. This will improve further in the future as more renewable energy will be used to manufacture the wind turbines, solar panels and steel for the electrolyser, for example."

Hydrogen transport 

Hydrogen production results in the lowest emissions in places where there is a lot of sun or wind, like Brazil or Africa. The downside is that this hydrogen must then be transported to Europe. That is technologically challenging and can create a lot of extra emissions. "Transporting green hydrogen over long distances contributes so much to the total emissions that much of the CO2 gains from production in distant, favourable locations is negated," says De Kleijne. For short distances, transport emissions appear to be lowest for pipelines, while shipping liquid hydrogen is best for long distances.

Zero emissions

The key message, according to the scientist, is that we should not claim that technologies such as green hydrogen are completely emission-free. Current calculation methods that form the basis for regulations do not usually consider emissions from what needs to be manufactured to produce hydrogen, such als solar panels and electrolysers, or hydrogen leakage during transportation. In those cases, it might seem that green hydrogen does not produce many emissions, but that is far from the case. "By looking at emissions over the entire life cycle, we can make a better trade-off between technologies, and identify where improvements can be made in the chain. Furthermore, we can ask ourselves: what is important to produce in the Netherlands and Europe? And when might it be better to move an industry to somewhere else in the world?"
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Unifying behavioral analysis through animal foundation models | ScienceDaily
Behavioral analysis can provide a lot of information about the health status or motivations of a living being. A new technology developed at EPFL makes it possible for a single deep learning model to detect animal motion across many species and environments. This "foundational model," called SuperAnimal, can be used for animal conservation, biomedicine, and neuroscience research.


						
Although there is the saying, "straight from the horse's mouth," it's impossible to get a horse to tell you if it's in pain or experiencing joy. Yet, its body will express the answer in its movements. To a trained eye, pain will manifest as a change in gait, or in the case of joy, the facial expressions of the animal could change. But what if we can automate this with AI? And what about AI models for cows, dogs, cats, or even mice? Automating animal behavior not only removes observer bias, but it helps humans more efficiently get to the right answer.

Today marks the beginning of a new chapter in posture analysis for behavioral phenotyping. Mackenzie Mathis' laboratory at EPFL publishes a Nature Communications article describing a particularly effective new open-source tool that requires no human annotations to get the model to track animals. Named "SuperAnimal," it can automatically recognize, without human supervision, the location of "keypoints" (typically joints) in a whole range of animals -- over 45 animal species -- and even in mythical ones!

"The current pipeline allows users to tailor deep learning models, but this then relies on human effort to identify keypoints on each animal to create a training set," explains Mackenzie Mathis. "This leads to duplicated labeling efforts across researchers and can lead to different semantic labels for the same keypoints, making merging data to train large foundation models very challenging. Our new method provides a new approach to standardize this process and train large-scale datasets. It also makes labeling 10 to 100 times more effective than current tools."

The "SuperAnimal method" is an evolution of a pose estimation technique that Mackenzie Mathis' laboratory had already distributed under the name "DeepLabCutTM." You can read more about this game-changing tool and its origin in this new Nature technology feature.

"Here, we have developed an algorithm capable of compiling a large set of annotations across databases and train the model to learn a harmonized language -- we call this pre-training the foundation model," explains Shaokai Ye, a PhD student researcher and first author of the study. "Then users can simply deploy our base model or fine-tune it on their own data, allowing for further customization if needed."

These advances will make motion analysis much more accessible. "Veterinarians could be particularly interested, as well as those in biomedical research -- especially when it comes to observing the behavior of laboratory mice. But it can go further," says Mackenzie Mathis, mentioning neuroscience and... athletes (canine or otherwise)! Other species -- birds, fish, and insects -- are also within the scope of the model's next evolution. "We also will leverage these models in natural language interfaces to build even more accessible and next-generation tools. For example, Shaokai and I, along with our co-authors at EPFL, recently developed AmadeusGPT, published recently at NeurIPS, that allows for querying video data with written or spoken text. Expanding this for complex behavioral analysis will be very exciting." SuperAnimal is now available to researchers worldwide through its open-source distribution.
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Membrane protein analogues could accelerate drug discovery | ScienceDaily
Many drug and antibody discovery pathways focus on intricately folded cell membrane proteins: when molecules of a drug candidate bind to these proteins, like a key going into a lock, they trigger chemical cascades that alter cellular behavior. But because these proteins are embedded in the lipid-containing outer layer of cells, they are tricky to access and insoluble in water-based solutions (hydrophobic), making them difficult to study.


						
"We wanted to get these proteins out of the cell membrane, so we redesigned them as hyperstable, soluble analogues, which look like membrane proteins but are much easier to work with," explains Casper Goverde, a PhD student in the Laboratory of Protein Design and Immunoengineering (LPDI) in the School of Engineering.

In a nutshell, Goverde and a research team in the LPDI, led by Bruno Correia, used deep learning to design synthetic soluble versions of cell membrane proteins commonly used in pharmaceutical research. Whereas traditional screening methods rely on indirectly observing cellular reactions to drug and antibody candidates, or painstakingly extracting small quantities of membrane proteins from mammalian cells, the researchers' computational approach allows them to remove cells from the equation. After designing a soluble protein analogue using their deep learning pipeline, they can use bacteria to produce the modified protein in bulk. These proteins can then bind directly in solution with molecular candidates of interest.

"We estimate that producing a batch of soluble protein analogues using E. coli is around 10 times less expensive than using mammalian cells," adds PhD student Nicolas Goldbach.

The team's research has recently been published in the journal Nature.

Flipping the script on protein design

In recent years, scientists have successfully harnessed artificial intelligence networks that use deep learning to design novel protein structures, for example by predicting them based on an input sequence of amino acid building blocks. But for this study, the researchers were interested in protein folds that already exist in nature; what they needed was a more accessible, soluble version of these proteins.




"We had the idea to invert this deep learning pipeline that predicts protein structure: if we input a structure, can it tell us the corresponding amino acid sequence?" explains Goverde.

To achieve this, the team used the structure prediction platform AlphaFold2 from Google DeepMind to produce amino acid sequences for soluble versions of several key cell membrane proteins, based on their 3D structure. Then, they used a second deep learning network, ProteinMPNN, to optimize those sequences for functional, soluble proteins. The researchers were pleased to discover that their approach showed remarkable success and accuracy in producing soluble proteins that maintained parts of their native functionality, even when applied to highly complex folds that have so far eluded other design methods.

"The holy grail of biochemistry"

A particular triumph of the study was the pipeline's success in designing a soluble analogue of a protein shape known as the G-protein coupled receptor (GPCR), which represents around 40% of human cell membrane proteins and is a major pharmaceutical target.

"We showed for the first time that we can redesign the GPCR shape as a stable soluble analogue. This has been a long-standing problem in biochemistry, because if you can make it soluble, you can screen for novel drugs much faster and more easily," says LPDI scientist Martin Pacesa.

The researchers also see these results as a proof-of-concept for their pipeline's application to vaccine research, and even cancer therapeutics. For example, they designed a soluble analogue of a protein type called a claudin, which plays a role in making tumors resistant to the immune system and chemotherapy. In their experiments, the team's soluble claudin analogue retained its biological properties, reinforcing the pipeline's promise for generating interesting targets for pharmaceutical development.
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Lab-grown muscles reveal mysteries of rare muscle diseases | ScienceDaily
Biomedical engineers at Duke University have developed a new technique to better understand and test treatments for a group of extremely rare muscle disorders called dysferlinopathy or limb girdle muscular dystrophies 2B (LGMD2B). The approach grows complex, functional 3D muscle tissue from stem cells in the laboratory, creating a platform that replicates patient symptoms and treatment responses.


						
In its debut study, researchers reveal some of the biological mechanisms underlying the characteristic loss of mobility caused by LGMD2B. They also demonstrate that a combination of existing treatments may be able to alleviate some of the worst symptoms of the disease.

The results appear online June 18 in the journal Advanced Science.

LGMD2B affects only about eight people per million around the world. Unlike it's more well-known and more common cousin Duchenne muscular dystrophy, the disease affects both men and women, presents later in life -- in the late teens or early 20s -- and is rarely fatal. However, LGMD2B patients develop severe weakness in the legs and shoulders, typically requiring them to use wheelchairs for the rest of their lives.

Caused by a genetic disorder, LGMD2B stops the body from creating a fully functional form of a protein called dysferlin. There are currently no approved treatments or cures. Part of the reason for this lack of options is the many functions of dysferlin, including sealing holes in muscle membranes, regulating calcium balances required for muscle contraction and controlling cellular metabolism. And for reasons unknown, affected muscles initially accumulate fat within the muscle fibers themselves before degenerating and ultimately being replaced by fat cells.

"This phenomenon is very rare even for muscular dystrophies," said Nenad Bursac, professor of biomedical engineering at Duke. "It's a burning question within the community of why that happens."

One of the challenges facing researchers trying to solve these problems is that the mouse model used to approximate LGMD2B shows very mild symptoms compared to patients. Mice with the disease are still able to walk, and it does not present until nearly a year into their two-year long lifespan, making studies of the disease extremely slow. Dysferlin is expressed in other cell types, and blood levels of metabolic fuels such as cholesterol are also altered in mice and patients. Together, this complicates LGMD2B research by making it difficult to assess what cell types are responsible for the disease and if metabolic changes are due to the loss of dysferlin itself or whole-body effects.




To get around these challenges, Bursac and his research scientist Alastair Khodabukus turned to an engineered muscle platform that they have been developing for nearly a decade. The Bursac Lab was the first to grow contracting, functional human skeletal muscle in a Petri dish and has been improving its processes ever since to enable studies of muscle strength, metabolism and repair. This system allowed them to focus their study on only the effects of dysferlin on skeletal muscle without the complications of other cell types or altered blood metabolite profiles.

In the study, the researchers began with induced pluripotent stem cells (IPSCs) derived from patients living with LGMD supplied by The Jain Foundation, a charity focused on finding a cure for LGMD2B. Using their muscle-growing techniques, the lab matured these stem cells into muscle fibers and ran them through a battery of tests over the course of six weeks.

Like muscles found in patients themselves, the lab-grown versions displayed a wide variety of issues.

"Overall, our model repeated a lot of the clinical manifestations of the disease and observations made in real patients, but it was all done in a Petri dish," said Bursac. "We've been able to gain new insights into the muscle-specific aspects of the disease."

The researchers discovered that the loss in muscle strength was not the result of deficiencies in muscle structure or size, but in its handling of calcium. Muscle contractions are physically caused by reservoirs of calcium in muscle cells being released and binding to muscle proteins. Tests showed that the diseased muscle cells had sprung leaks in their calcium reserves, resulting in less calcium to release and weaker contractions.

The researchers also showed that the lack of dysferlin caused damage to the muscle cells to go unrepaired, and that an inability to burn fatty acids for energy production was at least partially to blame for the accumulation of fat within muscle fibers that has long puzzled the medical community.




"We replicated something seen in patients and showed that it's not due to environmental factors within the body, but issues within the muscle itself," Khodabukus said.

The researchers then tested the effects of two drug candidates to potentially treat the disease that have been identified through mouse models but have not yet been tested in humans. One called dantrolene is supposed to stop calcium from leaking from muscle cells' reservoirs. The second, called vamorolone, was recently approved for use with Duchenne muscular dystrophy patients, although researchers do not fully understand how it works.

Together, the drugs prevented the calcium leak and helped the cell membrane repair itself, restoring much of the muscles' strength. And while they also helped reduce the amount of fat accumulated within the muscles, they did not fully prevent it, nor did they help the muscles efficiently burn fats for fuel.

Moving forward, the group is planning to add immune and fat cells to their experiments for greater complexity. They also are looking to further understand disruptions to cellular metabolism and to find new drugs that fully restore all strength, repair and metabolic deficit.

"Right now, we have a basic muscle-only system, which is great to see the effects of the disease within the muscle itself, but what is also important is the crosstalk between immune cells, fat cells and muscle cells," Khodabukus said. "By building out our system more, we'll hopefully be able to fully figure out what is driving the loss of muscle and its replacement by fat in these patients."

This research was supported by the National Institutes of Health (UG3TR002142, U01EB028901, R01AR070543, R01AR079223, R01ARO82979, R21AR078269, UH3TR002142) and the Jain Foundation.
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Guiding humanity beyond the moon | ScienceDaily
What actually happens to the human body in space? While scientists and researchers have heavily researched how various factors impact the human body here on Earth, the amount of information available about changes that occur in the body in space is not as well-known. Scientists, including OHIO's Nate Szewczyk and several of his trainees, have been studying for years how the body, specifically on the molecular side, changes in space. Recently, a new package of papers has been published in "Nature" journals depicting how the modern tools of molecular biology and precision medicine can help guide humanity into more challenging missions beyond where we've already been.


						
The package of papers, titled "Space Omics and Medical Atlas across orbits," includes manuscripts, data, protocols, and code, representing the largest-ever compendium of data for aerospace medicine and space biology. Over 100 institutions from more than 25 countries worked together to coordinate the release of this molecular, cellular, physiological, phenotypic, and spaceflight data.

Szewczyk, a professor in the Department of Biomedical Sciences and a principle investigator in the Ohio Musculoskeletal and Neurologic Institute, coauthored seven different articles including: "Spaceflight induces changes in gene expression profiles linked to insulin and estrogen," "Astronaut omics and the impact of space on the human body at scale," "Understanding how space travel affects the female reproductive system," "Transcriptomics analysis reveals molecular alterations underpinning spaceflight dermatology," "Aging and putative frailty biomarkers are altered by spaceflight," and "Ethical considerations for the age of non-governmental space exploration."

In addition to coauthoring several papers, Szewczyk also involved his trainees on six of the papers. The trainees include OHIO medical students Anthony Carano and Caroline Coffey; Alexia Tasoula, a Ph.D. student in the translational biomedical sciences program; post-doctoral research Craig Willis, an OHIO alum and current assistant professor at the University of Bradford in the United Kingdom; as well as Dr. Henry Cope, researcher with the National Health Service in the United Kingdom.

Their articles highlight research from how spaceflight induced changes in insulin and estrogen signaling in rodents and humans, to ethical considerations for commercial spaceflight, and known and potential impacts of spaceflight on reproduction.

"We've studied worms for years but now have the ability to study people," Szewczyk said. "We are at a place, particularly with NASA and the commercial sector, where we can focus on using more modern omics techniques to try and better understand changes in astronauts themselves, which can revolutionize their health."

Szewczyk, known for his work researching worms in space, highlights the significance of these creatures as the first multicellular animals to have their genome sequenced. Leveraging genomics tools and techniques developed through worm studies, researchers have been able to delve into the molecular changes experienced by organisms in space. He notes that for over two decades, worms have been sent into space to observe gene expression alterations, paving the way for these similar studies in humans.




But as space flight becomes more commercialized and more people outside of just NASA's astronauts pursue orbit, the need to understand the molecular level of humans in space becomes more important in ensuring their health and safety.

According to Szewczyk, the U.S. is growing in its space-based economy and as a result of that, there is now increased interest in commercial space flight. Even in Ohio there is a new space park in Columbus set up by the commercial company Voyager Space.

"The more commercial space flight grows, the more important understanding people's omics is," Szewczyk explained. "Space medicine is evolving from something that really only NASA was responsible for since they were the only organization sending people into space, to something more common as commercial space flight grows. We are seeing an increase in this type of flight from SpaceX and other companies and it is crucial that those entering space are prepared. Flight providers must provide medical coverage for their participants. When people go to the International Space Station (ISS), it is governed by certain rules and regulations, whereas with commercial space flight, these same guidelines don't necessarily apply. There is interest to grow space medicine and advance techniques for looking at health in space, especially as more people are able to go into orbit."

Szewczyk's impact extends far beyond the laboratory as he actively advocates for open science and international collaboration, particularly in the field of space research. As co-chair of the NASA GeneLab Animal Analysis Working Group, he promotes the sharing of scientific knowledge among international space agencies, exemplified by initiatives like integrating the European Space Agency and the Japanese Aerospace Exploration Agency (JAXA) into NASA working groups. Moreover, his involvement in a JAXA Flagship Project includes leading efforts to harmonize ethical concerns and research methodologies for precision health in astronauts across multiple space agencies, including NASA, ESA, and JAXA.

"Humans are humans regardless of where they are from or currently live and the way space impacts them is ultimately the same," Szewczyk said. "So the more we can all work together to compare how astronauts and those visiting space react in space, the better we can work to ensure safety and determine what guidelines need put in place for their health while in space and returning."
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Scientists at uOttawa develop innovative method to validate quantum photonics circuits performance | ScienceDaily
A team of researchers from the University of Ottawa's Nexus for Quantum Technologies Institute (NexQT), led by Dr. Francesco Di Colandrea under the supervision of Professor Ebrahim Karimi, associate professor of physics, has developed an innovative technique for evaluating the performance of quantum circuits. This significant advancement, recently published in the journal npj Quantum Information, represents a substantial leap forward in the field of quantum computing.


						
In the rapidly evolving landscape of quantum technologies, ensuring the functionality and reliability of quantum devices is critical. The ability to characterize these devices with high accuracy and speed is essential for their efficient integration into quantum circuits and computers, impacting both fundamental studies and practical applications.

Characterization helps determine if a device operates as expected, which is necessary when devices exhibit anomalies or errors. Identifying and addressing these issues is crucial for advancing the development of future quantum technologies.

Traditionally, scientists have relied on Quantum Process Tomography (QPT), a method that requires a large number of "projective measurements" to reconstruct a device's operations fully. However, the number of required measurements in QPT scales quadratically with the dimensionality of the operations, posing significant experimental and computational challenges, especially for high-dimensional quantum information processors.

The University of Ottawa research team has pioneered an optimized technique named Fourier Quantum Process Tomography (FQPT). This method allows for the complete characterization of quantum operations with a minimal number of measurements. Instead of performing a large number of projective measurements, FQPT utilises a well-known map, the Fourier transform, to perform a portion of the measurements in two different mathematical spaces. The physical relation between these spaces enhances the information extracted from single measurements, significantly reducing the number of measurements needed. For instance, for processes with dimensions 2d (where d can be arbitrarily high), only seven measurements are required.

To validate their technique, the researchers conducted a photonic experiment using optical polarisation to encode a qubit. The quantum process was realized as a complex space-dependent polarisation transformation, leveraging state-of-the-art liquid-crystal technology. This experiment demonstrated the flexibility and robustness of the method.

"The experimental validation is a fundamental step to probe the technique's resilience to noise, ensuring robust and high-fidelity reconstructions in realistic experimental scenarios," said Francesco Di Colandrea, a postdoctoral fellow at the University of Ottawa.

This novel technique represents a remarkable advancement in quantum computing. The research team is already actively working on extending FQPT to arbitrary quantum operations, including non-Hermitian and higher-dimensional implementations, and in implementing AI techniques to increase accuracy and reduce measurement. This new technique represents a promising avenue for further advancements in quantum technology.
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Iron meteorites hint that our infant solar system was more doughnut than dartboard | ScienceDaily
Four and a half billion years ago, our solar system was a cloud of gas and dust swirling around the sun, until gas began to condense and accrete along with dust to form asteroids and planets. What did this cosmic nursery, known as a protoplanetary disk, look like, and how was it structured? Astronomers can use telescopes to "see" protoplanetary disks far away from our much more mature solar system, but it is impossible to observe what ours might have looked like in its infancy -- only an alien billions of light years away would be able to see it as it once was.


						
Fortunately, space has dropped a few clues -- fragments of objects that formed early in solar system history and plunged through Earth's atmosphere, called meteorites. The composition of meteorites tells stories of the solar system's birth, but these stories often raise more questions than answers.

In a paper published in Proceedings of the National Academy of Sciences, a team of planetary scientists from UCLA and Johns Hopkins University Applied Physics Laboratory reports that refractory metals, which condense at high temperatures, such as iridium and platinum, were more abundant in meteorites formed in the outer disk, which was cold and far away from the sun. These metals should have formed close to the sun, where the temperature was much higher. Was there a pathway that moved these metals from the inner disk to the outer?

Most meteorites formed within the first few million years of solar system history. Some meteorites, called chondrites, are unmelted conglomerations of grains and dust left over from planet formation. Other meteorites experienced enough heat to melt while their parent asteroids were forming. When these asteroids melted, the silicate part and the metallic part separated due to their difference in density, similar to how water and oil don't mix.

Today, most asteroids are located in a thick belt between Mars and Jupiter. Scientists think that Jupiter's gravity disrupted the course of these asteroids, causing many of them to smash into each other and break apart. When pieces of these asteroids fall to Earth and are recovered, they are called meteorites.

Iron meteorites are from the metallic cores of the earliest asteroids, older than any other rocks or celestial objects in our solar system. The irons contain molybdenum isotopes that point toward many different locations across the protoplanetary disk in which these meteorites formed. That allows scientists to learn what the chemical composition of the disk was like in its infancy.

Previous research using the Atacama Large Millimeter/submillimeter Array in Chile has found many disks around other stars that resemble concentric rings, like a dartboard. The rings of these planetary disks, such as HL Tau, are separated by physical gaps, so this kind of disk could not provide a route to transport these refractory metals from the inner disk to the outer.




The new paper holds that our solar disk likely didn't have a ring structure at the very beginning. Instead, our planetary disk looked more like a doughnut, and asteroids with metal grains rich in iridium and platinum metals migrated to the outer disk as it rapidly expanded.

But that confronted the researchers with another puzzle. After the disk expansion, gravity should have pulled these metals back into the sun. But that did not happen.

"Once Jupiter formed, it very likely opened a physical gap that trapped the iridium and platinum metals in the outer disk and prevented them from falling into the sun," said first author Bidong Zhang, a UCLA planetary scientist. "These metals were later incorporated into asteroids that formed in the outer disk. This explains why meteorites formed in the outer disk -- carbonaceous chondrites and carbonaceous-type iron meteorites -- have much higher iridium and platinum contents than their inner-disk peers."

Zhang and his collaborators previously used iron meteorites to reconstruct how water was distributed in the protoplanetary disk.

"Iron meteorites are hidden gems. The more we learn about iron meteorites, the more they unravel the mystery of our solar system's birth," Zhang said.
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Scientists discover new behavior of membranes that could lead to unprecedented separations | ScienceDaily
Imagine a close basketball game that comes down to the final shot. The probability of the ball going through the hoop might be fairly low, but it would dramatically increase if the player were afforded the opportunity to shoot it over and over.


						
A similar idea is at play in the scientific field of membrane separations, a key process central to industries that include everything from biotechnology to petrochemicals to water treatment to food and beverage.

"Separations lie at the heart of so many of the products we use in our everyday lives," said Seth Darling, head of the Advanced Materials for Energy Water Systems (AMEWS) Center at the U.S. Department of Energy's (DOE) Argonne National Laboratory.  "Membranes are the key to achieving efficient separations."

Many commercial processes use membranes to separate out different sizes of solutes, which are substances that are dissolved in water or other fluids. Nearly all commercial membranes are polydisperse, which means that their pore sizes are not consistent. For these membranes, it's nearly impossible to do a sharp separation of materials as different sizes of solutes can fit through different pores.  "Essentially all commercial membranes, all membranes that are actually used for anything, have a wide range of pore sizes -- little pores, medium pores and big pores," Darling said.

Darling and his colleagues at Argonne and the Pritzker School of Molecular Engineering at the University of Chicago have been interested in looking at the properties of isoporous membranes, which are membranes in which all the pores are the same size. Previously, scientists had believed there was a limit to the sharpness of the separations that they could achieve at the nanoscale, not only because of variations in pore size, but also a phenomenon called  "hindered transport."

Hindered transport refers to the internal resistance of the fluid medium as the solute attempts to go through the pore.

"The water in the pore will create drag on a molecule or particle that's trying to get through, causing it to slow down," Darling said.  "Those slower solutes appear to be rejected by the membrane. Counterintuitively, objects even half the size of the pore will end up being rejected about half the time." Overcoming rejection created by hindered transport would enable unprecedented selectivity in size-based separations, he explained.




"The regime we're interested in involves pores approximately 10 nanometers in diameter. With a perfect membrane and proper process design, we believe we could separate solutes with as little as a five percent difference in size. Current membranes have no chance to pull that off," Darling said.

In a new study, Darling and his colleagues uncovered a dynamic that could only be revealed by studying isoporous membranes, and that gives hope for surmounting hindered transport limitations.  "Until now, scientists had implicitly assumed that each solute only gets one try to go through a pore, and that hindered transport would produce rejection of many solutes that were smaller than the pore size, causing them to remain in the feed stream rather than the output stream," Darling added.  "Although it might seem obvious to some, people never really considered a situation in which the solutes could make multiple attempts to get through a membrane."

To give the solute molecules multiple chances to get through the pore required cycling the feed solution for multiple weeks.  "Even with an extended period of experimentation, we're still only seeing individual solutes trying to get through a pore a couple of times on average, but it makes a big difference in moving the separation curve towards a sharper step-like function," Darling said.  "Given longer time, or more likely an improved process design, we believe we will see a clear, sharp separation right where the pore size matched the solute size."

The insights learned from isoporous membranes could be applicable to existing membrane materials engineered to increase the number of opportunities for solutes to pass through the pores.  "If these fundamental studies can be successfully transferred to industrial membrane separations, it could have tremendous impact across numerous sectors of our economy," he said.

The work was supported by DOE's Office of Basic Energy Sciences.
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Supermassive black hole appears to grow like a baby star | ScienceDaily
Supermassive black holes pose unanswered questions for astronomers around the world, not least "How do they grow so big?" Now, an international team of astronomers, including researchers from Chalmers University of Technology in Sweden, has discovered a powerful rotating, magnetic wind that they believe is helping a galaxy's central supermassive black hole to grow. The swirling wind, revealed with the help of the ALMA telescope in nearby galaxy ESO320-G030, suggests that similar processes are involved both in black hole growth and the birth of stars.


						
Most galaxies, including our own Milky Way have a supermassive black hole at their centre. How these mind-bogglingly massive objects grow to weigh as much as millions or billions of stars is a long-standing question for astronomers.

In search of clues to this mystery, a team of scientists led by Mark Gorski (Northwestern University and Chalmers) and Susanne Aalto (Chalmers) chose to study the relatively nearby galaxy ESO320-G030, only 120 million light years distant. It's a very active galaxy, forming stars ten times as fast as in our own galaxy.

"Since this galaxy is very luminous in the infrared, telescopes can resolve striking details in its centre. We wanted to measure light from molecules carried by winds from the galaxy's core, hoping to trace how the winds are launched by a growing, or soon to be growing, supermassive black hole. By using ALMA, we were able to study light from behind thick layers of dust and gas," says Susanne Aalto, Professor of Radio Astronomy at Chalmers University of Technology.

To zero in on dense gas from as close as possible to the central black hole, the scientists studied light from molecules of hydrogen cyanide (HCN). Thanks to ALMA's ability to image fine details and trace movements in the gas -- using the Doppler effect -- they discovered patterns that suggest the presence of a magnetised, rotating wind.

While other winds and jets in the centre of galaxies push material away from the supermassive black hole, the newly discovered wind adds another process, that can instead feed the black hole and help it grow.

"We can see how the winds form a spiralling structure, billowing out from the galaxy's centre. When we measured the rotation, mass, and velocity of the material flowing outwards, we were surprised to find that we could rule out many explanations for the power of the wind, star formation for example. Instead, the flow outwards may be powered by the inflow of gas and seems to be held together by magnetic fields," says Susanne Aalto.




The scientists think that the rotating magnetic wind helps the black hole to grow.

Material travels around the black hole before it can fall in -- like water around a drain. Matter that approaches the black hole collects in a chaotic, spinning disk. There, magnetic fields develop and get stronger. The magnetic fields help lift matter away from the galaxy, creating the spiralling wind. Losing matter to this wind also slows the spinning disk -- that means that matter can flow more easily into the black hole, turning a trickle into a stream.

For Mark Gorski, the way this happens is strikingly reminiscent of a much smaller-scale environment in space: the swirls of gas and dust that lead up to the birth of new stars and planets.

"It is well-established that stars in the first stages of their evolution grow with the help of rotating winds -- accelerated by magnetic fields, just like the wind in this galaxy. Our observations show that supermassive black holes and tiny stars can grow by similar processes, but on very different scales," says Mark Gorski.

Could this discovery be a clue to solving the mystery of how supermassive black holes grow? In the future, Mark Gorski, Susanne Aalto and their colleagues want to study other galaxies which may harbour hidden spiralling outflows in their centres.

"Far from all questions about this process are answered. In our observations we see clear evidence of a rotating wind that helps regulate the growth of the galaxy's central black hole. Now that we know what to look for, the next step is to find out how common a phenomenon this is. And if this is a stage which all galaxies with supermassive black holes go through, what happens to them next?," asks Mark Gorski.
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Changing climate will make home feel like somewhere else | ScienceDaily
The impacts of climate change are being felt all over the world, but how will it impact how your hometown feels? An interactive web application from the University of Maryland Center for Environmental Science allows users to search 40,581 places and 5,323 metro areas around the globe to match the expected future climate in each city with the current climate of another location, providing a relatable picture of what is likely in store.


						
You may have already experienced these changes where you live and may be wondering: What will climate of the future be like where I live? How hot will summers be? Will it still snow in winter? And perhaps How might things change course if we act to reduce emissions? This web application helps to provide answers to these questions.

For example, if you live in Washington, D.C., you would need to travel to northern Louisiana to experience what Washington, D.C., will feel like by 2080, where summers are expected to be 11.5degF warmer in 50 years. If you live in Shanghai, China, you would need to travel to northern Pakistan to experience what Shanghai's climate could be like in 2080.

"In 50 years, the northern hemisphere cities to the north are going to become much more like cities to the south. Everything is moving towards the equator in terms of the climate that's coming for you," said Professor Matthew Fitzpatrick. "And the closer you get to the equator there are fewer and fewer good matches for climates in places like Central America, south Florida, and northern Africa. There is no place on earth representative of what those places they will be like in the future."

A spatial ecologist, Fitzpatrick used climate-analog mapping, a statistical technique that matches the expected future climate at one location -- your city of residence, for instance -- with the current climate of another familiar location, to provide a place-based understanding of climate change. He used the most recent available data from the Intergovernmental Panel on Climate Change (IPCC), the United Nations body for assessing the science related to climate change, to illustrate anticipated temperature changes over 30 years under two different scenarios.

Because the answer to these questions depends on how climate is expected to change and the specific nature of those changes is uncertain, the app provides results for both high and reduced emissions scenarios, as well as for several different climate forecast models. You can map the best matches for your city for these different scenarios and models as well as map the similarity between your city's future climate and present climates everywhere (based on the average of the five forecasts for each emission scenario).

The first scenario that users can search is similar to our current trajectory and assumes very high greenhouse gas emissions, in which the planet is on track to warm around 9 degrees F by the end of this century. This scenario would make the earth warmer than it likely has been in millions of years. The second scenario is similar to what the planet would feel like if nations pursue Paris Climate Accord goals. Under that scenario, the planet warms by about 3 degrees F by immediately and drastically reducing human-caused greenhouse gases emissions.

"I hope that it continues to inform the conversation about climate change. I hope it helps people better understand the magnitude of the impacts and why scientists are so concerned," said Fitzpatrick.

Further information: https://fitzlab.shinyapps.io/cityapp/
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Scientists devise algorithm to engineer improved enzymes | ScienceDaily
Scientists have prototyped a new method for "rationally engineering" enzymes to deliver improved performance. They have devised an algorithm, which takes into account an enzyme's evolutionary history, to flag where mutations could be introduced with a high likelihood of delivering functional improvements.


						
Their work -- published today in leading journal Nature Communications -- could have significant, wide-ranging impacts across a suite of industries, from food production to human health.

Enzymes are central to life and key to developing innovative drugs and tools to address society's challenges. They have evolved over billions of years through changes in the amino acid sequence that underpins their 3D structure. Like beads on a string, each enzyme is composed of a sequence of several hundred amino acids that encodes its 3D shape.

With one of 20 amino acid 'beads' possible at each position, there is enormous sequence diversity possible in nature. Upon formation of their 3D shape, enzymes carry out a specific function such as digesting our dietary proteins, converting chemical energy into force in our muscles, and destroying bacteria or viruses that invade cells. If you change the sequence, you can disrupt the 3D shape, and that typically changes the functionality of the enzyme, sometimes rendering it completely ineffective.

Finding ways to improve the activity of enzymes would be hugely beneficial to many industrial applications and, using modern tools in molecular biology, it is simple and cost-efficient to engineer changes in the amino acid sequences to facilitate improvements in their performance. However, randomly introducing as little as three or four changes to the sequence can lead to a dramatic loss of their activity.

Here, the scientists report a promising new strategy to rationally engineer an enzyme called "beta-lactamase." Instead of introducing random mutations in a scattergun approach, researchers at the Broad Institute and Harvard Medical School developed an algorithm that takes into account the evolutionary history of the enzyme.

"At the heart of this new algorithm is a scoring function that exploits thousands of sequences of beta-lactamase from many diverse organisms. Instead of a few random changes, up to 84 mutations over a sequence of 280 were generated to enhance functional performance," said Dr Amir Khan, Associate Professor in Trinity College Dublin's School of Biochemistry and Immunology, one of the co-authors of the research.




"And strikingly, the newly designed enzymes had both improved activity and stability at higher temperatures."

Eve Napier, a second-year PhD student at Trinity College Dublin, determined the 3D experimental structure of a newly designed beta-lactamase, using a method called X-ray crystallography.

Her 3D map revealed that despite changes to 30% of the amino acids, the enzyme had an identical structure to the wild-type beta-lactamase. It also revealed how coordinated changes in amino acids, introduced simultaneously, can efficiently stabilise the 3D structure -- in contrast to individual changes that typically impair the enzyme structure.

Eve Napier said: "Overall, these studies reveal that proteins can be engineered for improved activity by dramatic 'jumps' into new sequence space.

"The work has wide ranging applications in industry, in processes that require enzymes for food production, plastic-degrading enzymes, and those relevant to human health and disease, so we are quite excited for the future possibilities."
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Sweat health monitor measures levels of disease markers | ScienceDaily
A wearable health monitor developed by Washington State University researchers can reliably measure levels of important biochemicals in sweat during physical exercise.


						
The 3D-printed monitor could someday provide a simple and non-invasive way to track health conditions and diagnose common diseases, such as diabetes, gout, kidney disease or heart disease.

Reporting in the journal, ACS Sensors, the researchers were able to accurately monitor the levels of volunteers' glucose, lactate and uric acid as well as the rate of their sweating during exercise.

"Diabetes is a major problem worldwide," said Chuchu Chen, a WSU Ph.D. student and first author on the paper. "I think 3D printing can make a difference to the healthcare fields, and I wanted to see if we can combine 3D printing with disease detection methods to create a device like this."

For their proof-of-concept health monitor, the researchers used 3D printing to make the health monitors in a unique, one-step manufacturing process. The researchers used a single-atom catalyst and enzymatic reactions to enhance the signal and measure low levels of the biomarkers. Three biosensors on the monitor change color to indicate the specific biochemical levels.

Sweat contains many important metabolites that can indicate health conditions, but, unlike blood sampling, it's non-invasive. Levels of uric acid in sweat can indicate the risk of developing gout, kidney disease or heart disease. Glucose levels are used to monitor diabetes, and lactate levels can indicate exercise intensity.

"Sweat rate is also an important parameter and physiological indicator for people's health," said Kaiyan Qiu, Berry Assistant Professor in WSU's School of Mechanical and Materials Engineering.




But the amount of these chemicals in sweat is tiny and can be hard to measure, the researchers noted. While other sweat sensors have been developed, they are complex and need specialized equipment and expertise to fabricate. The sensors also have to be flexible and stretchable.

"It's novel to use single-atom catalysts to enhance the sensitivity and accuracy of the health monitor," said Annie Du, research professor in WSU's School of Mechanical and Materials Engineering. Qiu and Du led the study.

The health monitor the researchers developed is made of very tiny channels to measure the sweat rate and biomarkers' concentration. As they're being fabricated via 3D printing, the micro-channels don't require any supporting structure, which can cause contamination problems as they're removed, said Qiu.

"We need to measure the tiny concentrations of biomarkers, so we don't want these supporting materials to be present or to have to remove them," he said. "That's why we're using a unique method to print the self-supporting microfluidic channels."

When the researchers compared the monitors on volunteers' arms to lab results, they found that their monitor was accurately and reliably measuring the concentration of the chemicals as well as the sweating rate.

While the researchers initially chose three biomarkers to measure, they can add more, and the biomarkers can be customized. The monitors were also comfortable for volunteers to wear.

The researchers are now working to further improve the device design and validation. They are also hoping to commercialize the technology. The WSU Office of Commercialization has also filed a provisional patent application to protect the intellectual property associated with this technology.

The work was funded by the National Science Foundation and the Centers for Disease Control and Prevention, as well as through startup funds.
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Can AI learn like us? | ScienceDaily
It reads. It talks. It collates mountains of data and recommends business decisions. Today's artificial intelligence might seem more human than ever. However, AI still has several critical shortcomings.


						
"As impressive as ChatGPT and all these current AI technologies are, in terms of interacting with the physical world, they're still very limited. Even in things they do, like solve math problems and write essays, they take billions and billions of training examples before they can do them well, " explains Cold Spring Harbor Laboratory (CSHL) NeuroAI Scholar Kyle Daruwalla.

Daruwalla has been searching for new, unconventional ways to design AI that can overcome such computational obstacles. And he might have just found one.

The key was moving data. Nowadays, most of modern computing's energy consumption comes from bouncing data around. In artificial neural networks, which are made up of billions of connections, data can have a very long way to go. So, to find a solution, Daruwalla looked for inspiration in one of the most computationally powerful and energy-efficient machines in existence -- the human brain.

Daruwalla designed a new way for AI algorithms to move and process data much more efficiently, based on how our brains take in new information. The design allows individual AI "neurons" to receive feedback and adjust on the fly rather than wait for a whole circuit to update simultaneously. This way, data doesn't have to travel as far and gets processed in real time.

"In our brains, our connections are changing and adjusting all the time," Daruwalla says. "It's not like you pause everything, adjust, and then resume being you."

The new machine-learning model provides evidence for a yet unproven theory that correlates working memory with learning and academic performance. Working memory is the cognitive system that enables us to stay on task while recalling stored knowledge and experiences.

"There have been theories in neuroscience of how working memory circuits could help facilitate learning. But there isn't something as concrete as our rule that actually ties these two together. And so that was one of the nice things we stumbled into here. The theory led out to a rule where adjusting each synapse individually necessitated this working memory sitting alongside it, " says Daruwalla.

Daruwalla's design may help pioneer a new generation of AI that learns like we do. That would not only make AI more efficient and accessible -- it would also be somewhat of a full-circle moment for neuroAI. Neuroscience has been feeding AI valuable data since long before ChatGPT uttered its first digital syllable. Soon, it seems, AI may return the favor.
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Creation of a power-generating, gel electret-based device | ScienceDaily
A team of researchers from NIMS, Hokkaido University and Meiji Pharmaceutical University has developed a gel electret capable of stably retaining a large electrostatic charge. The team then combined this gel with highly flexible electrodes to create a sensor capable of perceiving low-frequency vibrations (e.g., vibrations generated by human motion) and converting them into output voltage signals. This device may potentially be used as a wearable healthcare sensor.


						
Interest in the development of soft, lightweight, power-generating materials has been growing in recent years for use in soft electronics designed for various purposes, such as healthcare and robotics. Electret materials capable of stably retaining electrostatic charge may be used to develop vibration-powered devices without external power sources. NIMS has been leading efforts to develop a low-volatility, room-temperature alkyl-p liquid composed of a p-conjugated dye moiety and flexible yet branched alkyl chains (a type of hydrocarbon compound). The alkyl-p liquids exhibit excellent charge retention properties, can be applied to other materials (e.g., through painting and impregnation) and are easily formable. However, when these liquids have been combined with electrodes to create flexible devices, they have proven difficult to immobilize and seal, resulting in leakage issues. Moreover, the electrostatic charge retention capacities of alkyl-p liquids needed to be increased in order to improve their power generation capabilities.

The research team recently succeeded in creating an alkyl-p gel by adding a trace amount of a low-molecular-weight gelator to an alkyl-p liquid. The elastic storage modulus of this gel was found to be 40 million times that of its liquid counterpart, and it could be simplified fixation and sealed. Moreover, the gel-electret obtained by charging this gel achieved a 24% increase in charge retention compared to the base material (i.e., the alkyl-p liquid), thanks to the improved confinement of electrostatic charges within the gel. The team then combined flexible electrodes with the gel-electret to create a vibration sensor. This sensor was able to perceive vibrations with frequencies as low as 17 Hz and convert them into an output voltage of 600 mV -- 83% higher than the voltage generated by an alkyl-p liquid electret-based sensor.

In future research, the team aims to develop wearable sensors capable of responding to subtle vibrations and various strain deformations by further improving the charging electret characteristics (i.e., charge capacity and charge life) and strength of the alkyl-p gel. Additionally, since this gel is recyclable and reusable as a vibration sensor material, its use is expected to help promote a circular economy.
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New catalyst unveils the hidden power of water for green hydrogen generation | ScienceDaily
Hydrogen is a promising chemical and energy vector to decarbonize our society. Unlike conventional fuels, hydrogen utilization as a fuel does not generate carbon dioxide in return. Unfortunately, today, most of the hydrogen that is produced in our society comes from methane, a fossil fuel. It does so in a process (methane reforming) that leads to substantial carbon dioxide emissions. Therefore, the production of green hydrogen requires scalable alternatives to this process.


						
Water electrolysis offers a path to generate green hydrogen which can be powered by renewables and clean electricity. This process needs cathode and anode catalysts to accelerate the otherwise inefficient reactions of water splitting and recombination into hydrogen and oxygen, respectively. From its early discovery in the late 18th century, the water electrolysis has matured into different technologies. One of the most promising implementations of water electrolysis is the proton-exchange-membrane (PEM), which can produce green hydrogen combining high rates and high energy efficiency.

To date, water electrolysis, and in particular PEM, has required catalysts based on scarce, rare elements, such as platinum and iridium, among others. Only a few compounds combine the required activity and stability at the harsh chemical environment imposed by this reaction. This is specially challenging in the case of anode catalysts, which have to operate at highly corrosive acidic environments -- conditions where only iridium oxides have shown stable operation at the required industrial conditions. But iridium is one of the scarcest elements on earth.

In search for possible solutions, a team of scientists has recently taken an important step to find alternatives to iridium catalysts. This multidisciplinary team has managed to develop a novel way to confer activity and stability to an iridium-free catalyst by harnessing so far unexplored properties of water. The new catalyst achieves, for the first time, stability in PEM water electrolysis at industrial conditions without the use of iridium.

This breakthrough, published in Science, has been carried out by ICFO researchers Ranit Ram, Dr. Lu Xia, Dr. Anku Guha, Dr. Viktoria Golovanova, Dr. Marinos Dimitropoulos, Aparna M. Das and Adrian Pinilla-Sanchez, and led by Professor at ICFO Dr. F. Pelayo Garcia de Arquer; and includes important collaborations from the Institute of Chemical Research of Catalonia (ICIQ), The Catalan Institute of Science and Technology (ICN2), French National Center for Scientific Research (CNRS), Diamond Light Source, and the Institute of Advanced Materials (INAM).

Dealing with the acidity

Combining activity and stability in highly acidic environment is challenging. Metals from the catalyst tend to dissolve, as most materials are not thermodynamically stable at low pH and applied potential, in a water environment. Iridium oxides combine activity and stability at these harsh conditions, and that is why they are the prevalent choice for anodes in proton-exchange water electrolysis.




The search for alternatives to iridium is not only an important applied challenge, but a fundamental one. Intense research on the look for non-iridium catalysts has led to new insights on the reaction mechanisms and degradation, especially with the use of probes that could study the catalysts during operation combined with computational models. These led to promising results using manganese and cobalt oxide-based materials, and exploiting different structures, composition, and dopants, to modify the physicochemical properties of the catalysts.

While insightful, most of these studies were performed in fundamental not-scalable reactors and operating at softer conditions that are far from the final application, especially in terms of current density. Demonstrating activity and stability with non-iridium catalysts in PEM reactors and at PEM-relevant operating conditions (high current density) had to date remained elusive.

To overcome this, the ICFO, ICIQ, ICN2, CNRS, Diamond Light Source and INAM researchers came up with a new approach in the design of non-iridium catalysts, achieving activity and stability in acid media. Their strategy, based on cobalt (very abundant and cheap), was quite different to the common paths.

"Conventional catalyst design typically focuses on changing the composition or the structure of the employed materials. Here, we took a different approach. We designed a new material that actively involves the ingredients of the reaction (water and its fragments) in its structure. We found that the incorporation of water and water fragments into the catalyst structure can be tailored to shield the catalyst at these challenging conditions, thus enabling stable operation at the high current densities that are relevant for industrial applications," explains Professor at ICFO, Garcia de Arquer. With their technique, consisting in a delamination process that exchanges part of the material by water, the resulting catalyst present as a viable alternative to iridium-based catalysts.

A new approach: the delamination process

To obtain the catalyst, the team looked into a particular cobalt oxide: cobalt-tungsten oxide (CoWO4), or in short CWO. On this starting material, they designed a delamination process using basic water solutions whereby tungsten oxides (WO42-) would be removed from the lattice and exchanged by water (H2O) and hydroxyl (OH-) groups in a basic environment. This process could be tuned to incorporate different amount of H2O and OH- into the catalyst, which would then be incorporated onto the anode electrodes.




The team combined different photon-based spectroscopies to understand this new class of material during operation. Using infrared Raman and x-rays, among others, they were able to assess the presence of trapped water and hydroxyl groups, and to obtain insights on their role conferring activity and stability for water splitting in acid. "Being able to detect the trapped water was really challenging for us," continues leading co-author Dr. Anku Guha. "Using Raman spectroscopy and other light-based techniques we finally saw that there was water in the sample. But it was not "free" water, it was confined water"; something that had a profound impact on performance.

From these insights, they started working closely with collaborators experts in catalyst modelling. "The modeling of activated materials is challenging as large structural rearrangments take place. In this case the delamination employed in the activation treatment increases the number of active sites and changes the reaction mechanism rendering the material more active. Understanding these materials requires a detailed mapping between experimental observations and simulations," says Prof. Nuria Lopez from ICIQ. Their calculations, led by a leading co-author Dr. Hind Benzidi, were crucial to understand how the delaminated materials, shielded by water, were not only thermodynamically protected against dissolution in highly acidic environments, but also active.

But, how is this possible? Basically, the removal of tungsten-oxide leaves a hole behind, exactly where it was previously located. Here is where the "magic" happens: water and hydroxide, which are vastly present in the medium, spontaneously fill the gap. This in turn shields the sample, as it renders the cobalt dissolution an unfavorable process, effectively holding the catalyst components together.

Then, they assembled the delaminated catalyst into a PEM reactor. The initial performance was truly remarkable, achieving higher activity and stability than any prior art. "We increased five times the current density, arriving to 1 A/cm2 -- a very challenging landmark in the field. But, the key is, that we also reached more than 600 hours of stability at such high density. So, we have reached the highest current density and also the highest stability for non-iridium catalysts," shares leading co-author Dr. Lu Xia.

"At the beginning of the project, we were intrigued about the potential role of water itself as the elephant in the room in water electrolysis," explains Ranit Ram, first author of the study and instigator of the initial idea. "No one before had actively tailored water and interfacial water in this way." In the end, it turned out to be a real game changer.

Even though the stability time is still far from the current industrial PEMs, this represents a big step towards making them not dependent on iridium or similar elements. In particular, their work brings new insights for water electrolysis PEMs design, as it highlights the potential to address catalyst engineering from another perspective; by actively exploiting the properties of water.

Towards the industrialization

The team has seen such potential in the technique that they have already applied for a patent, with the aim of scaling it up to industry levels of production. Yet, they are aware of the non-triviality of taking this step, as Prof. Garcia de Arquer notices: "Cobalt, being more abundant than iridium, is still a very troubling material considering from where it is obtained. That is why we are working on alternatives based on manganese, nickel and many other materials. We will go through the whole the periodic table, if necessary. And we are going to explore and try with them this new strategy to design catalysts that we have reported in our study."

Despite the new challenges that will for sure arise, the team is convinced of the potential of this delamination process and they are all determined to pursue this goal. Ram, in particular, shares: "I have actually always wanted to advance renewable energies, because it will help us as a human community to fight against climate change. I believe our studies contributed one small step into the right direction."
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        Solar technology: Innovative light-harvesting system works very efficiently
        Researchers are reporting progress on the road to more efficient utilization of solar energy: They have developed an innovative light-harvesting system.

      

      
        Almonds, pottery, wood help date famed Kyrenia shipwreck
        Researchers have identified the likeliest timeline of the famous Hellenistic-era Kyrenia shipwreck, discovered and recovered off the north coast of Cyprus in the 1960s.

      

      
        Ocean's loss of oxygen caused massive Jurassic extinction: Could it happen again?
        Researchers have found a chemical clue in Italian limestone that explains a mass extinction of marine life in the Early Jurassic period, 183 million years ago. Volcanic activity pumped out CO2, warming oceans and lowering their oxygen levels. The findings may foretell the impact climate change and oxygen depletion might have on today's oceans.

      

      
        Shocked quartz reveals evidence of historical cosmic airburst
        Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.

      

      
        Iceland's volcano eruptions may last decades
        Scientists predict from geochemical data that Iceland is entering a new volcanic era that will last for decades, possibly centuries. Under an hour's drive from the country's capital city, the ongoing eruptions pose considerable risks for economic disruption, and they leave evacuated communities uncertain of a possible return.

      

      
        Light-weight microscope captures large-scale brain activity of mice on the move
        With a new microscope that's as light as a penny, researchers can now observe broad swaths of the brain in action as mice move about and interact with their environments.

      

      
        Rewriting the armadillo family tree: A new species, plus a name change for the state mammal of Texas
        The nine-banded armadillo, which ranges all the way from Argentina to Nebraska, is actually four separate species. One of the species, the Guianan long-nosed armadillo, is new to science. Meanwhile, the species that has migrated from Mexico to the United States (and is the official small mammal of Texas) is now called the Mexican long-nosed armadillo.

      

      
        Zebrafish reveal how bioelectricity shapes muscle development
        New research describes how nerve cells and muscle cells communicate through electrical signals during development -- a phenomenon known as bioelectricity. The communication, which takes place via specialized channels between cells, is vital for proper development and behavior. The study identifies specific genes that control the process, and pins down what happens when it goes wrong. The finding offers clues to the genetic origins of muscle disorders in humans.

      

      
        'A hearty debate' concludes plant-based meat alternatives are healthier for your heart than meat
        Even though there is substantial variability in the contents and nutritional profiles of plant-based meat alternatives (PBMAs), the nutritional profiles tend to reflect a heart-healthy dietary pattern. A review article of the available studies directly comparing the impact of plant-based and animal-based meats consistently suggests that the plant-based alternatives improve cardiovascular risk factors.

      

      
        Non-stop flight: 4,200 km transatlantic flight of the Painted Lady butterfly mapped
        In October 2013 a researcher made a surprising discovery of Painted Lady Butterflies on the Atlantic beaches of French Guiana -- a species not typically found in South America. This unusual sighting prompted an international study to investigate the origin of these butterflies.

      

      
        For many urban residents, it's even hotter than their weather app says
        There's a strong chance that last week's scorching temperatures were even hotter than reported for those living in underserved urban areas. New research from environmental engineers has shown that citizen science tools used to gauge heat in these urban areas likely understate the problem of heat islands due to a lack of weather stations. The researchers also suggest a statistical method to improve estimates of urban heat.

      

      
        Wildfires increasingly threaten oil and gas drill sites, compounding potential health risks
        More than 100,000 oil and gas wells across the western U.S. are in areas burned by wildfires in recent decades, a new study has found, and some 3 million people live next to wells that in the future could be in the path of fires worsened by climate change.

      

      
        Team aims to improve safety of fertilizers made from wastewater sludge
        Fertilizers manufactured from the sludgy leftovers of wastewater treatment processes can contain traces of potentially hazardous organic chemicals, according to a new study. The research provides one of the most comprehensive looks at the chemical composition of so-called biosolids across the country and is the first step toward identifying common chemical contaminants that may need government regulation.

      

      
        3D-printed chip sensor detects foodborne pathogens for safer products
        Researchers have developed a new method for detecting foodborne pathogens that is faster, cheaper, and more effective than existing methods. Their microfluidic chip uses light to detect multiple types of pathogens simultaneously and is created using 3D printing, making it easy to fabricate in large amounts and modify to target specific pathogens. The researchers hope their technique can improve screening processes and keep contaminated food out of the hands of consumers.

      

      
        Should you eat more dietary fiber? New study says it depends
        Nutritionists generally advise everyone to eat more dietary fiber, but a new study suggests that its effects on health can vary from person to person. The findings indicate that recommendations should be tailored to each individual's gut microbiome.

      

      
        Myths about intermittent fasting, debunked
        Research shows that the increasingly popular weight-loss strategy is safe. Intermittent fasting has become an increasingly popular way to lose weight without counting calories. And a large body of research has shown it s safe. Still, several myths about fasting have gained traction.

      

      
        Rare Samoan discovery offers clues to origins of inequality
        The origins of hierarchical society in Samoa and wider Polynesia have likely been uncovered by a new study led by archaeologists.

      

      
        Drivers ready to embrace wireless EV technology
        Drivers are optimistic about 'on road' dynamic wireless charging that allows EV users to charge their batteries while driving -- but there are concerns.

      

      
        Fuel treatments reduce future wildfire severity
        There is a common belief that prescribed burning, thinning trees, and clearing underbrush reduce risks of the severity of future fires. But is that true? A new project analyzing 40 studies where wildfire burned into different vegetation treatments, spanning 11 western states. Researchers found overwhelming evidence that in seasonally dry mixed conifer forests in the western U.S., reducing surface and ladder fuels and tree density through thinning, coupled with prescribed burning or pile burning, ...

      

      
        New study confirms forever chemicals are absorbed through human skin
        A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.

      

      
        Removal of excess chloride ions by plants when subjected to salt stress
        Researchers have discovered a salt adaptation mechanism in plants that facilitates chloride removal from the roots and enhancing salinity tolerance. A research team has uncovered a novel mechanism of plant adaptation to salt stress involving the NaCl-induced translocation of a specific chloride channel protein, AtCLCf.

      

      
        How cells boost gene expression
        The function of non-coding RNA in the cell has long been a mystery to researchers. Unlike coding RNA, non-coding RNA does not produce proteins -- yet it exists in large quantities. A research team has now discovered an important function of antisense RNA (asRNA): the researchers found that asRNA acts as a 'superhighway' in cell transport and thus accelerates gene expression.

      

      
        Carbon dioxide's heavy stamp on temperature: Doubling CO2 may mean 7 to 14 degree increase
        A doubling of the amount of CO2 in the atmosphere could cause an increase in the average temperature on earth from 7 to even a maximum of 14 degrees. That is shown in the analysis of sediments from the Pacific Ocean off the coast of California.

      

      
        New tomato, potato family tree shows that fruit color and size evolved together
        A new family tree of the plant genus Solanum helps explain the striking diversity of their fruit color and size. This genus includes tomatoes, potatoes, eggplants, and other economically important plants.

      

      
        Simple test for flu could improve diagnosis and surveillance
        Fewer than one percent of people who get the flu every year get tested, in part because most tests require trained personnel and expensive equipment. Now researchers have developed a low-cost paper strip test that could allow more patients to find out which type of flu they have and get the right treatment. The test uses CRISPR to distinguish between the two main types of seasonal flu, influenza A and B, as well as seasonal flu subtypes H1N1 and H3N2. It can also identify strains that resist anti...

      

      
        Study challenges popular idea that Easter islanders committed 'ecocide'
        Some 1,000 years ago, a small band of Polynesians sailed thousands of miles across the Pacific to settle one of the world's most isolated places -- a small, previously uninhabited island they named Rapa Nui. Eventually, their numbers ballooned to unsustainable levels, they wrecked the environment, and their civilization collapsed. At least that is the longtime story, told in academic studies and popular books. A new study challenges this narrative of 'ecocide' saying that Rapa Nui's population ne...

      

      
        Boosting biodiversity without hurting local economies
        Protected areas, like nature reserves, can conserve biodiversity without harming local economic growth, countering a common belief that conservation restricts development. A new study outlines what is needed for conservation to benefit both nature and people.

      

      
        Human activity: A double-edged sword in the face of drought
        A professor analyzes the conflicting impacts of human activities on extreme spring droughts.

      

      
        Resiliency shaped by activity in the gut microbiome and brain
        A new study has found that resilient people exhibit neural activity in the brain regions associated with improved cognition and regulating of emotions, and were more mindful and better at describing their feelings.

      

      
        Promise green hydrogen may not always be fulfilled
        Green hydrogen often, but certainly not always, leads to CO2 gains.

      

      
        Unifying behavioral analysis through animal foundation models
        Behavioral analysis can provide a lot of information about the health status or motivations of a living being. A new technology makes it possible for a single deep learning model to detect animal motion across many species and environments. This 'foundational model', called SuperAnimal, can be used for animal conservation, biomedicine, and neuroscience research.

      

      
        AI-driven plant root analysis
        As part of an investigation to boost agricultural yields and develop crops that are resilient to climate change, Berkeley Lab scientists have introduced RhizoNet, a computational tool that harnesses the power of AI to transform how we study plant roots and root behavior under various environmental conditions. A paper describing their innovative deep-learning approach, combined with a unique hydroponic device that facilitates in-situ plant imaging, was published June 5 in Scientific Reports.

      

      
        Restoring the Great Salt Lake would have environmental justice as well as ecological benefits
        Inland seas around the world are drying up due to increasing human water use and accelerating climate change, and their desiccation is releasing harmful dust that pollutes the surrounding areas during acute dust storms. Using the Great Salt Lake in Utah as a case study, researchers show that dust exposure was highest among Pacific Islanders and Hispanic people and lower in white people compared to all other racial/ethnic groups, and higher for individuals without a high school diploma. Restoring ...

      

      
        How to make aging a 'fairer game' for all wormkind
        Researchers have discovered a new fundamental mechanism governing the rules of ageing in worms. The researchers were able to manipulate the mechanism through genetic interventions which dramatically extend not just the lifespan of the worms, but also their health-span. In other words, trading weak, frail old age with vigorous golden years -- all without altering their diet, environment or other external factors.

      

      
        New study finds dinosaur fossils did not inspire the mythological griffin
        For centuries, scientists thought they knew where the griffin legend came from. A new study takes a closer look at the data and folklore's influence on science.

      

      
        Changing climate will make home feel like somewhere else
        The impacts of climate change are being felt all over the world, but how will it impact how your hometown feels? An interactive web application allows users to search 40,581 places and 5,323 metro areas around the globe to match the expected future climate in each city with the current climate of another location, providing a relatable picture of what is likely in store.

      

      
        Newly discovered dinosaur boasts big, blade-like horns
        A new dinosaur has been identified and named. The dinosaur's name, Lokiceratops rangiformis, translates roughly to 'Loki's horned face that looks like a caribou.'

      

      
        First conclusive evidence that a terrestrial leech species can jump
        A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century.

      

      
        Climate models underestimate carbon cycling through plants
        The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.

      

      
        Hurricane changed 'rules of the game' in monkey society
        A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.
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Solar technology: Innovative light-harvesting system works very efficiently | ScienceDaily
In order to convert sunlight into electricity or other forms of energy as efficiently as possible, the very first step is an efficient light-harvesting system. Ideally, this should be panchromatic, i.e. absorb the entire spectrum of visible light.


						
The light-collecting antennae of plants and bacteria are a model for this. They capture a broad spectrum of light for photosynthesis, but are very complex in structure and require many different dyes to transmit the energy of the absorbed light and focus it on a central point.

The light-harvesting systems developed by humans to date also have disadvantages:

Although inorganic semiconductors such as silicon are panchromatic, they only absorb light weakly. In order to absorb enough light energy, very thick layers of silicon in the micrometre range are therefore required -- making solar cells relatively bulky and heavy.

Organic dyes that are suitable for solar cells are much thinner: their layer thickness is only around 100 nanometres. However, they are barely able to absorb a broad spectral range and are therefore not particularly efficient.

Thin Layer Absorbs a Lot of Light Energy

Researchers at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany, in the journal Chem have now presented an innovative light-harvesting system that differs significantly from previous systems.




"Our system has a band structure similar to that of inorganic semiconductors. This means that it absorbs light panchromatically across the entire visible range. And it uses the high absorption coefficients of organic dyes. As a result, it can absorb a great deal of light energy in a relatively thin layer, similar to natural light-harvesting systems," says JMU chemistry professor Frank Wurthner. His team from the Institute of Organic Chemistry / Center for Nanosystems Chemistry designed the light-harvesting system at JMU and investigated it together with Professor Tobias Brixner's group from the Institute of Physical and Theoretical Chemistry.

Four Dyes in an Ingenious Arrangement

Put simply, the innovative light-harvesting antenna from Wurzburg consists of four different merocyanine dyes that are folded and thereby stacked closely together. The elaborate arrangement of the molecules enables ultra-fast and efficient energy transport within the antenna.

The researchers have given the prototype of the new light-harvesting system the name URPB. The letters stand for the light wavelengths that are absorbed by the four dye components of the antenna: U for ultraviolet, R for red, P for purple, B for blue.

Proven Performance Via Fluorescence

The researchers have demonstrated that their novel light-collecting system works so well by measuring the so-called fluorescence quantum yield. This involves measuring how much energy the system emits in the form of fluorescence. This allows conclusions to be drawn about the amount of light energy that it has previously collected.

The result: the system converts 38 per cent of the irradiated light energy over a broad spectral range into fluorescence -- the four dyes on their own, on the other hand, manage less than one per cent to a maximum of three per cent. The right combination and skilful spatial arrangement of dye molecules in the stack therefore make a big difference.
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Almonds, pottery, wood help date famed Kyrenia shipwreck | ScienceDaily
Historic shipwrecks often evoke dreams of sunken riches waiting on the bottom of the ocean to be reclaimed.


						
For the Cornell researchers trying to date the famous Hellenistic-era Kyrenia shipwreck, which was discovered and recovered off the north coast of Cyprus in the 1960s, the real treasure was not gold coins, but thousands of almonds found in jars among the cargo.

The almonds, combined with newly cleaned wood samples and the team's modeling and radiocarbon-dating expertise, led the Cornell Tree-Ring Laboratory to identify the likeliest timeline of the Kyrenia's sinking as between 296-271 BCE, with a strong probability it occurred between 286-272 BCE.

The team's paper, "A Revised Radiocarbon Calibration Curve 350-250 BCE Impacts High-Precision Dating of the Kyrenia Ship," will publish June 26 at 2 pm ET in PLoS ONE. The lead author is Sturt Manning, Distinguished Professor of Arts and Sciences in Classical Archaeology in the College of Arts and Sciences.

The Kyrenia has a storied legacy as the first major Greek Hellenistic-period ship to be found, in 1965, with a largely intact hull. From 1967-69, it was excavated along with its cargo, which included hundreds of ceramic vessels, then reassembled offsite and scientifically studied.

"Kyrenia was one of the first times it was realized this type of rich evidence from the classical world could be found largely intact more than 2,000 years later on the seabed, if you could find it," said Sturt Manning. "It was a bit of a landmark moment, the idea that you actually could dive, excavate and bring up a classical-era ship and so discover this long-past world directly. Shipwrecks are unique time capsules, and you can get amazing preservation."

For the last six decades, the Kyrenia has provided archeologists and historians with key insights into the development of ancient ship technology, construction practices and maritime trade. To date, no fewer than three Kyrenia replicas have been produced and launched, and these reconstructions have yielded considerable information on ancient ships and their sailing performance. However, the timeline of the Kyrenia's provenance and the exact date of its sinking has always been vague at best. The initial efforts to date the ship were based on its recovered artifacts, such as the pottery on board and a small batch of coins, which initially led researchers to estimate the ship was built and sank in the later 300s BCE.




"Classical texts and finds at port sites already told us this era was significant for widespread maritime trade and connections all around the Mediterranean -- an early period of globalization," Manning said. "But the discovery of the Kyrenia ship, just under 15 meters long, likely with a crew of four, dramatically made this all very immediate and real. It yielded key insights into the practicalities of the earlier part of a millennium of intense maritime activity in the Mediterranean, from Greek through Late Antique times."

The first volume of the final publication of the Kyrenia ship project, released last year, argued the wrecking date was a little later, closer to 294-290 BCE, but the primary piece of evidence -- a poorly preserved, nearly illegible coin -- was not watertight.

Manning's team, which included co-authors Madeleine Wenger '24 and Brita Lorentzen, '06, Ph.D. '15, sought to secure a date.

The perils of polyethylene glycol

The biggest hurdle for accurately dating the Kyrenia has been another artifact, one from the 20th century: polyethylene glycol (PEG). Excavators and preservationists often applied the petroleum-based compound to waterlogged wood to prevent it from decomposing after it was lifted out of the ocean's oxygen-free environment.

"PEG was a standard treatment for decades. The trouble is it's a petroleum product," Manning said, "which means that if you've got PEG in the wood, you have this contamination from ancient fossil carbon that makes radiocarbon dating impossible."

Manning's team worked with researchers at the University of Groningen in the Netherlands to develop a new method to clean PEG out of wood, and they demonstrated it on PEG-treated Roman-era samples from Colchester, England, that already had established dendrochronological (tree-ring sequence) dates.




"We removed the PEG from the wood, we radiocarbon dated it and we showed that in each case, we got a radiocarbon age consistent with the real (known) age," Manning said. "We basically got 99.9% of the PEG removed."

They used that technique to remove PEG from a Kyrenia sample that Manning and collaborators had tried, and failed, to accurately date 10 years ago. The team also now dated a tiny, twisted piece of wood that was salvaged from the Kyrenia in the late 1960s but was too small to be included in the reconstruction, thus avoiding PEG-treatment. It subsequently sat in a jar of water in a museum for 50-odd years.

The dates showed that the most recent preserved tree-rings from these timbers grew in the mid-later 4th century BCE. Because the samples did not include bark, the researchers couldn't determine the exact date the original trees were felled, but could say the date was likely after approximately 355-291 BCE.

Organic evidence

Working with the Kyrenia's original excavation team, the researchers examined its various artifacts, including the pottery and coins, with a focus on organic materials, including an astragalus (a sheep or goat ankle bone once used for games and divining rituals in several ancient cultures) and thousands of fresh green almonds found in some of the large amphorae, i.e., ceramic jars. These "short-lived" sample materials helped define the date of the ship's last voyage.

The team applied combined statistical modeling with the dendrochronology of the wood samples to get a level of dating that was much more precise than previous efforts. The modeling identified the most likely range of dates for the final voyage to be between 305-271 BCE (95.4% probability) and 286-272 BCE (68.3% probability) -- several years more recent than current estimations.

But there was one big hiccup along the way. The new dates didn't align with the international radiocarbon calibration curve, which is based on known-age tree-rings and is used to convert radiocarbon measurements into calendar dates for the northern hemisphere.

Manning took a closer look at data behind the calibration curve, which has been assembled over many decades by dozens of labs and hundreds of scientists. He discovered that the period between 350 and 250 BCE had no modern accelerator mass spectrometry (AMS) radiocarbon data behind it. Instead, the calibration curve in this period relied on only a few measurements conducted in the 1980s and 1990s using an older type of radiocarbon-dating technology. With collaborators in the U.S. and the Netherlands, the team measured known-age single-year sequoia and oak samples to re-calibrate the curve for the period 433-250 BCE. That not only helped clarify a big spike in radiocarbon production caused by a minimum of solar activity centered around 360 BCE, but also led to important revisions to the curve in the period around 300 BCE -- improvements that were critical to dating the Kyrenia.

Manning anticipates the new findings will not only clarify the timeline of the Kyrenia and its cargo but will also help researchers using the calibration curve for very different projects.

"This revised curve 400-250 BCE now has relevance to other problems that researchers are working on whether in Europe or China or somewhere else in the northern hemisphere," he said. "Half of the people who cite the paper in the future will be citing the fact that we've revised the radiocarbon calibration curve in this period, and only half will be saying the Kyrenia shipwreck is really important and has a much better date."

Co-authors include researchers from the Oxford Dendrochronology Laboratory, the University of Groningen and the University of California, Irvine.
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Ocean's loss of oxygen caused massive Jurassic extinction: Could it happen again? | ScienceDaily
Researchers have discovered a clue in Italian limestone that helps explain a mass extinction of marine life millions of years ago, and may provide warnings about how oxygen depletion and climate change could impact today's oceans.


						
"This event, and events like it, are the best analogs we have in Earth's past for what is to come in the next decades and centuries," said Michael A. Kipp, an earth and climate science assistant professor at Duke University. Kipp co-authored a study published June 24 in the Proceedings of the National Academy of Sciences that measures oxygen loss in oceans leading to the extinction of marine species 183 million years ago.

During the Jurassic Period, when marine reptiles like ichthyosaurs and plesiosaurs thrived, volcanic activity in modern South Africa released an estimated 20,500 gigatons of carbon dioxide (CO2) over 500,000 years. This heated the oceans, causing them to lose oxygen.

The result was the suffocation and mass extinction of marine species.

"It's an analog, but not a perfect one, to predict what will happen to future oxygen loss in oceans from human-made carbon emissions, and the impact that loss will have on marine ecosystems and biodiversity," said co-author Mariano Remirez, an assistant research professor at George Mason University.

Studying limestone sediment that carries chemicals dating back to the time of the volcanic outburst, researchers were able to estimate the change in oxygen levels in ancient oceans. At one point, oxygen was completely depleted in up to 8% of the ancient global seafloor, an area roughly three times the size of the United States.

Since the Industrial Revolution began in the 18th and 19th centuries, human activity has released CO2 emissions equivalent to 12% of what was released during the Jurassic volcanism.

But Kipp said that today's rapid rate of atmospheric CO2 release is unprecedented in history, making it hard to predict when another mass extinction might occur or how severe it might be.

"We just don't have anything this severe," Kipp said. "We go to the most rapid CO2-emitting events we can in history, and they're still not rapid enough to be a perfect comparison to what we're going through today. We're perturbing the system faster than ever before."

"We have at least quantified the marine oxygen loss during this event, which will help constrain our predictions of what will happen in the future," Kipp said.
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Shocked quartz reveals evidence of historical cosmic airburst | ScienceDaily
Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.


						
Now, UC Santa Barbara emeritus professor James Kennett and colleagues report the presence of proxies associated with the cosmic airburst distributed over several separate sites in the eastern United States (New Jersey, Maryland and South Carolina), materials indicative of the force and temperature involved in such an event, including platinum, microspherules, meltglass and shock-fractured quartz. The study appears in ScienceOpen's journal Airbursts and Cratering.

"What we've found is that the pressures and temperatures were not characteristic of major crater-forming impacts but were consistent with so-called 'touchdown' airbursts that don't form much in the way of craters," Kennett said.

The Earth is bombarded every day by tons of celestial debris, in the form of tiny dust particles. On the other end of the scale are the extremely rare and cataclysmic impacts like the Chicxulub event that 65 million years ago caused the extinction of dinosaurs and other species. Its 150-kilometer-wide (93 miles) impact crater can be found in the Yucatan Peninsula in Mexico.

Somewhere in between are the impacts that don't leave craters on the Earth's surface but are nevertheless destructive. The shockwave from the 1908 Tunguska event knocked down 2,150 square kilometers (830 square miles) of forest, as the roughly 40-meter (130 ft) diameter asteroid collided with the atmosphere almost 10 kilometers (6 miles) above the Siberian taiga.

The comet thought to be responsible for the Younger Dryas cooling episode is estimated to have been 100 kilometers wide (62 miles) -- much larger than the Tunguska object, and fragmented into thousands of pieces. The sediment layer associated with the airburst stretches across much of the northern hemisphere, but can also be found in locations south of the equator. This layer contains unusually high levels of rare materials associated with cosmic impacts, such as iridium and platinum, and materials formed under high pressures and temperatures, such as magnetic microspherules (cooled-down metallic droplets), meltglass and nanodiamonds.

Shocked quartz and amorphous silica

The researchers are particularly interested in the presence of shocked quartz, indicated by a pattern of lines, called lamellae, that shows stress great enough to deform the crystal structure of quartz, a very hard material. This "creme de la creme" of cosmic impact evidence is present in impact craters, however linking shocked quartz to cosmic airbursts has proven to be more of a challenge.




"In the extreme form, such as when an asteroid hammers into the Earth's surface, all the fractures are very parallel," Kennett explained. In the realm of cosmic airbursts, different variables are present in the realm of cosmic airbursts. "When you think about it, the pressures and temperatures that produce these fractures will vary depending on the density, entry angle, altitude of the impact and the impactor's size.

"What we found -- and this is what is characteristic of the impact layer, called the Younger Dryas Boundary -- is that although we do occasionally see in the quartz grains examples of the 'traditional' shocked quartz with parallel fractures, we mostly see grains that are not parallel," he said. These fractures are seen in an irregular, web-like pattern of intersecting, meandering lines and surface and subsurface fissures, in contrast to the parallel and planar deformations of impact-associated shocked quartz found at craters. These subparallel and subplanar deformations are due in large part to the relatively lower pressures caused by explosions that occur above the ground, the researchers assert, as opposed to impacts that make contact with the Earth.

What these sediments do share with the shocked quartz at crater sites is the presence of amorphous silica -- melted glass -- in these fractures. And that, the researchers say, is evidence of the combination of pressure and high temperatures (greater than 2000 degrees Celsius) that could have come from a low-altitude bolide airburst. Similarly fractured quartz grains and meltglass have been found in more present-day samples of above ground explosions, such as at the Trinity atomic bomb test site in New Mexico. The roughly 20-kiloton bomb was detonated atop a 30.5 meter (100 foot) tower.

These lower-pressure shocked quartz grains join a growing suite of impact proxies that together make a case for a fragmented comet that not only caused widespread burning, but also abrupt climatic change that resulted in the extinctions of 35 genera of megafauna in North America, such as the mammoths and giant ground sloths, and led to the collapse of a flourishing human culture called Clovis, according to the researchers.

"There's a whole range of different shocked quartz, so we have to make a well-documented case that they are indeed significant for interpreting cosmic impact, even though they're not reflecting a traditional major crater-forming event," Kennett said. "These are from very-low-altitude 'touchdown' airbursts almost certainly associated with cometary impact."
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Iceland's volcano eruptions may last decades | ScienceDaily
Iceland's ongoing volcanic eruptions may continue on and off for years to decades, threatening the country's most densely populated region and vital infrastructure, researchers predict from local earthquake and geochemical data.


						
The eruptions on the Reykjanes Peninsula have forced authorities to declare a state of emergency, with a series of eight eruptions having occurred since 2021. This southwestern region is home to 70 percent of the country's population, its only international airport, and several geothermal power plants that supply hot water and electricity. The most recent eruption in May through June triggered the evacuation of residents and visitors of the Blue Lagoon geothermal spa, a popular tourist attraction, for the third time in more than two months.

Although Iceland sees regular eruptions because it sits above a volcanic hot spot, the Reykjanes Peninsula has been dormant for 800 years. Its last volcanic era continued over centuries however, prompting scientists to predict the renewed volcanism to be the start of a long episode.

Under an hour's drive from the island's capital city Reykjavik, the eruptions pose considerable risks for economic disruption, and they leave evacuated communities uncertain of a possible return.

An international team of scientists has been watching the volcanoes over the past three years. Analyzing seismic tomography imaging and the composition of lava samples, they've uncovered parts of the geological processes behind the new volcanic era. They predict the region may have to prepare for recurring eruptions lasting years to decades and possibly centuries.

The researchers report their findings in a paper published June 26 in the journal Terra Nova. The project included collaborations from the University of Oregon, Uppsala University in Sweden, University of Iceland, Czech Academy of Sciences and University of California, San Diego. The work follows an earlier Nature Communications study of the initial Reykjanes eruptions in 2021.

Almost all of Iceland's island is built from lava, said Ilya Bindeman, a volcanologist and earth sciences professor at the UO. The country sits on the Mid-Atlantic Ridge, the tectonic plate boundary that causes North America and Eurasia to push further apart. The drifting of these plates can spark volcanic eruptions when hot rock from the earth's mantle -- the middle and largest layer of the planet -- melts and rises to the surface.




Although scientists know the origin of Reykjanes Peninsula's current eruptions is plate movement, the kind of magma storage and plumbing systems that feed them are unidentified, Bindeman said. The peninsula consists of eight volcanically active sites, so understanding whether there is one shared magma source or multiple independent ones and their depth can help predict the duration and impact of these eruptions.

Using geochemical and seismic data, the researchers investigated whether the magma of the initial eruptions from one volcano in the peninsula from 2021 to 2023 came from the same source as the magma in the recent eruptions of a different volcano to the west.

Bindeman specializes in isotopic analysis, which can help identify the "fingerprint" of magma. Magma is made of mostly eight elements, including oxygen and hydrogen, and 50 different trace elements in smaller concentrations and various ratios. The unique combination of trace elements can help differentiate magma sources from one another. Scientists can also measure the abundance of isotopes, elements with the same chemical property but different masses, in the magma. There are three different isotopes of oxygen, for example, Bindeman said.

"In the air we breathe, there's a mixture of these oxygen isotopes and we don't feel the difference," he said. "Their differences are usually not important for chemical reactions but are important to recognize as their relative abundances in magma can differentiate one magma source from another."

Analyzing samples of lava rock from two different volcanoes in the peninsula, their similar fingerprints implied a shared magma storage zone below the peninsula. Imaging of earth's interior based on local earthquakes also suggested the existence of a reservoir about 5.5 to 7.5 miles in the earth's crust, the shallowest layer.

However, that storage is ultimately fed by the melting rock deeper in the mantle, which can cause eruptions that last decades, with hundreds of square miles of magma surfacing, Bindeman said. Iceland's hotspot also will have no problem fountaining that flow, he said.




Although this marks the beginning of potentially persistent volcanic episodes in Iceland, the researchers can't precisely predict yet how long the episodes and the gaps between each will last.

"Nature is never regular," Bindeman said. "We don't know how long and how frequently it will continue for the next ten or even hundred years. A pattern will emerge, but nature always has exceptions and irregularities."

Discussions are continuing on plans to safely drill into the volcanic sites to glean insights into the geological processes driving the eruptions.

Because the volcanic activity is less volatile and explosive than eruptions in other countries, it provides a rare opportunity for scientists to approach fissures actively erupting lava, Bindeman said. He called it a "natural laboratory" both astonishing and chilling.

"When you witness a volcanic eruption, you can feel that these are the massive forces of nature, and you yourself are very small," Bindeman said. "These events are ordinary from the geological scale, but from the human scale, they can be devastating."
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Light-weight microscope captures large-scale brain activity of mice on the move | ScienceDaily
As a mouse explores its environment, millions of neurons across the brain fire in sync. To study only a small subsection at a time would be to miss the forest for the trees, but powerful microscopes capable of capturing the entire mouse brain simultaneously are too heavy to mount on a moving mouse.


						
Now, a new study in Nature Biomedical Engineering presents an innovative solution to this problem: a microscope that weighs only as much as a US penny but can capture broad swaths of brain activity with unprecedented resolution. "The ability to observe the brain as mice engage in natural behaviors, such as social interactions and prey capture, will advance our understanding of how brain-wide distributed neuroactivity relates to naturalistic behavior," says Rockefeller's Alipasha Vaziri, who led the study.

Mouse-sized microscopy

Larger mammals can accommodate standard head-mounted microscopes, and even rats can support tech weighing about 20 grams, or eight US pennies. However, mice, which are the go-to model organisms for understanding the brain at work, are much smaller. Microscopes designed to fit them must weigh less than three grams.

"In recent years we've seen an explosion of head-mounted microscopes for mice, but they typically support only imaging fields of view of a few hundred micrometers at cellular resolution, since the involved design complexity for larger fields of view comes with an unsustainable weight penalty," Vaziri says. Existing models that are light enough for mice to carry invariably compromise the microscope's field of view, resolution, and depth range (or a combination thereof) and are prone to motion-induced artifacts.

Prior attempts to overcome this limitation were geared toward making whatever technology already existed weigh less--swapping out metal parts for plastic, for instance, while maintaining the basic optical design of microscopes (especially those capable of imaging increased fields of view) in which a heavy lens forms a major part of the weight. Vaziri addressed this challenge in what he calls "a principled approach". Instead of trying to make a complex system lens-based system weigh less, he clarified what the technology's goals really were: solving a high-resolution mapping problem between points in a 3D volume of the sample to points on the 2D surface of a camera. With that in mind, he set out to create a lightweight system that met those goals, without feeling constrained by the need to adapt on an image-preserving lens-based system.

"Everyone was using these multi-element heavy lenses, and trying to make them lighter," Vaziri says. " Instead of asking how to make lenses lighter, we solved an inverse problem and circumvented the issue, by developing an essentially lens-less strategy and freeing ourselves from the unnecessary constraints of lens-based image formation."

New thinking = new approach




Enter diffractive optical elements (DOEs). Unlike conventional lenses, which have a continuously curved surface to generate a spherical curvature of the wave front, DOEs use microstructures to manipulate light through diffraction, allowing for precise control of light waves. They are compact, lightweight, and effective. In microscopy, a traditional lens's function is to map the points in space on an object onto an image plane (like a camera sensor), ensuring that the image formed resembles the actual scene. However as one tries to form an image of larger and larger field of views while maintaining the resolution, the errors (optical aberrations) caused by a single lens necessitate more lens elements, resulting in a compound lens design.

Using DOEs, the Vaziri lab demonstrated that it is possible to map the positions between the scene and the sensor accurately without forming an image, and then use computational methods to reconstruct the original scene.

Without a hefty compound lens to weigh it down, the mini microscope weighs only 2.5 grams, and provides imaging that can capture broad sections of the mouse brain across a 3.6 x 3.6 mm2 field of view with 4 mm lateral resolution, 300 mm depth of field, and recording speed of 16 volumes per second. And most of its parts can be 3D printed, or make use of inexpensive, consumer-grade cell phone camera sensors. "If labs are interested, they could easily build these microscopes at low cost," Vaziri says.

Future iterations of the mini microscope may include wireless data transmission--the current model comes with cables that won't get in the way of a single mouse but could easily get tangled while observing multiple mice interacting with one another--and a fine-tuning of the tech to allow the observation of areas of the brain located deeper within the cortex.

"The system comes with some sacrifices, and is not nearly as high-performance as larger microscopes," Vaziri says. "But this is a key innovation, and one that could only have come from bringing fresh thinking to the problem and freeing oneself from perceived constraints."
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Rewriting the armadillo family tree: A new species, plus a name change for the state mammal of Texas | ScienceDaily
While their scaly armor and long claws look vaguely reptilian, armadillos belong to the same group of mammals as sloths and anteaters. There are nearly two dozen species of armadillos, from six-inch long "pink fairies" to giant armadillos that measure five feet long from snout to tail. The nine-banded armadillo has long been considered the most widespread, ranging from the central United States to Argentina. However, a new study published in Systematic Biology used DNA and museum collections to reveal that what has been called the nine-banded armadillo is actually four distinct species, including one that's new to science.


						
"It was widely accepted that the nine-banded armadillo, Dasypus novemcinctus, ranges from northern Argentina all the way to southern Illinois, but in recent years, some scientists have been putting forth evidence that this is actually a complex of multiple different species," says Frederic Delsuc, a research director at the National Center for Scientific Research (CNRS) in France and the study's senior author. "By studying the DNA of armadillos from all along this range, we put together a very detailed genomic analysis that makes us very confident that they are actually four species."

The finding is particularly noteworthy in the United States, because the armadillo formerly known as nine-banded has made its way from Mexico to many US states in the past two centuries and is the official small mammal of Texas. "With the new classification, the armadillo that's found in the United States should now be called the Mexican long-nosed armadillo," says Anderson Feijo, assistant curator of mammals at the Field Museum in Chicago's Negaunee Integrative Research Center and a co-author of the study. Moreover, "the new species, the Guianan long-nosed armadillo, is the first armadillo described in the last 30 years."

Delsuc began working on armadillo genetics in 1998 comparing samples from the invasive US populations with those found in French Guiana. At the time, he was sequencing mitochondrial DNA, a type of genetic material that is only inherited through the mother. His work pointed to splits within the nine-banded species, but at the time, there wasn't enough evidence to formally separate them into different species, as a more geographically widespread sampling was lacking. Still, that was "the first evidence that there was something really strange going on," says Delsuc.

The authors of the new study, including Delsuc, Feijo, Mathilde Barthe, a PhD student with Delsuc at the University of Montpellier and the study's first author, and Maria-Clara Arteaga from the Center for Scientific Research and Higher Education at Ensenada in Mexico, worked to create a much larger sample set of nine-banded armadillos. This allowed the team to study how the animals' physical characteristics, as well as their DNA, changed across their wide range. In addition to sampling blood and tissue from armadillos hit by cars, the scientists were able to supplement their sampling with museum specimens, for a total of 81 armadillos.

"Museums were crucial to the study," says Feijo. Natural history collections, including those at the Field Museum, contain skeletons and skins that serve as vouchers for scientists studying those species. The researchers were able to clip tiny pieces of dried skin from the armadillo specimens at numerous museums. They then used chemicals to eat away the tissues, leaving DNA behind. "Most of the specimens were collected before all these DNA molecular techniques were available. So in addition to museum collections being valuable to the research being done at the time a specimen is collected, it can be used in the future for things we can't even predict," says Feijo.

The combination of genetic data and morphological, or physical, traits led the scientists to the conclusion that the nine-banded armadillo, Dasypus novemcinctus, is actually four genetically distinct species. Accordingly, several subspecies within this species have been elevated to being species in their own right. The armadillos found in Mexico and the United States, formerly in the subspecies Dasypus novemcinctus mexicanus, are now just Dasypus mexicanus: the Mexican long-nosed armadillo. The subspecies fenestratus, found in the central part of the range, is now its own species, and the original species name novemcinctus is now restricted to South America.




Meanwhile, the data showed that another branch of the armadillo family tree didn't belong in any of these three pre-existing groups. A region of northeastern South America, known as the Guiana Shield, is home to the newest armadillo species: Dasypus guianensis, the Guianan long-nosed armadillo.

The new armadillo is a bit bigger than the other three species, has a hairless shell, a robust, dome-shaped skull, and an additional bone in its spine. But overall, all four species look very similar to the untrained eye. "They're almost impossible to differentiate in the field," says Delsuc.

That begs the question: if these armadillos look so similar that it takes DNA analysis to tell them apart, then why bother splitting them into different species? Just because the armadillos look similar to each other, their genes tell a different story. "Now that we know there are four distinct species, we might also expect they have their own ecological requirements that might not be the same," says Feijo.

These different needs in terms of food and habitat could be important for scientists working to preserve healthy populations of these animals in different areas. "Sometimes, biologists bring individuals from one area to another to repopulate," Feijo notes. "Since they're different species, with potentially different needs, they will not be able to integrate." And while the nine-banded armadillo has not been considered endangered, "this discovery totally shifts the way we think about conservation for these species and the way we think about how threatened they are," Feijo adds.

This study was contributed to by scientists from the National Center for Scientific Research (CNRS), the University of Montpellier, Uppsala University, the University of Cyprus, the Center for Scientific Research and Higher Education at Ensenada, the Field Museum, the Chinese Academy of Sciences, Valdosta State University, and the Institut Pasteur de la Guyane.
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Zebrafish reveal how bioelectricity shapes muscle development | ScienceDaily
A question left unanswered in a biologist's lab notebook for 40 years has finally been explained, thanks to a little fish that couldn't wriggle its tail.


						
New research from the University of Oregon describes how nerve cells and muscle cells communicate through electrical signals during development -- a phenomenon known as bioelectricity.

The communication, which takes place via specialized channels between cells, is vital for proper development and behavior. The study identifies specific genes that control the process, and pins down what happens when it goes wrong.

The finding offers clues to the genetic origins of muscle disorders in humans, and taps into longstanding questions in developmental biology.

"This is something many of us have wondered about for many, many years -- and now we've figured it out!" said Judith Eisen, the UO neuroscientist who, in the 1980s, spotted a communication pattern between zebrafish muscle cells that she couldn't explain.

Eisen and her colleagues report their findings in a paper published June 26 in Current Biology.

The work ties together three generations of UO neuroscientists and provides a lesson for all researchers: keep those lab notebooks. Eisen unearthed her original hardcover notebooks when moving into temporary lab space for a building renovation a few years ago. The sketches and shorthand notes she recorded in ink years ago are still relevant today.




A muscular mystery

In 1983, Eisen was a postdoctoral researcher in the lab of Monte Westerfield, just beginning her career at the UO. She was part of a small group of scientists working to establish zebrafish as a new model organism, hoping to use these small, shimmery fish to probe questions about the development of vertebrate animals.

Model organisms like mice, fruit flies and worms allow scientists to do experiments that aren't possible in humans, answering fundamental biological questions and providing guidance for more focused testing in humans.

Zebrafish were a promising addition to the scene. Zebrafish and humans share many genes, making the fish useful for testing the genetic underpinnings of human diseases and conditions. And because zebrafish embryos are transparent, scientists can watch development happen in real time under the microscope.

But at the time, everything about this system was new. Biologists had to figure out how to care for the fish in the lab and effectively use them in experiments.

One day, Eisen and Westerfield were using a yellow tracing dye to highlight individual nerve cells in the zebrafish, for observation under the microscope. The cells they wanted to reach could only be accessed by inserting a pipette filled with the glowing dye through the muscles. So some dye ended up mingling with the muscle cells, too.




Eisen and Westerfield were intrigued by the way the dye spread through the muscle cells. It spread cell-to-cell in a way that suggested that the cells were sharing messages directly -- via some physical connecting channel between them, rather than via longer-range chemical messengers.

This didn't fit the understanding of how adult muscle cells communicate with each other. But there was a dawning realization in the field that connections between muscle cells might be important during muscle development.

Eisen sketched out what she saw in her lab notebook, as did Westerfield. But there wasn't a good way to probe further, Eisen said. While scientists at the time knew these sorts of communication channels existed, they didn't know the genes that created them, or have the tools to ask what they were doing. So it was a dead end.

Eisen moved onto other questions, making major contributions to the field of developmental biology over the course of her career. This April, she was inducted into the National Academy of Sciences.

Over the last 40 years, Eisen and her UO colleagues, alongside scientists around the world, have continued to develop the zebrafish as a model organism. The advance of genetic technologies has made this little fish an even more powerful ally for understanding biology.

A fish that couldn't swim

A few years ago, Eisen's observation resurfaced in the lab of another UO neuroscientist, Adam Miller.

Miller was recruited to the University of Oregon by Eisen and colleagues to build a research group focused on electrical communication between cells. His lab studies how neural circuits build connections and create behavior. One area of focus is gap junctions, physical channels that allow electrical signals to move directly between cells. These communication pathways are particularly important during early development, as the body's many systems are getting set up and organized.

Zebrafish are the perfect species to study electrical communication. Thanks to their transparent embryos, "we can image electricity flowing through cells in real time," said Rachel Lukowicz-Bedford, a postdoc in Miller's lab.

While hunting for zebrafish with different gap junction mutations, Lukowicz-Bedford made an intriguing find: a zebrafish that couldn't move its tail properly. Usually, a zebrafish embryo will flop around and spontaneously flick its tail, but these fish didn't do that.

As they did experiments to figure out why, the team realized this fish might be a possible link back to Eisen's observation in muscle cells in the 1980s.

In healthy zebrafish, researchers can watch the electrical signals propagate through the gap junctions between muscle cells, like a plume of food dye diffusing into a cup of water. In fish with this mutation, the signals don't flow. The mutation was impairing electrical communication between the cells via the gap junctions.

And that communication breakdown led to improper muscular development, the team showed. In an ordinary healthy zebrafish, the muscle fibers are straight and orderly. In this zebrafish with this mutation, the muscle fibers are crinkly and wavy, like crepe paper streamers.

The researchers pinned the change on a mutation in a specific gene. Through a series of experiments, they showed that this gene, when functioning normally, makes the gap junction channels between muscle cells that allow the nervous system to coordinate the activity of early developing muscle. And without appropriate electrical signaling at the right time during development, the muscle fibers can't organize properly, causing crinkly muscle fibers and severe muscle defects.

"We figured out that this gap junction channel is a conduit -- it allows electricity from the nerve cells to be sent out to muscle fibers," Lukowicz-Bedford said.

The finding answers Eisen's decades-old question, sketched out in a lab notebook that she still has: The yellow dye was moving between muscle cells because of these specific communication channels.

More than a curiosity, though, the findings can help inform scientists' understanding of muscle development in humans. In disorders where muscles don't develop properly, faulty gap junction channels might be one cause, a link that was previously unknown.

"The gene we studied in this paper is not a weird zebrafish gene; it's also found in humans," Lukowicz-Bedford said. "By using zebrafish, we can go after this gene with basically unknown function in humans, and be able to understand what it's doing in context. We've been able to uncover the function of a gene that's been really elusive."

The research also illustrates that electrical signaling between different systems is critical for development. Similar communication is probably at play in the development of other body systems, too, the researchers suggest -- it's likely not specific just to muscles.

"The transfer of bioelectricity from one organ system to another is critical for development and adult function," Miller said. "Finding the genes that allow this to occur, understanding how they work, and exactly what goes wrong when communication is disrupted, will provide new insight into human disease."
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'A hearty debate' concludes plant-based meat alternatives are healthier for your heart than meat | ScienceDaily
Even though there is substantial variability in the contents and nutritional profiles of plant-based meat alternatives (PBMAs), the nutritional profiles tend to reflect a heart-healthy dietary pattern. A review article appearing in the Canadian Journal of Cardiology, published by Elsevier, of the available studies directly comparing the impact of plant-based and animal-based meats consistently suggests that the plant-based alternatives improve cardiovascular risk factors.


						
PBMAs are highly processed plant-based food products that typically replace meat in the diet. In Canada, the growing demand for PBMAs coincides with public health recommendations to reduce ultra-processed food consumption, which prompts the need to investigate the long-term health implications of PBMAs.

Lead author Matthew Nagra, ND, Vancouver, BC, Canada, says, "While the plant-based meat market has experienced significant growth in recent years and more and more Canadians are enjoying plant-based burgers, surprisingly little is known about how these meat alternatives may impact health and in particular cardiovascular disease risk. Thus, we sought to review the available literature on the topic to identify what is currently known and to provide direction for future research."

The authors of the article reviewed the research published from 1970 to 2023 on PBMAs, their contents, nutritional profiles, and impact on cardiovascular disease risk factors, such as cholesterol levels and blood pressure. Their analysis shows:
    	There is substantial variability in the contents and nutritional profiles of PBMAs.
    	On average, PBMAs tend to have a more heart-healthy nutritional profile than meat, although the high sodium content of some products may be of concern.
    	PBMAs have been shown to improve some cardiovascular risk factors, including cholesterol levels, in several randomized controlled trials.
    	PBMAs have not been shown to raise blood pressure, despite the high sodium content of some products.
    	There is currently a lack of long-term research evaluating how these alternatives may affect the risk of developing a heart attack or stroke.
    	There is currently little research on the healthfulness of some common components of PBMAs, such as vital wheat gluten (seitan).

The authors of the review article were surprised to find that there is a near complete lack of research on vital wheat gluten, which is the primary protein source incorporated into many popular PBMAs, and cardiovascular risk factors.

Dr. Nagra continues, "Further, the lack of research on cardiovascular outcomes as of 2023 is shocking, given that there are randomized controlled trials evaluating risk factors dating back to 1990. More detailed research is needed in light of the increasing consumption of PBMAs and our lack of knowledge of how these products impact risk."

In an accompanying editorial, J. David Spence, CM, MD, FRCPC, FAHA, Professor Emeritus of Neurology & Clinical Pharmacology, Western University, and Director, Stroke Prevention & Atherosclerosis Research Centre, Robarts Research Institute, London, ON, Canada, notes, "In an excellent review of PBMAs, Nagra et al. focus on reduction of cardiovascular risk factors, and the effects of various individual dietary factors on cardiovascular risk."

However, Professor Spence points out that, "What really matters is not the effect of individual components of a diet, nor the effect of diet on cardiovascular risk factors; it is the effect of diet on the actual risk of cardiovascular events such as myocardial infarction and stroke. Most physicians markedly underestimate the cardiovascular benefit of diet and place far too little emphasis on diet in the management of patients at high risk of cardiovascular events."

Senior author of the review article Ehud Ur, MB, FRCPC, Professor, Division of Endocrinology & Metabolism, University of British Columbia, Vancouver, BC, Canada, concludes, "For those looking to reduce their meat intake, especially if it's red meat, replacing that with PBMAs is likely a heart-healthy choice. For those who already limit their meat intake, PBMAs can be incorporated into a healthy dietary pattern as an excellent protein source; however, it may be beneficial to choose options that are lower in saturated fat and sodium if consuming them regularly."

Finally, Dr. Spence adds a note of caution regarding the dietary implications of egg consumption, saying, "Persons at risk of cardiovascular disease should limit meat intake and avoid egg yolk, so plant-based meat substitutes and egg substitutes are helpful to patients wishing to reduce their cardiovascular risk. Their effect on reducing actual cardiovascular risk is undoubtedly much greater than their effect on cardiovascular risk factors."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240626005307.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Non-stop flight: 4,200 km transatlantic flight of the Painted Lady butterfly mapped | ScienceDaily
In October 2013, Gerard Talavera, a researcher from the Botanical Institute of Barcelona at CSIC, made a surprising discovery of Painted Lady Butterflies on the Atlantic beaches of French Guiana -- a species not typically found in South America. This unusual sighting prompted an international study to investigate the origin of these butterflies.


						
A Combination of Novel Techniques Solves the Enigma

Using innovative multidisciplinary tools, the research team co-led by Gerard Talavera from the Institut Botanic de Barcelona (IBB, CSIC-CMCNB), Tomasz Suchan from the W. Szafer Institute of Botany, and Clement Bataille, associate professor inthe Department of Earth and Environmental Sciences at the University of Ottawa -- with Megan Reich, a postdoctoral researcher from the Department of Biology at uOttawa, Roger Vila and Eric Toro Delgado, scientists from the Institute of Evolutionary Biology (IBE, CSIC-UPF) and Naomi Pierce, a professor of Biology in the Department of Organismic and Evolutionary Biology at Harvard University -- embarked on a scientific mission to track the journey and origin of those mysterious Painted Ladies.

First, the research team reconstructed wind trajectories for the period preceding the arrival of these butterflies in October 2013. They found exceptionally favorable wind conditions that could support a transatlantic crossing from western Africa, opening the possibility that those individuals might have flown across the entire ocean.

After sequencing the genomes of these individuals and analyzing them in comparison to populations globally, researchers discovered that the butterflies had a closer genetic relatedness to African and European populations. This result eliminated the likelihood of these individuals coming from North America, thereby reinforcing the hypothesis of an oceanic journey.

Researchers leveraged a unique combination of next-generation molecular techniques. They sequenced the DNA of pollen grains carried by these butterflies. They identified two species of plants that only grow in tropical Africa indicating that the butterflies nectared on African flowers before engaging into their transatlantic journey. They analyzed hydrogen and strontium isotopes in the butterflies' wings, a chemical signal that acts as a "fingerprint" of the region of natal origin. Combining isotopes with a model of habitat suitability for larval growth revealed potential natal origin in western Europe, possibly France, Ireland, the United Kingdom, or Portugal.

Dr. Bataille underlines the methodological novelty of this study: "It is the first time that this combination of molecular techniques including isotope geolocation and pollen metabarcoding is tested on migratory insects. The results are very promising and transferable to many other migratory insect species. The technique should fundamentally transform our understanding of insect migration."

"We usually see butterflies as symbols of the fragility of beauty, but science shows us that they can perform incredible feats. There is still much to discover about their capabilities," emphasizes Roger Vila, a researcher at the Institute of Evolutionary Biology (CSIC-Pompeu Fabra University) and co-author of the study.




Buoyed by the Winds

The researchers assessed the viability of a transatlantic flight by analyzing the energy expenditure for the journey. They predicted that the flight over the ocean, lasting 5 to 8 days without stops, was feasible due to advantageous wind conditions. "The butterflies could only have completed this flight using a strategy alternating between active flight, which is costly energetically, and gliding the wind. We estimate that without wind, the butterflies could have flown a maximum of 780 km before consuming all their fat and, therefore, their energy," comments Eric Toro-Delgado, one of the article's co-authors.

The Saharan air layer is emphasized by researchers as a significant aerial route for dispersion. These wind currents are known to transport large amounts of Saharan dust from Africa to America, fertilizing the Amazon. This study now shows that these air currents are capable of transporting living organisms.

The Potential Impact of Migrations in the Context of Global Change

This finding indicates that natural aerial corridors connecting continents may exist, potentially facilitating the dispersal of species on a much larger scale than previously imagined.

"I think this study does a good job of demonstrating how much we tend to underestimate the dispersal abilities of insects. Furthermore, it's entirely possible that we are also underestimating the frequency of these types of dispersal events and their impact on ecosystems," comments Megan Reich, a Postdoctoral Fellow at the University of Ottawa who also coauthored the study.

Gerard Talavera, the study's lead researcher, adds, "Throughout history, migratory phenomena have been important in defining species distributions as we observe them today."

Researchers emphasize that due to global warming and changing climate patterns, we may witness more notable changes and a potential increase in long-distance dispersal events. This could significantly impact biodiversity and ecosystems worldwide. "It is essential to promote systematic monitoring routines for dispersing insects, which could help predict and mitigate potential risks to biodiversity resulting from global change," concludes Gerard Talavera.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240625221740.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



For many urban residents, it's even hotter than their weather app says | ScienceDaily
There's a strong chance that last week's scorching temperatures were even hotter than reported for those living in underserved urban areas.


						
It's been well established that more impoverished areas within cities are typically hotter than their wealthier neighborhoods. Dubbed "urban heat islands," these communities have more buildings, less vegetation and somewhat higher population density, which combine to produce the heating effect.

New research from environmental engineers at Duke University has shown that citizen science tools used to gauge heat in these urban areas likely understate the problem of heat islands. The researchers also suggest a statistical method to improve estimates of urban heat.

The research appeared online June 17 in the journal Environmental Science and Technology Letters.

"The poorest areas of a city also tend to have the fewest number of weather stations to pull data from, so if we're going to rely on their data, we either need to add more ground sensors or try to adjust for the missing data," said Zach Calhoun, a civil and environmental engineering PhD student at Duke. "While having accurate temperature data might be important for residents going on their day-to-day business, it's especially important for policymakers relying on the data to make well-informed decisions."

"Extreme heat also leads to poor air quality, and the resulting impacts on respiratory and cardiovascular health should be monitored for the benefit of all," added Marily Black, public health scientist for Underwriter's Laboratory (UL) Chemical Insights Research Institute and coauthor of the paper. "This is especially true for the vulnerable in urban areas such as children and those who are economically disadvantaged."

This data comes from the popular weather website Weather Underground, which was founded in 1995 as an offshoot of the University of Michigan's internet weather database. It works by pulling data not just from official government weather stations, which are relatively sparse, but from weather stations set up by citizen scientists essentially in their own backyards. Today, Weather Underground receives data from more than 250,000 of these personal weather stations. In 2012, it was acquired by The Weather Channel, which also relies on this network of private stations.




While not exorbitantly expensive, personal weather stations cost several hundred dollars each. As one might expect, they're more commonly purchased and set up in wealthier neighborhoods than in poorer ones. And that can cause issues when relying on a large number of them for weather information.

"Some of the sensors may be a bit off, but if you put a lot of them together, the aggregate data is pretty reliable," said Mike Bergin, the Sternberg Family Professor of Civil & Environmental Engineering at Duke. "More data is good data. And less data is bad data."

The researchers hypothesized that the poorest, hottest areas of a city don't have nearly as many personal weather stations -- if they even have any at all. To address this problem, there are two possible solutions: either install more weather stations or figure out a way to correct for the lack of data.

Statistics to the rescue.

Working with David Carlson, assistant professor of civil and environmental engineering at Duke, the group pulled four years of data for the entire state of North Carolina from Weather Underground's servers. They then mapped out where those stations are set up and compared their numbers to each area's median income.

Unsurprisingly, there was a strong correlation between income and data, with more stations being set up in areas with higher median incomes. The researchers then did some statistical gymnastics and applied that same correlation to their trove of temperature data.




"This was a clever trick that Zach thought of to generate more accurate heat readings," said Carlson. "But then there was the question of whether or not this correction actually creates more realistic heat maps or not."

To validate their approach, the researchers turned to the National Integrated Heat Health Information System (NIHHIS). In 2021, the federal organization chose 15 locations for their NIHHIS-CAPA HeatWatch Campaign, where large groups of scientists and community volunteers took multiple heat and humidity readings throughout a single day across entire cities. Fortunately, both Raleigh and Durham, North Carolina were part of the project.

The team took Weather Underground's readings for Durham on that same 2021 day and applied their statistical correction across the city. They found that their results across the entire city -- and, most importantly, in the areas with few or no personal weather station data -- were much closer to the HeatWatch campaign's data.

These were also some of the hottest parts of the city, with temperatures exceeding what Weather Underground and The Weather Channel reported.

"Our work shows that you can make corrections and get better estimates of urban heat islands through these types of methods," said Carlson. "It also highlights the need for additional weather stations so we're aware of just how much hotter the summer is for the poorest members of our community."

This research was supported through a collaboration with the Underwriter's Laboratory (UL).
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Wildfires increasingly threaten oil and gas drill sites, compounding potential health risks | ScienceDaily
More than 100,000 oil and gas wells across the western U.S. are in areas burned by wildfires in recent decades, a new study has found, and some 3 million people live next to wells that in the future could be in the path of fires worsened by climate change.


						
Researchers from the University of California, Berkeley, said their analysis, which was published last week in the journal One Earth, is the first to examine historical and projected wildfire threats on oil and gas facilities in the U.S. While the public health effects of scorched and damaged drill sites are unclear, researchers said the study is a necessary step toward understanding the potential compound hazards and could help inform policy about future drilling.

"Most of the oil wells in California are currently in wildfire threatened areas, and a lot of people live in those areas because of the history of oil and gas development in this state," said David J.X. Gonzalez, an assistant professor of environmental health sciences at UC Berkeley's School of Public Health. "The same issues that have been with us historically are still with us, and it looks like they might lead to new environmental justice issues that haven't really been explored."

Gonzalez, the paper's first author, pointed to Los Angeles and Kern counties as populated areas plumbed for oil and gas extraction and also at high risk of burning now or in the near future. In the past, fires in oil and gas fields not related to wildfires have caused blowouts, and leaks from gas storage tanks in Los Angeles have resulted in explosions that damaged buildings. Near Bakersfield, dozens of wells have been found to be leaking natural gas, some at explosive levels.

Since 1984, almost 350,000 people across the western U.S. have lived within 1 kilometer of a well that was inside a burn zone, researchers found. Asian, Black, Hispanic and Native American people have faced disproportionately high exposure to those wells affected primarily by a handful of megafires in California, Texas and Oklahoma.

Across the West today, nearly 3 million people live within 1 kilometer of a well that is projected to be in an area with an increased risk of burning in the coming decades. What's more, the number of wells in high-risk wildfire areas is predicted to nearly double by the end of the century.

That means more wells are being drilled in more areas expected to burn.




"I don't want to say, 'The sky is falling.' But there was more of an impact than we thought there was going to be," Gonzalez said. "When we put everything together, it starts to look like this is a problem that hasn't really been looked at in the past but has been worsening and will likely continue to worsen. It's concerning, particularly for people living near leaking wells."

While the confluence of fire and drilling isn't meant to be alarmist, Gonzalez said it is an example of compounding factors that hold unexplored, and potentially significant, health effects.

Gonzalez's past research explores the public health impacts of oil and gas development, particularly for marginalized groups that suffer disproportionate adverse health effects. When a 2021 fire in Colorado burned near an oil and gas operation, he and his colleagues pondered how often drill sites were blackened, if this could be a common occurrence in the future and how concerning the effects might be.

The team compiled and examined wildfire maps from 1984 to 2019 and analyzed oil and gas drilling records. By lining up where drill sites overlapped with burn areas, and adding population data, the researchers estimated how many people lived near affected wells.

While the health effects stemming from oil and gas wells are becoming increasingly known, there are minimal, if any, studies on the health effects of fires that burn oil and gas facilities. In densely populated areas where buildings burn in supercharged fires, oil and gas operations could complicate fire response efforts, Gonzalez said.

There are existing cautionary tales. Infernos like the 2018 Camp Fire in Northern California caused volatile organic compounds to leach from plastic pipes into the drinking water system.




Many toxic chemicals are already in use in oil fields, Gonzalez said. Little is known about what happens when those chemicals combine in smoke plumes that already pose serious health risks every year.

"We need additional protections in place to make sure that, as wildfires continue to come, we are protecting the places and the people near these industrial activities," Gonzalez said.

Setback rules that increase the distance between wells and places people live, work or attend school would be an effective intervention from a public health perspective, Gonzalez said. Additionally, public land managers should consider the long-term health effects and potential hazards of permitting wells in fire-prone areas.

"With an issue that we know is going to worsen as climate change progresses," Gonzalez said, "we have an opportunity to take proactive action to prevent future harms."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240625205644.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Team aims to improve safety of fertilizers made from wastewater sludge | ScienceDaily
Fertilizers manufactured from the sludgy leftovers of wastewater treatment processes can contain traces of potentially hazardous organic chemicals, according to a new study by Johns Hopkins University researchers.


						
The research, published todayin Environmental Science & Technology journal, provides one of the most comprehensive looks at the chemical composition of so-called biosolids across the country and is the first step toward identifying common chemical contaminants that may need government regulation. The findings could help the U.S. Environmental Protection Agency prioritize which organic compounds to investigate further, the researchers said.

"We've been relatively in the dark when it comes to possible organic hazards in biosolids, and we need to know if there are any smoking guns that we're unaware of," said Carsten Prasse, an assistant professor in the Department of Environmental Health and Engineering who studies environmental contaminants. "Regulators need to know what these types of fertilizers are made of to determine how they can be responsibly used."

Using analytical chemistry techniques capable of identifying thousands of chemicals, Prasse and his team screened 16 samples of biosolids from wastewater treatment facilities in nine U.S. and three Canadian cities. Samples contained traces of pharmaceuticals, industrial chemicals, and a variety of fragrances. Among them were bisphenol A (BPA), commonly found in plastics, and carbamazepine, a drug used to treat epilepsy and bipolar disorder.

"Because there are so many compounds in biosolids, the question we had was how do we triage? How do we find the chemicals that are widespread and could potentially be problematic, that the EPA and other scientists would need to investigate before proposing regulations," Prasse said.

The researchers then created lists of the chemicals found in each sample and compared them to compounds that popped up in multiple places across the country. They identified 92 compounds that were present in 80% or more of the samples.

The researchers then cross-referenced those 92 compounds against the EPA's CompTox Chemical Dashboard -- a database that details the properties, hazards, and potential risks of thousands of chemicals. The dashboard helped the team identify which chemicals were most likely to pose threats to human health or the environment.




"We're not saying that these compounds pose a risk right now, because we haven't done a formal risk assessment," said Matthew Newmeyer, a research associate at the Bloomberg School of Public Health and first author on the paper. "We're saying that these have a potential to be problematic and we need more information in order to make sure these biosolids are safe."

Using biosolids can be beneficial, the researchers said. They are rich in nitrogen, phosphorus, and other nutrients that help plants grow. They require less energy to make than synthetic alternatives. And wastewater facilities can sell biosolids to generate revenue to offset treatment costs and reduce waste sent to landfills or incinerators.

More than half of the 3.76 million tons of biosolids produced in the United States in 2022 fertilized agricultural lands, golf courses, and other landscaped areas, according to the EPA. While direct contact with biosolids is likely limited to occupational exposures, the broader population could be exposed to contaminants absorbed by crops grown in such fertilizers, the researchers said.

The team plans to measure the identified compounds in the biosolids and vegetables grown in biosolid-amended soil to determine if their concentration levels warrant concern. The researchers are also investigating risks to farmers, landscapers, and composters who work with biosolids.
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3D-printed chip sensor detects foodborne pathogens for safer products | ScienceDaily
Every so often, a food product is recalled because of some sort of contamination. For consumers of such products, a recall can trigger doubt in the safety and reliability of what they eat and drink. In many cases, a recall will come too late to keep some people from getting ill.


						
In spite of the food industry's efforts to fight pathogens, products are still contaminated and people still get sick. Much of the problem stems from the tools available to screen for harmful pathogens, which are often not effective enough at protecting the public.

In AIP Advances, by AIP Publishing, researchers from Guangdong University of Technology and Pudong New District People's Hospital developed a new method for detecting foodborne pathogens that is faster, cheaper, and more effective than existing methods. The researchers hope their technique can improve screening processes and keep contaminated food out of the hands of consumers.

Even with the best detection method, finding contaminating pathogens is not an easy task.

"Detecting these pathogens is challenging, due to their diverse nature and the various environments in which they can thrive," said author Silu Feng. "Additionally, low concentrations of pathogens in large food samples, the presence of similar non-pathogenic organisms, and the complex nature of different food types make accurate and rapid detection difficult."

Existing detection methods do exist, such as cell culture and DNA sequencing, but are challenging to employ at large scales. Not every batch of food can be thoroughly tested, so some contaminants inevitably slip through.

"Overall, these methods face limitations such as lengthy result times, the need for specialized equipment and trained personnel, and challenges in detecting multiple pathogens simultaneously, highlighting the need for improved detection techniques," said Feng.




The study's authors decided to take a different approach, designing a microfluidic chip that uses light to detect multiple types of pathogens simultaneously. Their chip is created using 3D printing, making it easy to fabricate in large amounts and modify to target specific pathogens.

The chip is split into four sections, each of which is tailored to detect a specific pathogen. If that pathogen is present in the sample, it will bind to a detection surface and change its optical properties. This arrangement let the researchers detect several common bacteria, such as E. coli, salmonella, listeria, and S. aureus, quickly and at very low concentrations.

"This method can quickly and effectively detect multiple different pathogens, and the detection results are easy to interpret, significantly improving detection efficiency," said Feng.

The team plans to continue developing their device to make it even more applicable for food screening.
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Should you eat more dietary fiber? New study says it depends | ScienceDaily
Nutritionists generally advise everyone to eat more dietary fiber, but a new Cornell University study suggests that its effects on health can vary from person to person. The findings indicate that recommendations should be tailored to each individual's gut microbiome.


						
The study, published in Gut Microbes, focused on resistant starch, a category of dietary fiber found in such foods as bread, cereals, green bananas, whole-grain pasta, brown rice and potatoes.

The researchers identified the gut microbe species that change in response to two different types of resistant starch. They found evidence that each individual may have a unique response to eating a resistant starch, with some people benefiting and others experiencing little or no effect. The reason appears tied to the level of diversity and composition of a person's gut microbiome.

"Precision nutrition definitely has a use in determining what dietary fiber we should tell people to eat," said Angela Poole, assistant professor of molecular nutrition and senior author of the study.

"This is critical because we've had public messaging advising people to eat more dietary fiber for decades," Poole said. "At the same time, less than 10% of people eat the recommended intake. Since there are many different types of dietary fiber and carbohydrates, a better strategy would be to collect data on each person and tell them which dietary fiber they can eat to get the most bang for their buck."

In the study, Poole and colleagues tested three dietary treatments on 59 participants over seven weeks.

The study was supported by the President's Council of Cornell Women and the National Institutes of Health.
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Myths about intermittent fasting, debunked | ScienceDaily
In a new article, researchers at the University of Illinois Chicago debunk four common myths about the safety of intermittent fasting.


						
Intermittent fasting has become an increasingly popular way to lose weight without counting calories. And a large body of research has shown it's safe. Still, several myths about fasting have gained traction among clinicians, journalists and the general public: that fasting can lead to a poor diet or loss of lean muscle mass, cause eating disorders, or decrease sex hormones.

In a new commentary in Nature Reviews Endocrinology, UIC researchers debunk each of these. They base their conclusions on clinical studies, some of which they conducted and some done by others.

"I've been studying intermittent fasting for 20 years, and I'm constantly asked if the diets are safe," said lead author Krista Varady, professor of kinesiology and nutrition at UIC. "There is a lot of misinformation out there. However, those ideas are not based on science; they're just based on personal opinion."

There are two main types of intermittent fasting. With alternate-day eating, people alternate between days of eating a very small number of calories and days of eating what they want. With time-restricted eating, people eat what they want during a four- to 10-hour window each day, then don't eat during the rest of the day. The researchers conclude both types are safe despite the popular myths.

Here's a look at their conclusions:

Intermittent fasting does not lead to a poor diet: The researchers point to studies showing the intake of sugar, saturated fat, cholesterol, fiber, sodium and caffeine do not change during fasting compared with before a fast. And the percentage of energy consumed in carbohydrates, protein and fat doesn't change, either.




Intermittent fasting does not cause eating disorders: None of the studies show that fasting caused participants to develop an eating disorder. However, all the studies screened out participants who had a history of eating disorders, and the researchers say that those with a history of eating disorders should not try intermittent fasting. They also urge pediatricians to be cautious when monitoring obese adolescents if they start fasting, because this group has a high risk of developing eating disorders.

Intermittent fasting does not cause excessive loss of lean muscle mass: The studies show that people lose the same amount of lean muscle mass whether they're losing weight by fasting or with a different diet. In both cases, resistance training and increased protein intake can counteract the loss of lean muscle.

Intermittent fasting does not affect sex hormones: Despite concerns about fertility and libido, neither estrogen, testosterone nor other related hormones are affected by fasting, the researchers said.

The other authors of the article are Vanessa Oddo and Sofia Cienfuegos at UIC and Shuhao Lin, formerly at UIC and now at the Mayo Clinic.
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Rare Samoan discovery offers clues to origins of inequality | ScienceDaily
The discovery of ancient rock walls and high mounds and ditches in dense jungle in the Falefa Valley on ?Upolu Island in Samoa holds valuable clues to the origins of ancestral land and social hierarchy in Polynesian society, according to a new study.


						
Led by Associate Professor Ethan Cochrane from Waipapa Taumata Rau, University of Auckland, the study makes new connections between a dramatic rise in population in Samoa, richer agricultural land in certain areas and the beginnings of land demarcation and associated social status.

These connections have been of great interest to ordinary Samoans, says Cochrane.

"They have the most intimate knowledge of their land possible and are now able to compare ancient political and village boundaries revealed through archaeology with modern boundaries, and those known through oral tradition, and see where the differences lie."

The team's fieldwork in Samoa hinged around LiDAR (Light Detection and Ranging), a mapping technology that uses light in the form of a pulsed laser to measure variable distances to Earth, from which it creates a topographic map.

Crucially, says Cochrane, when you fly it from a plane, LiDAR penetrates small gaps in thick foliage to reveal what would otherwise have been covered up by a forest canopy.

"This technology has been used for the past 15 to 20 years around the Pacific, and the great thing it can do is strip away even a dense jungle environment. This is one of the first times it's been used in Samoa, so all these impressive rock walls, platforms and mounds, which date back between 600 and 900 years, can be seen in precise detail."

Macheting through dense bush in pouring rain and scorching sun, being attacked by mosquitoes at every turn, very much in "Indiana Jones archaeology" mode, says Cochrane, might not be for everyone, but the rewards in this case make any discomfort worthwhile.




"These structures up close are incredible pieces of architecture. Some were family dwellings made from stone and earth, just like you see today in some Samoan villages, others would have been civic construction projects or ceremonial projects. Some are what are called 'star mounds', as high as two metres, and possibly used for standing on to snare pigeons, which was a chiefly sport."

The study, which was carried out in partnership with the National University of Samoa, and the permission of local villages, is not the first to find these structures, but it is the first to connect the timing and reasons for building them with what it refers to as a 'collective action problem', he says.

"We've figured out that this building of stuff -- kilometre-long rock walls that limit access to land, ditches for irrigation to create a productive wetland agricultural system -- is a response to a massive population rise in Samoa that we know happened around that time [from 900 years ago]."

"In this instance, sharing resources with everyone would mean less for everyone, so the problem becomes, 'when does it become advantageous for individuals to contribute to collective defence at a cost to themselves and to exclude other groups from access to the group's resources?'"

After this rapid population rise in the valley, he says, people did exactly that; they fenced areas away from others to preserve their own access to a valuable resource.

"In this case, the earliest massive rock walls are near more fertile land in the western and northern regions of the valley, which we know to be true from analysing soil samples in the area of these structures."

It's possible that the whole Samoan chiefly system, which is seen across Polynesian society generally, was established based on who had access to land in those early times, and who didn't, says Cochrane, and this could also have been the reason for similar changes in early societies worldwide.




"We've often wondered why hierarchical societies arose across the planet over millennia, when around 20,000 years ago, most human societies were more equitable and there were fewer positions of status and power among hunter gatherers.

"Now, however, we live at the other extreme where many societies, if not all, have status, hierarchies and levels where some people have unimaginable power and others have nothing."
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Drivers ready to embrace wireless EV technology | ScienceDaily
Dynamic wireless charging technology allows electric vehicles to charge while in motion, offering a promising solution to the limitations of fixed charging stations. Although it's not available yet, how do Kiwi drivers feel about this innovative technology?


						
A survey of 1150 existing and prospective electric vehicle (EV) drivers shows that although people have concerns about the safety and charging cost of dynamic wireless charging, it's viewed positively overall.

On-road charging systems could revolutionise how we think about EV charging, making it more convenient and less time-consuming for users, say the University of Auckland researchers behind the study: Analysing electric vehicle users' intention to use dynamic wireless charging facilities: A study from New Zealand.

Doctoral candidate Ramesh Majhi, senior lecturer Prakash Ranjitkar (Faculty of Engineering) and senior research fellow Selena Sheng (Business School) designed a survey to explore people's views of wireless charging technology.

The results showed that 93 percent of respondents are optimistic about dynamic wireless charging technology and would like to try it in the future.

The most compelling advantage of wireless charging, according to those surveyed, is its usefulness, mainly due to the ease and convenience it offers to EV users, potentially transforming the current charging experience by complementing stationary charging stations.

The study shows that people who prioritise sustainability are more inclined to support and use dynamic wireless EV charging.




Additionally, urban users are more likely to adopt the technology than their rural counterparts.

Social influences, including the behaviour and choices of peers, were also found to affect drivers' decisions to use the tech.

But despite the overall enthusiasm, the findings reveal concerns about data privacy, electromagnetic radiation and the potential costs associated with the adoption and use of wireless in-road technology.

"Dynamic wireless charging may not be practical for meeting urban transportation demands. However, it offers significant advantages for intercity travel by reducing EV drivers' reliance on plug-in charging stations that often cause detours on highways," says primary investigator Dr Majhi.

The study insights are crucial for developing effective measures and policies for the successful integration of dynamic wireless charging into the transportation network, says Dr Sheng.

"The movement toward adopting EVs for their sustainability in reducing greenhouse gas emissions faces hurdles regarding inadequate charging infrastructure.

"This is where in-road charging lanes will be of benefit, and it's essential for policymakers to know how best to manage the rollout of this kind of technology in future and to ensure people's concerns are understood, and hopefully alleviated."
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Fuel treatments reduce future wildfire severity | ScienceDaily
There is a common belief that prescribed burning, thinning trees, and clearing underbrush reduce risks of the severity of future fires. But is that true? Sometimes anecdotal evidence or limited observations can create doubt. Researchers from the USDA Forest Service Rocky Mountain Research Station, The Nature Conservancy, and the University of Montana dug deep into the scientific literature for a closer look. Spoiler alert: the answer is "yes" -- proactive ecological forest management can change how fires behave and reduce wildfire severity, under a wide range of conditions and forest types.


						
Researchers found overwhelming evidence that in seasonally dry mixed conifer forests in the western U.S., reducing surface and ladder fuels and tree density through thinning, coupled with prescribed burning or pile burning, could reduce future wildfire severity by more than 60% relative to untreated areas. The study results were recently published in Forest Ecology and Management. You can download this Science You Can Use in 5 minutes for an overview of the research methods, key findings, management considerations, and links to related publications.

Fire is an essential component of many western forests. Yet historic fire suppression and climate change are contributing to increased fire activity and more severe wildfires, where overstory trees are killed. Treatments preparea landscape, priming the next wildfire to burn at lower intensity, burning underbrush and smaller trees. This preserves more mature trees and helps foster a fire level that is more in balance with the landscape.

Kimberley Davis is a Forest Service Research Ecologist and led the project analyzing 40 studies where wildfire burned into different vegetation treatments, spanning 11 western states. The last review of this kind was over a decade ago, with many new case studies and scientific advances since then. Researchers examined effects of various treatments in different forest types, ranging from ponderosa pine forests in Arizona and New Mexico up to the subalpine zones of the northern Rocky Mountains.

The review hands natural resource professionals and communities the evidence needed to support continued investments in managing vegetation and fuels. "These treatments are very effective and the science clearly shows that they can reduce fire severity," said Davis.

While responses varied, generally the combination of thinning and prescribed burning showed the greatest impact on reducing future fire severity. Areas that were only thinned had less benefit in reducing wildfire severity. Prior low or moderate severity wildfire also reduced fire severity in subsequent wildfires, although to a lesser extent than thinning with prescribed burning.

Time also matters. "As treatments get older, they're less effective," said Davis. After ten years treatments were less than half as effective as younger treatments, underscoring the importance of repeated or "maintenance" treatments.

In the long run, forest fuel reduction projects can improve conditions for fire fighters responding to wildfires. They mitigate long-term losses of carbon and wildlife habitat and protect watersheds from more severe wildfire. Treatments also create more options for determining appropriate responses to lightning and other unplanned ignitions. When designed to meet the unique needs of the forest type and nearby communities, these tools can support the longevity of clean water resources, wildlife habitat, and outdoor places to work and recreate.

"This review shows that treatments can reduce future wildfire severity, which is key to protecting important forest habitats," said Kerry L. Metlen, forest ecologist with The Nature Conservancy and a contributing author of the review. "This gives us hope that by accelerating the use of these tools, in conjunction with work to promote fire adapted communities, we can address the wildfire crisis together."
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New study confirms forever chemicals are absorbed through human skin | ScienceDaily
A study of 17 commonly used synthetic 'forever chemicals' has shown that these toxic substances can readily be absorbed through human skin.


						
New research, published today in Environment International proves for the first time that a wide range of PFAS (perfluoroalkyl substances) -- chemicals which do not break down in nature -- can permeate the skin barrier and reach the body's bloodstream.

PFAS are used widely in industries and consumer products from school uniforms to personal care products because of their water and stain repellent properties. While some substances have been banned by government regulation, others are still widely used and their toxic effects have not yet been fully investigated.

PFAS are already known to enter the body through other routes, for example being breathed in or ingested via food or drinking water, and they are known to cause adverse health effects such as a lowered immune response to vaccination, impaired liver function and decreased birth weight.

It has commonly been thought that PFAS are unable to breach the skin barrier, although recent studies have shown links between the use of personal care products and PFAS concentrations in human blood and breast milk. The new study is the most comprehensive assessment yet undertaken of the absorption of PFAS into human skin and confirms that most of them can enter the body via this route.

Lead author of the study, Dr Oddny Ragnarsdottir carried out the research while studying for her PhD at the University of Birmingham. She explained: "The ability of these chemicals to be absorbed through skin has previously been dismissed because the molecules are ionised. The electrical charge that gives them the ability to repel water and stains was thought to also make them incapable of crossing the skin membrane.

"Our research shows that this theory does not always hold true and that, in fact, uptake through the skin could be a significant source of exposure to these harmful chemicals."

The researchers investigated 17 different PFAS. The compounds selected were among those most widely used, and most widely studied for their toxic effects and other ways through which humans might be exposed to them. Most significantly, they correspond to chemicals regulated by the EU's Drinking Water Directive.




In their experiments the team used 3D human skin equivalent models -- multilayered laboratory grown tissues that mimic the properties of normal human skin, meaning the study could be carried out without using any animals. They applied samples of each chemical to measure what proportions were absorbed, unabsorbed, or retained within the models.

Of the 17 PFAS tested, the team found 15 substances showed substantial dermal absorption -- at least 5% of the exposure dose. At the exposure doses examined, absorption into the bloodstream of the most regulated PFAS (perfluoro octanoic acid (PFOA)) was 13.5% with a further 38% of the applied dose retained within the skin for potential longer-term uptake into the circulation.

The amount absorbed seemed to correlate with the length of the carbon chain within the molecule. Substances with longer carbon chains showed lower levels of absorption, while compounds with shorter chains that were introduced to replace longer carbon chain PFAS like PFOA, were more easily absorbed. Absorption of perfluoro pentanoic acid for example was four times that of PFOA at 59%.

Study co-author, Dr Mohamed Abdallah, said "our study provides first insight into significance of the dermal route as pathway of exposure to a wide range of forever chemicals. Given the large number of existing PFAS, it is important that future studies aim to assess the risk of broad ranges of these toxic chemicals, rather than focusing on one chemical at a time."

Study co-author, Professor Stuart Harrad, of the University of Birmingham's School of Geography, Earth and Environmental Sciences, added: "This study helps us to understand how important exposure to these chemicals via the skin might be and also which chemical structures might be most easily absorbed. This is important because we see a shift in industry towards chemicals with shorter chain lengths because these are believed to be less toxic -- however the trade-off might be that we absorb more of them, so we need to know more about the risks involved."
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Removal of excess chloride ions by plants when subjected to salt stress | ScienceDaily
National University of Singapore (NUS) researchers have discovered a salt adaptation mechanism in plants that facilitates chloride removal from the roots and enhancing salinity tolerance.


						
Soil salinity is one of the most deleterious environmental stress factors and increased salinity poses a growing challenge for crop production and adversely affects crop yields worldwide. The excess accumulation of soluble salts, especially sodium chloride (NaCl), in the root zone severely impedes plant growth, reducing crop productivity. Although chloride ions (Cl-) are essential nutrients for plants at low concentrations, their excessive accumulation is toxic to the plant cells.

Plants have evolved various strategies to cope with such environmental stresses by employing various channels and transporters for maintaining ion balance (ion homeostasis) in their cells. While there is a better understanding of the sodium ion homeostasis under salt stress, removal of chloride ions is not well understood.

To address this, a research team led by Professor Prakash KUMAR from the NUS Department of Biological Sciences has uncovered a novel mechanism of plant adaptation to salt stress involving the NaCl-induced translocation of a specific chloride channel protein, AtCLCf. Their work revealed that the AtCLCf protein is made and stored in the endomembrane system (the Golgi apparatus) under normal growth conditions. When the root cells are treated with salt, AtCLCf translocates to the plasma membrane, where it helps to remove the excess chloride ions. This represents a novel mechanism to increase the plant's salinity tolerance. The research is a collaboration with Dr Ji?i FRIML from the Institute of Science and Technology, Austria and Professor XU Jian from Radboud University, The Netherlands.

This work was recently published in Nature Communications on 10 May 2024.

The study also identified a transcription factor, AtWRKY9, that directly regulates the expression of the AtCLCf gene when the plant is under salt stress. NaCl causes the AtCLCf protein to move from inside the cell (the Golgi) to the cell surface with the help of another protein called AtRABA1b/BEX5. If this movement is blocked by an inhibitor (brefeldin-A) or by modifying the BEX5 gene, it results in high salt sensitivity in plants.

Transgenic plants designed to produce additional AtCLCf gene showed increased salt tolerance in mutant forms of Arabidopsis plants lacking the CLCf gene. Collectively, these findings proved that AtCLCf is involved in the removal of excess chloride ions from root tissues to increase the salt tolerance of plants.

To understand how AtCLCf functions in plant cells, the researchers used several techniques such as fluorimetric measurement of liposomes incorporated with recombinant AtCLCf protein and chloride ion sensitive dye, as well as electrophysiological studies (patch clamp). These studies showed that AtCLCf works like a pump that swaps chloride ions with hydrogen ions, helping to remove excess chloride ions from the cells.

Prof Kumar said, "This represents an essential and previously unknown salt tolerance mechanism in Arabidopsis plants. This knowledge could be used to improve the salinity tolerance of crop plants in the future."
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How cells boost gene expression | ScienceDaily
The function of non-coding RNA in the cell has long been a mystery to researchers. Unlike coding RNA, non-coding RNA does not produce proteins -- yet it exists in large quantities. A research team from the University of Gottingen has now discovered an important function of antisense RNA (asRNA): the researchers found that asRNA acts as a "superhighway" in cell transport and thus accelerates gene expression. The results were published in Nature.


						
RNA (ribonucleic acid) plays a central role in the translation of DNA information into proteins. There are different types of RNA, one of which is known as messenger RNA (mRNA). Messenger RNA is a type of coding RNA and its job is to transmit the building instructions for proteins from the DNA in the cell nucleus out into the cytoplasm, where other cell components translate them into proteins. In addition to coding RNA, there are large quantities of non-coding RNA. Much of the non-coding RNA is produced as the complementary strand to mRNA and is therefore referred to as antisense RNA (asRNA). Their function has been unclear for a long time. "It seemed unbelievable to me that a cell would produce RNAs without a purpose," says Professor Heike Krebber from Gottingen University's Institute of Microbiology and Genetics. "This is contrary to nature."

Krebber's team discovered that asRNA combines with mRNA, which is then preferentially transported from the cell nucleus into the cytoplasm. This means that the cell translates the information from the mRNA into proteins faster than would be the case without asRNA. Therefore, asRNA serves as a "booster" for gene expression. This is necessary for the cell in many situations, for example when confronted with harmful environmental conditions or stress. This work is the next step from the team's earlier basic research, also published in Nature, which showed that mRNAs activated under stress are no longer subject to quality control.

The new research findings about asRNAs solve the long-standing question of why the cell sometimes produces large quantities of asRNA. "In biology, this is particularly striking because the cell expends a lot of energy on asRNA production," explains Krebber. The mechanism that has now been discovered explains how cells can react abruptly to external influences to produce the necessary proteins immediately and in large quantities in order to adapt to environmental conditions or, for example, to enter a certain stage of development. "This new understanding brings asRNAs into the focus of the question of how diseases develop and how they can be combated," says Krebber.
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Carbon dioxide's heavy stamp on temperature: Doubling CO2 may mean 7 to 14 degree increase | ScienceDaily

45-year-old drill core

The researchers used a 45-year-old drill core extracted from the bottom of the Pacific Ocean. "I realized that this core is very attractive for researchers, because the ocean floor at that spot has had oxygen-free conditions for many millions of years," said Professor Jaap Sinninghe Damste, senior scientist at NIOZ and professor of organic geochemistry at Utrecht University. "As a result, organic matter is not broken down as quickly by microbes and more carbon is preserved," Damste said. He was also the supervisor of Witkowski, whose doctorate thesis included this research.

Unique time series

"CO2 over the past 15 million years has never before been examined from a single location," Witkowski said. The upper thousand meters of the drill core correspond to the past 18 million years. From this record, the researchers were able to extract an indication of the past seawater temperature and an indication of ancient atmospheric CO2 levels, using a new approach.

Derived temperature

The researchers derived the temperature using a method developed 20 years ago at NIOZ, called the TEX86 method. "That method uses specific substances that are present in the membrane of archaea, a distinct class of microorganisms," Damste explains. "Those archaea optimize the chemical composition of their membrane depending on the temperature of the water in the upper 200 meters of the ocean. Substances from that membrane can be found as molecular fossils in the ocean sediments, and analyzed to this day."

CO2 from chlorophyll and cholesterol




The researchers developed a new approach to derive past atmospheric CO2 content by using the chemical composition of two specific substances commonly found in algae: chlorophyll and cholesterol. This is the first study to use cholesterol for quantitative CO2 and the first study to use chlorophyll for this time period. To create these substances, algae must absorb CO2 from the water and fix it via photosynthesis.

Damste: "A very small fraction of the carbon on Earth occurs in a 'heavy form,' 13C instead of the usual 12C. Algae have a clear preference for 12C. However: the lower the CO2 concentration in the water, the more algae will also use the rare 13C. Thus, the 13C content of these two substances is a measure of the CO2 content of the ocean water. And that in turn, according to solubility laws, correlates with the CO2 content of the atmosphere."

Using this new method, it appears that the CO2 concentration dropped from about 650 parts per million, 15 million years back, to 280 just before the industrial revolution.

Stronger relationship

When the researchers plot the derived temperature and atmospheric CO2 levels of the past 15 million years against each other, they find a strong relationship. The average temperature 15 million years back was over 18 degrees: 4 degrees warmer than today and about the level that the UN climate panel, IPCC, predicts for the year 2100 in the most extreme scenario. "So, this research gives us a glimpse of what the future could hold if we take too few measures to reduce CO2 emissions and also implement few technological innovations to offset emissions," Damste said. "The clear warning from this research is: CO2 concentration is likely to have a stronger impact on temperature than we are currently taking into account!"
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New tomato, potato family tree shows that fruit color and size evolved together | ScienceDaily
Fruits of Solanum plants, a group in the nightshade family, are incredibly diverse, ranging from sizable red tomatoes and purple eggplants to the poisonous green berries on potato plants. A new and improved family tree of this group, produced by an international team led by researchers at Penn State, helps explain the striking diversity of fruit colors and sizes and how they might have evolved.


						
The team found that the size and color of fruits evolved together and that fruit-eating animals were like not the primary drivers of the fruits' evolution, as had been previously thought. The study, published in the journal New Phytologist, may also provide insight into breeding agriculturally important plants with more desirable traits, the researchers said.

"There are about 1,300 species in the genus Solanum, making it one of the most diverse plant genera in the world," said Joao Vitor Messeder, graduate student in ecology and biology in the Penn State Eberly College of Science and Huck Institutes for the Life Sciences and lead author of the paper. "Since the 1970s and '80s, researchers have suggested that birds, bats and other fruit-eating animals have driven the evolution of fruits like those in Solanum. However, the importance of the evolutionary history of the plants has been underestimated or rarely considered when evaluating the diversification of fleshy fruits. To better test this hypothesis, we needed first to produce a more robust phylogeny, or family tree, of this plant group to improve our understanding of the relationships between species."

Plants in the genus Solanum produce fruits with a wide variety of sizes, colors and nutritional values. They can appear black, purple, red, green, yellow or orange and range in size from less than a quarter of an inch to as much as 8 inches, or 0.5 to 20 centimeters. In addition to agriculturally important plants, some plants in the group are cultivated for their ornamental flowers, and the fruits of many of these plants are eaten by humans and a large diversity of animals, including birds, bats, reptiles, primates and other land mammals.

The researchers collected samples of plants from across the world, including wild plants from Brazil, Peru and Puerto Rico and plants from botanical gardens, and sequenced their genes from RNA. They supplemented with previously collected samples and publicly available data, ultimately comparing the sequences of 1,786 genes from a total of 247 species to reconstruct the Solanum family tree. This included representatives from all 10 of the major clades -- the branches of the tree -- and 39 of 47 minor clades within the genus.

"By using thousands of genes shared among species that effectively represented the entire genus, we significantly improved the Solanum family tree, making it the most comprehensive to date," said Messeder, who conducted the research in the lab of Hong Ma, Huck Chair in Plant Reproductive Development and Evolution and professor of biology at Penn State and a co-corresponding author of the paper. "Recent advances in technology allowed us to use more genes than previous studies, which faced many challenges in resolving relationships between species and clades. This improved tree helps us understand when different fruit colors and sizes originated or how they changed as new plant species came about."

The researchers added considerable resolution of the smaller branches in the group that includes potatoes and tomatoes, as well as their closely and more distantly related wild species. The insights gained, the researchers said, could support crop improvement programs for these species and other crops in the genus.




"If the closest wild relatives of important agricultural crops have desirable traits, it is possible to breed crops with those species or borrow their genes, for example to improve resistance to temperature or pests or to produce larger fruits or fruits of a certain color," Messeder said.

The researchers found that the color and size of Solanum fruits was fairly conserved over evolutionary history, meaning that closely related species tend to have similar fruits. The evolution of fruit color and size is also correlated, with changes in one trait often corresponding to changes in the other, leading fruits of certain colors to be bigger than fruits of other colors.

"These results suggest that physiological and molecular mechanisms may play a role in keeping the evolution of fruit color and size tied together," Messeder said. "While frugivores -- or animals that primarily eat fruit -- and seed dispersers may influence diversification, we need to consider all of the possibilities when studying how fruits became so diverse."

The researchers also clarified the origin and diversification timeline of this genus, in part by including recent information from the oldest nightshade family fossil -- from a different genus in the Nightshade family whose fossil was dated to about 52 million years ago -- and from particular genes that improved estimates of the length of evolutionary branches. The researchers dated the origin of Solanum to about 53.1 million years ago -- a full 30 million years earlier than prior estimates that were based on genes from other parts of the plant cell. This paints a new picture of the environment that might have shaped how these plants diversified into new groups and species.

"The Earth's environment changed dramatically during the 30 million years in terms of temperature, carbon dioxide in the atmosphere, geography and animal diversity," Messeder said. "Now that we know when Solanum and its subgroups originated, we can think about the conditions that might have promoted the diversification of that group, as well as how other organisms might have played a role."

The team found that the earliest members of Solanum had medium-sized berries that remained green when ripe, and that green and yellow fruits of this group became more diverse around 14 million years ago. The researchers speculated that bats might have played a role in this diversification, given their similar evolutionary timeline and that they are the primary dispersers of modern green and yellow Solanum fruits. As new bat species arose and expanded where they were living during this time, they ate Solanum fruits and carried their seeds to new environments.

Next, the researchers plan to explore how modern interactions between animals and the fruit they eat may shed light on the evolution of both groups as well as explore the evolution of certain genes relevant to fruit color and size.
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Simple test for flu could improve diagnosis and surveillance | ScienceDaily
Fewer than one percent of people who get the flu every year get tested, in part because most tests require trained personnel and expensive equipment. Now researchers have developed a low-cost paper strip test that could allow more patients to find out which type of flu they have and get the right treatment.


						
The test, developed by a team from the Broad Institute of MIT and Harvard and Princeton University, and supported by the US Centers for Disease Control and Prevention, uses CRISPR to distinguish between the two main types of seasonal flu, influenza A and B, as well as seasonal flu subtypes H1N1 and H3N2. It can also identify strains that resist antiviral treatment, and with further work, could potentially detect swine and avian flu strains, including H5N1, which is currently infecting cattle.

Appearing in The Journal of Molecular Diagnostics, the results could help improve outbreak response and clinical care by bringing tests that are accurate, low-cost, and fast to doctors' offices and labs across the US and in other countries.

"Ultimately, we hope these tests will be as simple as rapid antigen tests, and they'll still have the specificity and performance of a nucleic acid test that would normally be done in a laboratory setting," said Cameron Myhrvold, co-senior author on the study along with Pardis Sabeti, an institute member at the Broad and a professor at Harvard University and the Harvard T.H. Chan School of Public Health, as well as a Howard Hughes Medical Institute investigator. Myhrvold, who is currently an assistant professor at Princeton University, was a postdoctoral researcher in Sabeti's lab when the study began.

SHINE a light 

The test is based on a technology called SHINE, which was developed by Sabeti's lab in 2020 and uses CRISPR enzymes to identify specific sequences of viral RNA in samples. The researchers first used SHINE to test for SARS-CoV-2, and later to distinguish between the Delta and Omicron variants. Then, in 2022, they began adapting the assay to detect other viruses they knew were always circulating: influenzas. They wanted to create tests that could be used in the field or in clinics rather than hospitals or diagnostic labs with expensive equipment.

"Using a paper strip readout instead of expensive fluorescence machinery is a big advancement, not only in terms of clinical care but also for epidemiological surveillance purposes," said Ben Zhang, co-first author on the study, a medical student at Harvard Medical School and an undergraduate researcher in Sabeti's lab when the study began.




Typical diagnostic approaches such as polymerase chain reaction (PCR) require lengthy processing times, trained personnel, specialized equipment, and freezers to store reagents at -80degC, whereas SHINE can be conducted at room temperature in about 90 minutes. Currently, the assay only requires an inexpensive heat block to warm the reaction, and the researchers are working to streamline the process with the goal of returning results in 15 minutes.

The researchers also adapted SHINE to distinguish between different flu strains. In the future, they say the assay could be adapted to detect two different viruses with similar symptoms, such as influenza and SARS-CoV-2.

"Being able to tease apart what strain or subtype of influenza is infecting a patient has repercussions both for treating them and public health interventions," said Jon Arizti-Sanz, a postdoctoral researcher in Sabeti's lab and co-first author on the study.

For example, the tests could help clinicians decide whether to use Oseltamivir, a common antiviral that is effective for only some strains, Arizti-Sanz added. In the field, rapid testing could also help scientists collect samples more strategically during an outbreak to better monitor how the virus is spreading.

Next, the researchers are adapting SHINE to test for both avian and swine influenza strains. "With SARS-CoV-2 and now flu, we've shown that we can easily adapt SHINE to detect new or evolving viruses," Arizti-Sanz said. "We're excited to apply it to H5N1."
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Study challenges popular idea that Easter islanders committed 'ecocide' | ScienceDaily
Some 1,000 years ago, a small band of Polynesians sailed thousands of miles across the Pacific to settle one of the world's most isolated places -- a small, previously uninhabited island they named Rapa Nui. There, they erected hundreds of "moai," or gigantic stone statues that now famously stand as emblems of a vanished civilization. Eventually, their numbers ballooned to unsustainable levels; they chopped down all the trees, killed off the seabirds, exhausted the soils and in the end, ruined their environment. Their population and civilization collapsed, with just a few thousand people remaining when Europeans found the island in 1722 and called it Easter Island. At least that is the longtime story, told in academic studies and popular books like Jared Diamond's 2005 "Collapse."


						
A new study challenges this narrative of ecocide, saying that Rapa Nui's population never spiraled to unsustainable levels. Instead, the settlers found ways to cope with the island's severe limits, and maintained a small, stable population for centuries. The evidence: a newly sophisticated inventory of ingenious "rock gardens" where the islanders raised highly nutritious sweet potatoes, a staple of their diet. The gardens covered only enough area to support a few thousand people, say the researchers. The study was just published in the journal Science Advances.

"This shows that the population could never have been as big as some of the previous estimates," said lead author Dylan Davis, a postdoctoral researcher in archaeology at the Columbia Climate School. "The lesson is the opposite of the collapse theory. People were able to be very resilient in the face of limited resources by modifying the environment in a way that helped."

Easter Island is arguably the remotest inhabited spot on Earth, and one of the last to be settled by humans, if not the last. The nearest continental landmass is central Chile, nearly 2,200 miles to the east. Some 3,200 miles to the west lie the tropical Cook Islands, where settlers are thought to have sailed from around 1200 CE.

The 63-square-mile island is made entirely of volcanic rock, but unlike lush tropical islands such as Hawaii and Tahiti, eruptions ceased hundreds of thousands of years ago, and mineral nutrients brought up by lava have long since eroded from soils. Located in the subtropics, the island is also dryer than its tropical brethren. To make things more challenging, surrounding ocean waters drop off steeply, meaning islanders had to work harder to harvest marine creatures than those living on Polynesian islands ringed with accessible and productive lagoons and reefs.

To cope, the settlers used a technique called rock gardening, or lithic mulching. This consists of scattering rocks over low-lying surfaces that are at least partly protected from salt spray and wind. In the interstices between rocks, they planted sweet potatoes. Research has shown that rocks from golf ball-size to boulders disrupt drying winds and create turbulent airflow, reducing the highest daytime surface temperatures and increasing the lowest nighttime ones. Smaller bits, broken up by hand, expose fresh surfaces laden with mineral nutrients that get released into the soil as they weather. Some islanders still use the gardens, but even with all this labor, their productivity is marginal. The technique has also been used by indigenous people in New Zealand, the Canary Islands and the U.S. Southwest, among other places.

Some scientists have argued that the island's population had to have once been much larger than the 3,000 or so residents first observed by Europeans in part because of the massive moai; it would have taken hordes of people to construct them, the reasoning goes. Thus in recent years, researchers have tried estimating these populations in part by investigating the rock gardens' extent and production capacity. Early Europeans estimated they covered 10% of the island. A 2013 study based on visual and near-infrared satellite imagery came up with 2.5% to 12.5% -- a wide margin of error because these spectra distinguish only areas of rock versus vegetation, not all of which are gardens. Another study in 2017 identified about some 7,700 acres, or 19% of the island, as suitable for sweet potatoes. Making various assumptions about crop yields and other factors, studies have estimated past populations might have risen as high as 17,500, or even 25,000, though they also could have been much lower.




In the new study, members of the research team did on-the-ground surveys of rock gardens and their characteristics over a five-year period. Using this data, they then trained a series of machine-learning models to detect gardens through satellite imagery tuned to newly available shortwave infrared spectra, which highlights not just rocks, but places of higher soil moisture and nitrogen, which are key features of gardens.

The researchers concluded that rock gardens occupy only about 188 acres -- less than one half a percent of the island. They say they might have missed some small ones, but not enough to make a big difference. Making a series of assumptions, they say that if the entire diet were based on sweet potatoes, these gardens may have supported about 2,000 people. However, based on isotopes found in bones and teeth and other evidence, people in the past probably managed to get 35% to 45% of their diet from marine sources, and a small amount from other less nutritious crops including bananas, taro and sugar cane. Factoring in these sources would have raised the population carrying capacity to about 3,000 -- the number observed upon European contact.

"There are natural rock outcrops all over the place that had been misidentified as rock gardens in the past. The short-wave imagery gives a different picture," said Davis.

Carl Lipo, an archaeologist at Binghamton University and coauthor of the study, said that the population boom-and-bust idea is "still percolating in the public mind" and in fields including ecology, but archaeologists are quietly retreating from it. Accumulating evidence based on radiocarbon dating of artifacts and human remains does not support the idea of huge populations, he said. "People's lifestyle must have been incredibly laborious," he said. "Think about sitting around breaking up rocks all day."

The island's population is now nearly 8,000 (plus about 100,000 tourists a year). Most food is now imported, but some residents still grow sweet potatoes in the ancient gardens -- a practice that grew during the 2020-2021 lockdowns of the Covid pandemic, when imports were restricted. Some also turned to mainland farming techniques, plowing soils and applying artificial fertilizer. But this is not likely to be sustainable, said Lipo, as it will further deplete the thin soil cover.

Seth Quintus, an anthropologist at the University of Hawaii who was not involved in the study, said he sees the island as "a good case study in human behavioral adaptation in the face of a dynamic environment." The new study and others like it "provide an opportunity to better document the nature and extent of strategies of adaptation," he said. "Surviving in the more arid subtropics on the more isolated and geologically old Rapa Nui was a heck of a challenge."

The study was also coauthored by Robert DiNapoli of Binghamton University; Gina Pakarati, an independent researcher on Rapa Nui; and Terry Hunt of the University of Arizona.
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Boosting biodiversity without hurting local economies | ScienceDaily
Protected areas, like nature reserves, can conserve biodiversity without harming local economic growth, countering a common belief that conservation restricts development. A new study outlines what is needed for conservation to benefit both nature and people.


						
Conservation zones aim to preserve biodiversity, protect endangered species, and maintain natural habitats. "There's long been uncertainty about the economic tradeoffs," said Binbin Li, associate professor of environmental science at Duke Kunshan University, and lead author of the study published on June 20 in Current Biology. "Our findings show achieving both aims is more common than we previously expected. But that balance depends on socioeconomic conditions near a protected area," said Li.

The study found that 91% of the nearly 10,000 protected areas studied lost no or less natural land than similar but unprotected areas -- a conservation win. But perhaps surprisingly, almost half the surveyed protected areas safeguard natural land without hurting, and sometimes helping, local economic growth.

Several factors were key to their success, the researchers say. For one, having nearby roads and a higher level of economic development both help. There are trade-offs, otherwise: the local economy is hurt, or protected areas fail. Biodiverse regions with emerging economies, like the Amazon and Southeast Asia, face the biggest challenges meeting the needs of nature and people.

"Conservation does not happen in a silo," said co-author Stuart Pimm, Doris Duke Distinguished Professor of Conservation Ecology at Duke University, and an expert on habitat loss and species extinction. "We must consider local development alongside biodiversity conservation to know where and how to protect areas to benefit both the environment and humans."

In the study, 60% of the communities living around protected areas had similar or higher levels of economic growth than those living around unprotected areas. Protected areas that both safeguard nature while benefiting local development tend to be smaller in size, and closer to markets and cities. "Bigger isn't necessarily better," said Li.

"We need to get to a win-win outcome more often, especially in the most biodiverse regions that can ill-afford losing out on economic development or biodiversity," said Li. "We cannot address biodiversity loss without addressing local development issues."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240621172341.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Human activity: A double-edged sword in the face of drought | ScienceDaily
Earth and environmental scientists reported that as human socio-economic activities increase, greenhouse gas emissions will rise, leading to more frequent extreme weather events such as droughts and floods. However, a research team from Pohang University of Science and Technology (POSTECH) has published a study suggesting that anthropogenic greenhouse gases might actually mitigate droughts, offering a new perspective on the impact of human activities on nature.


						
Professor Jonghun Kam from the Division of Environmental Science and Engineering at POSTECH used climate model simulations to examine individual effects of aerosols and greenhouse gases produced by human activities, focusing on the spring drought in 2022 that caused severe agricultural damage in the central Andes mountainous region. This research was recently published in the Bulletin of the American Meteorological Society, one of international journals in atmospheric science and meteorology.

Drought occurs when there is a prolonged absence of rainfall, leading to a lack of precipitation. It begins as a meteorological drought and progresses to an agricultural drought where the soil loses moisture. More severe droughts can escalate to hydrological droughts, characterized by reduced stream flows. When droughts significantly impact society and the economy, they are termed "socioeconomic droughts."

The socioeconomic impact of drought is especially severe in societies and countries heavily dependent on agriculture. During the globally severe spring drought of 2022, the central Andean mountainous region of South America (including southern Peru, western Bolivia, and northern Chile), where agriculture is a major industry, experienced greater economic hardship than other regions. However, at that time, a shortage of human resources and funding limited an opportunity to better understand the causes of the 2022 drought.

In the study, Professor Jonghun Kam from POSTECH used 11 different climate models to analyze the impact of human activities on the spring drought that struck the Central Andean region in 2022, the most severe since 1951.

Climate model experiments revealed that human socio-economic activities have increased anthropogenic aerosols in the atmosphere, affecting its chemical composition and worsening the spring drought in the Central Andes. Conversely, the rise in greenhouse gases due to human activities has led to increased precipitation in the region, mitigating extreme spring droughts and reducing the likelihood of such events. Thus, aerosols and greenhouse gases from human activities have had opposite effects on atmospheric chemical composition and precipitation mechanisms.

The study is significant because it challenges previous conclusions that greenhouse gases are the primary cause of drought in South Africa and Iran, highlighting the need for more comprehensive research on the effects of human socio-economic activities.

Professor Jonghun Kam stated, "Some countries are disproportionately affected by extreme weather events due to the climate crisis, yet they often face the lacking of not only human but also financial resources to respond proactively." He added, "Our goal is to address the global climate crisis by conducting research that supports these countries and thoroughly analyzing the impact of human activities on nature."

The research was conducted with the support from the Basic Research Program of the National Research Foundation of Korea.
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Resiliency shaped by activity in the gut microbiome and brain | ScienceDaily
A new UCLA Health study has found that resilient people exhibit neural activity in the brain regions associated with improved cognition and regulating of emotions, and were more mindful and better at describing their feelings. The same group also exhibited gut microbiome activity linked to a healthy gut, with reduced inflammation and gut barrier.


						
For the study, rather than examine microbiome activity and composition linked to disease conditions -- like anxiety and depression -- the researchers wanted to flip the script and study the gut microbiome and brain in healthy, resilient people who effectively cope with different types of stress, including discrimination and social isolation.

"If we can identify what a healthy resilient brain and microbiome look like, then we can develop targeted interventions to those areas to reduce stress," said Arpana Gupta, PhD, senior author and co-director of the UCLA Goodman-Luskin Microbiome Center. This is believed to be the first study to explore the intersection of resiliency, the brain, and the gut microbiome.

Gupta and her team focused on methods to cope with stress because research has shown that untreated stress can increase the risk of heart disease, stroke, obesity, and diabetes. While stress is an inevitable part of life, studying how to handle stress can help prevent developing diseases.

To conduct the study, published in Nature Mental Health, the researchers surveyed 116 people about their resiliency -- like trust in one's instincts and positive acceptance of change -- and separated them into two groups. One group ranked high on the resiliency scale and the other group ranked low. The participants also underwent MRI imaging and gave stool samples two or three days before their scans.

The researchers found that people in the high resiliency group were less anxious and depressed, less prone to judge, and had activity in regions of the brain associated with emotional regulation and better cognition compared to the group with low resiliency. "When a stressor happens, often we go to this aroused fight or flight response, and this impairs the breaks in your brain," Gupta said. "But the highly resilient individuals in the study were found to be better at regulating their emotions, less likely to catastrophize, and keep a level head," added Desiree Delgadillo, postdoctoral researcher and one of the first authors.

The high resiliency group also had different microbiome activity than the low resiliency group. Namely, the high resiliency group's microbiomes excreted metabolites and exhibited gene activity associated with low inflammation and a strong and healthy gut barrier. A weak gut barrier, otherwise known as a leaky gut, is caused by inflammation and impairs the gut barrier's ability to absorb essential nutrients needed by the body while blocking toxins from entering the gut.




The researchers were surprised to find these microbiome signatures associated with the high resiliency group.

"Resilience truly is a whole-body phenomenon that not only affects your brain but also your microbiome and what metabolites that it is producing," Gupta said. "We have this whole community of microbes in our gut that exudes these therapeutic properties and biochemicals, so I'm looking forward to building upon this research," Delgadillo said.

The team's future research will study whether an intervention to increase resilience will change brain and gut microbiome activity. "We could have treatments that target both the brain and the gut that can maybe one day prevent disease," Gupta said.

A new UCLA Health study has found that resilient people exhibit neural activity in the brain regions associated with improved cognition and regulating of emotions, and were more mindful and better at describing their feelings. The same group also exhibited gut microbiome activity linked to a healthy gut, with reduced inflammation and gut barrier.
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Gupta and her team focused on methods to cope with stress because research has shown that untreated stress can increase the risk of heart disease, stroke, obesity, and diabetes. While stress is an inevitable part of life, studying how to handle stress can help prevent developing diseases.
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The researchers found that people in the high resiliency group were less anxious and depressed, less prone to judge, and had activity in regions of the brain associated with emotional regulation and better cognition compared to the group with low resiliency. "When a stressor happens, often we go to this aroused fight or flight response, and this impairs the breaks in your brain," Gupta said. "But the highly resilient individuals in the study were found to be better at regulating their emotions, less likely to catastrophize, and keep a level head," added Desiree Delgadillo, postdoctoral researcher and one of the first authors.

The high resiliency group also had different microbiome activity than the low resiliency group. Namely, the high resiliency group's microbiomes excreted metabolites and exhibited gene activity associated with low inflammation and a strong and healthy gut barrier. A weak gut barrier, otherwise known as a leaky gut, is caused by inflammation and impairs the gut barrier's ability to absorb essential nutrients needed by the body while blocking toxins from entering the gut.

The researchers were surprised to find these microbiome signatures associated with the high resiliency group.

"Resilience truly is a whole-body phenomenon that not only affects your brain but also your microbiome and what metabolites that it is producing," Gupta said. "We have this whole community of microbes in our gut that exudes these therapeutic properties and biochemicals, so I'm looking forward to building upon this research," Delgadillo said.

The team's future research will study whether an intervention to increase resilience will change brain and gut microbiome activity. "We could have treatments that target both the brain and the gut that can maybe one day prevent disease," Gupta said.
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Promise green hydrogen may not always be fulfilled | ScienceDaily

It is thought that green hydrogen can make a major contribution to reducing greenhouse gas emissions. Dutch companies are currently investing in developing green hydrogen in countries where green power, needed to produce green hydrogen, can be easily generated, such as Namibia and Brazil. The EU is also aiming to produce 10 million tonnes of green hydrogen and importing another 10 million tonnes by 2030. "Green hydrogen has great potential as a technology due to its versatility and many applications. But unfortunately, I still foresee some bumps in the road," says environmental scientist De Kleijne.

Entire life cycle

For over a thousand planned green hydrogen projects, De Kleijne calculated the greenhouse gas emissions associated with producing green hydrogen, including the production of, for example, solar panels, wind turbines and batteries to provide power, and the transport by pipeline or ship. "Green hydrogen is produced by splitting water into oxygen and hydrogen in an electrolyser using green electricity. You can then use that hydrogen as a raw material or fuel. Hydrogen made from natural gas is already widely used as a raw material, for example in the chemical industry to produce methanol and ammonia for fertiliser."

The advantage of green hydrogen is that when splitting water, besides hydrogen, only oxygen is released and no CO2. "However, that does require large amounts of green power," says the researcher. "You can only reduce emissions if you use green energy, such as wind or solar power. But even then, the emissions from manufacturing wind turbines and solar panels alone add up considerably. If you look at the entire life cycle in this way, green hydrogen often, but certainly not always, leads to CO2 gains. CO2 gains are usually higher when using wind power rather than solar power. This will improve further in the future as more renewable energy will be used to manufacture the wind turbines, solar panels and steel for the electrolyser, for example."

Hydrogen transport 

Hydrogen production results in the lowest emissions in places where there is a lot of sun or wind, like Brazil or Africa. The downside is that this hydrogen must then be transported to Europe. That is technologically challenging and can create a lot of extra emissions. "Transporting green hydrogen over long distances contributes so much to the total emissions that much of the CO2 gains from production in distant, favourable locations is negated," says De Kleijne. For short distances, transport emissions appear to be lowest for pipelines, while shipping liquid hydrogen is best for long distances.

Zero emissions

The key message, according to the scientist, is that we should not claim that technologies such as green hydrogen are completely emission-free. Current calculation methods that form the basis for regulations do not usually consider emissions from what needs to be manufactured to produce hydrogen, such als solar panels and electrolysers, or hydrogen leakage during transportation. In those cases, it might seem that green hydrogen does not produce many emissions, but that is far from the case. "By looking at emissions over the entire life cycle, we can make a better trade-off between technologies, and identify where improvements can be made in the chain. Furthermore, we can ask ourselves: what is important to produce in the Netherlands and Europe? And when might it be better to move an industry to somewhere else in the world?"




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240621122903.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Unifying behavioral analysis through animal foundation models | ScienceDaily
Behavioral analysis can provide a lot of information about the health status or motivations of a living being. A new technology developed at EPFL makes it possible for a single deep learning model to detect animal motion across many species and environments. This "foundational model," called SuperAnimal, can be used for animal conservation, biomedicine, and neuroscience research.


						
Although there is the saying, "straight from the horse's mouth," it's impossible to get a horse to tell you if it's in pain or experiencing joy. Yet, its body will express the answer in its movements. To a trained eye, pain will manifest as a change in gait, or in the case of joy, the facial expressions of the animal could change. But what if we can automate this with AI? And what about AI models for cows, dogs, cats, or even mice? Automating animal behavior not only removes observer bias, but it helps humans more efficiently get to the right answer.

Today marks the beginning of a new chapter in posture analysis for behavioral phenotyping. Mackenzie Mathis' laboratory at EPFL publishes a Nature Communications article describing a particularly effective new open-source tool that requires no human annotations to get the model to track animals. Named "SuperAnimal," it can automatically recognize, without human supervision, the location of "keypoints" (typically joints) in a whole range of animals -- over 45 animal species -- and even in mythical ones!

"The current pipeline allows users to tailor deep learning models, but this then relies on human effort to identify keypoints on each animal to create a training set," explains Mackenzie Mathis. "This leads to duplicated labeling efforts across researchers and can lead to different semantic labels for the same keypoints, making merging data to train large foundation models very challenging. Our new method provides a new approach to standardize this process and train large-scale datasets. It also makes labeling 10 to 100 times more effective than current tools."

The "SuperAnimal method" is an evolution of a pose estimation technique that Mackenzie Mathis' laboratory had already distributed under the name "DeepLabCutTM." You can read more about this game-changing tool and its origin in this new Nature technology feature.

"Here, we have developed an algorithm capable of compiling a large set of annotations across databases and train the model to learn a harmonized language -- we call this pre-training the foundation model," explains Shaokai Ye, a PhD student researcher and first author of the study. "Then users can simply deploy our base model or fine-tune it on their own data, allowing for further customization if needed."

These advances will make motion analysis much more accessible. "Veterinarians could be particularly interested, as well as those in biomedical research -- especially when it comes to observing the behavior of laboratory mice. But it can go further," says Mackenzie Mathis, mentioning neuroscience and... athletes (canine or otherwise)! Other species -- birds, fish, and insects -- are also within the scope of the model's next evolution. "We also will leverage these models in natural language interfaces to build even more accessible and next-generation tools. For example, Shaokai and I, along with our co-authors at EPFL, recently developed AmadeusGPT, published recently at NeurIPS, that allows for querying video data with written or spoken text. Expanding this for complex behavioral analysis will be very exciting." SuperAnimal is now available to researchers worldwide through its open-source distribution.
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AI-driven plant root analysis | ScienceDaily
In a world striving for sustainability, understanding the hidden half of a living plant -- the roots -- is crucial. Roots are not just an anchor; they are a dynamic interface between the plant and soil, critical for water uptake, nutrient absorption, and, ultimately, the survival of the plant. In an investigation to boost agricultural yields and develop crops resilient to climate change, scientists from Lawrence Berkeley National Laboratory's (Berkeley Lab's) Applied Mathematics and Computational Research (AMCR) and Environmental Genomics and Systems Biology (EGSB) Divisions have made a significant leap. Their latest innovation, RhizoNet, harnesses the power of artificial intelligence (AI) to transform how we study plant roots, offering new insights into root behavior under various environmental conditions.


						
This pioneering tool, detailed in a study published on June 5 in Scientific Reports, revolutionizes root image analysis by automating the process with exceptional accuracy. Traditional methods, which are labor-intensive and prone to errors, fall short when faced with the complex and tangled nature of root systems. RhizoNet steps in with a state-of-the-art deep learning approach, enabling researchers to track root growth and biomass with precision. Using an advanced deep learning-based backbone based on a convolutional neural network, this new computational tool semantically segments plant roots for comprehensive biomass and growth assessment, changing the way laboratories can analyze plant roots and propelling efforts toward self-driving labs.

As Berkeley Lab's Daniela Ushizima, lead investigator of the AI-driven software, explained, "The capability of RhizoNet to standardize root segmentation and phenotyping represents a substantial advancement in the systematic and accelerated analysis of thousands of images. This innovation is instrumental in our ongoing efforts to enhance the precision in capturing root growth dynamics under diverse plant conditions."

Getting to the Roots

Root analysis has traditionally relied on flatbed scanners and manual segmentation methods, which are not only time-consuming but also susceptible to errors, particularly in extensive multi-plant studies. Root image segmentation also presents significant challenges due to natural phenomena like bubbles, droplets, reflections, and shadows. The intricate nature of root structures and the presence of noisy backgrounds further complicate the automated analysis process. These complications are particularly acute at smaller spatial scales, where fine structures are sometimes only as wide as a pixel, making manual annotation extremely challenging even for expert human annotators.

EGSB recently introduced the latest version (2.0) of EcoFAB, a novel hydroponic device that facilitates in-situ plant imaging by offering a detailed view of plant root systems. EcoFAB -- developed via a collaboration between EGSB, the DOE Joint Genome Institute (JGI), and the Climate & Ecosystem Sciences division at Berkeley Lab -- is part of an automated experimental system designed to perform fabricated ecosystem experiments that enhance data reproducibility. RhizoNet, which processes color scans of plants grown in EcoFAB that are subjected to specific nutritional treatments, addresses the scientific challenges of plant root analysis. It employs a sophisticated Residual U-Net architecture (an architecture used in semantic segmentation that improves upon the original U-Net by adding residual connections between input and output blocks within the same level, i.e. resolution, in both the encoder and decoder pathways) to deliver root segmentation specifically adapted for EcoFAB conditions, significantly enhancing prediction accuracy. The system also integrates a convexification procedure that serves to encapsulate identified roots from time series and helps quickly delineate the primary root components from complex backgrounds. This integration is key for accurately monitoring root biomass and growth over time, especially in plants grown under varied nutritional treatments in EcoFABs.

To illustrate this, the new Scientific Reports paper details how the researchers used EcoFAB and RhizoNet to process root scans of Brachypodium distachyon (a small grass species) plants subjected to different nutrient deprivation conditions over approximately five weeks. These images, taken every three to seven days, provide vital data that help scientists understand how roots adapt to varying environments. The high-throughput nature of EcoBOT, the new image acquisition system for EcoFABs, offers research teams the potential for systematic experimental monitoring -- as long as data is analyzed promptly.




"We've made a lot of progress in reducing the manual work involved in plant cultivation experiments with the EcoBOT, and now RhizoNet is reducing the manual work involved in analyzing the data generated," noted Peter Andeer, a research scientist in EGSB and a lead developer of EcoBOT, who collaborated with Ushizima on this work. "This increases our throughput and moves us toward the goal of self-driving labs." Resources at the National Energy Research Scientific Computing Center (NERSC) -- a U.S. Department of Energy (DOE) user facility located at Berkeley Lab -- were used to train RhizoNet and perform inference, bringing this capability of computer vision to the EcoBOT, Ushizima noted.

"EcoBOT is capable of collecting images automatically, but it was unable to determine if how athe plant responds to different environmental changes alive or not or growing or not," Ushizima explained. "By measuring the roots with RhizoNet, we capture detailed data on root biomass and growth not solely to determine plant vitality but to provide comprehensive, quantitative insights that are not readily observable through conventional means. After training the model, it can be reused for multiple experiments (unseen plants)."

"In order to analyze the complex plant images from the EcoBOT, we created a new convolutional neural network for semantic segmentation," added Zineb Sordo, a computer systems engineer in AMCR working as a data scientist on the project. "Our goal was to design an optimized pipeline that uses prior information about the time series to improve the model's accuracy beyond manual annotations done on a single frame. RhizoNet handles noisy images, detecting plant roots from images so biomass and growth can be calculated."

One Patch at a Time

During model tuning, the findings indicated that using smaller image patches significantly enhances the model's performance. In these patches, each neuron in the early layers of the artificial neural network has a smaller receptive field. This allows the model to capture fine details more effectively, enriching the latent space with diverse feature vectors. This approach not only improves the model's ability to generalize to unseen EcoFAB images but also increases its robustness, enabling it to focus on thin objects and capture intricate patterns despite various visual artifacts.

Smaller patches also help prevent class imbalance by excluding sparsely labeled patches -- those with less than 20% of annotated pixels, predominantly background. The team's results show high accuracy, precision, recall, and Intersection over Union (IoU) for smaller patch sizes, demonstrating the model's improved ability to distinguish roots from other objects or artifacts.




To validate the performance of root predictions, the paper compares predicted root biomass to actual measurements. Linear regression analysis revealed a significant correlation, underscoring the precision of automated segmentation over manual annotations, which often struggle to distinguish thin root pixels from similar-looking noise. This comparison highlights the challenge human annotators face and showcases the advanced capabilities of the RhizoNet models, particularly when trained on smaller patch sizes.

This study demonstrates the practical applications of RhizoNet in current research settings, the authors noted, and lays the groundwork for future innovations in sustainable energy solutions as well as carbon-sequestration technology using plants and microbes. The research team is optimistic about the implications of their findings.

"Our next steps involve refining RhizoNet's capabilities to further improve the detection and branching patterns of plant roots," said Ushizima. "We also see potential in adapting and applying these deep-learning algorithms for roots in soil as well as new materials science investigations. We're exploring iterative training protocols, hyperparameter optimization, and leveraging multiple GPUs. These computational tools are designed to assist science teams in analyzing diverse experiments captured as images, and have applicability in multiple areas."

Further research work in plant root growth dynamics is described in a pioneering book on autonomous experimentation edited by Ushizima and Berkeley Lab colleague Marcus Noack that was released in 2023. Other team members from Berkeley Lab include Peter Andeer, Trent Northen, Camille Catoulos, and James Sethian. This multidisciplinary group of scientists is part of Twin Ecosystems, a DOE Office of Science Genomic Science Program project that integrates computer vision software and autonomous experimental design software developed at Berkeley Lab (gpCAM) with an automated experimental system (EcoFAB and EcoBOT) to perform fabricated ecosystem experiments and enhance data reproducibility. The work of analyzing plant roots under different kinds of nutrition and environmental conditions is also part of the DOE's Carbon Negative Earthshot initiative (see sidebar).
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Restoring the Great Salt Lake would have environmental justice as well as ecological benefits | ScienceDaily
Inland seas around the world are drying up due to increasing human water use and accelerating climate change, and their desiccation is releasing harmful dust that pollutes the surrounding areas during acute dust storms. Using the Great Salt Lake in Utah as a case study, researchers show that dust exposure was highest among Pacific Islanders and Hispanic people and lower in white people compared to all other racial/ethnic groups, and higher for individuals without a high school diploma. Restoring the lake would benefit everyone in the vicinity by reducing dust exposure, and it would also decrease the disparities in exposure between different racial/ethnic and socioeconomic groups. These results are reported June 21 in the journal One Earth.


						
"People here in Utah are concerned about the lake for a variety of reasons -- the ski industry, the brine shrimp, the migratory birds, recreation -- and this study adds environmental justice and the equity implications of the drying lake to the conversation," says first author and sociologist Sara Grineski of the University of Utah. "If we can raise the levels of the lake via some coordinated policy responses, we can reduce our exposure to dust, which is good for everyone's health, and we can also reduce the disparity between groups."

The Great Salt Lake has been steadily drying since the mid-1980's, exposing its dry lakebed to atmospheric weathering and wind. Previous studies have shown that dust emissions from drying salt lakes produce fine particulate matter (PM2.5), which is associated with numerous health effects and is the leading environmental cause of human mortality worldwide.

"We know that the dust from these drying lakes is very unhealthy for us, so the question becomes, what does that mean in terms of people's exposure to the dust, and what does it mean in terms of inequalities in exposure to that dust," says Grineski. "Are some people more likely to have to suffer the consequences to a greater degree?"

To answer this question, Grineski teamed up with a multidisciplinary group including atmospheric scientists, geographers, and biologists. They started by using a model to investigate how dust pollution would change if the lake became even dryer, or if its levels rose to a healthy level. The model simulated how much dust would be created by erosion under different lake-level scenarios and how wind would distribute this dust in three counties surrounding the Great Salt Lake. Then, the team combined the model's outputs with demographic data from the 2020 U.S. Decennial Census and American Community Survey to examine whether the severity of dust exposure is associated with racial/ethnic groups or socioeconomic status.

During a typical dust storm, the team found that at the lake's current level, people in the Great Salt Valley are exposed to 26 mg/m3 of dust PM2.5 on average, which is higher than the World Health Organization's threshold of 15 mg/m3 (though lower than the less stringent U.S. National Ambient Air Quality Standards threshold of 35 mg/m3). If the lake were to dry up completely, average exposure during dust storms would increase to 32 mg/m3, but restoring the lake to a healthy level would decrease the average exposure to 24 mg/m3.

They also showed that some groups within the population are exposed to disproportionate levels of dust. Exposure was highest in Pacific Islanders and Hispanic people, and higher in people without a high school diploma (one metric of socioeconomic status), though there was no association between the risk of dust exposure and income level or home ownership.




Raising the lake's level would decrease the disparities between groups, thus helping to alleviate one form of environmental injustice within the region, though Grineski notes that the valley is home to other social disparities in pollution exposure.

"If the lake's level rises, the dust drops, and the disparity in exposure narrows for race/ethnicity and education," says Grineski.

In the future, the team would like to investigate how potential future changes to the region's population size and shape might influence who is most exposed to dust from the lake. Ultimately, they hope their results will help guide local policy makers to prioritize re-filling the Great Salt Lake.

"If we were to enact policy and conservation measures to raise the lake, we would benefit not only in terms of decreased dust, but in terms of less dramatic disparities between who is breathing in more of this dust," says Grineski. "It's important to consider the environmental justice implications of different choices that we might make in the policy arena when we think about different strategies for adaptation and mitigation to climate change."
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How to make aging a 'fairer game' for all wormkind | ScienceDaily
Why do some people live for longer than others? The genes in our DNA sequence are important, helping avoid disease or maintain general health, but differences in our genome sequence alone explain less than 30% of the natural variance of human life expectancy.


						
Exploring how ageing is influenced at the molecular level could shed light on lifespan variation, but generating data at the speed, scale and quality necessary to study this in humans is unfeasible. Instead, researchers turn to worms (Caenorhabditis elegans). Humans share a lot of biology with these small creatures, who also have a large, natural variation in lifespan.

Researchers at the Centre for Genomic Regulation (CRG) observed thousands of genetically identical worms living in a controlled environment. Even when diet, temperature and exposure to predators and pathogens are the same for all worms, many individuals continue to live for a longer or shorter period of time than the average.

The study traced the primary source of this variation to changes in the mRNA content in germline cells (those involved in reproduction) and somatic cells (the cells forming the body). The mRNA balance between the two types of cells is disrupted, or 'decouples', over time, causing ageing to run faster in some individuals than others. The findings are published today in the journal Cell.

The study also found that the magnitude and speed of the decoupling process is influenced by a group of at least 40 different genes. These genes play many different roles in the body ranging from metabolism to the neuroendocrine system. However, the study is first to show they all interact to make some individuals live longer than others.

Knocking down some of the genes extended a worm's lifespan, while knocking down others shortened it. The findings suggest a surprising possibility: the natural differences seen in ageing worms might reflect randomness in the activity of many different genes, making it look as if individuals have been exposed to knockdowns of many different genes.

"Whether a worm lives to day 8 or day 20 is down to seemingly random differences in the activity of these genes. Some worms appear to be simply lucky, in that they have the right mix of genes activated at the right time," says Dr. Matthias Eder, first author of the paper and researcher at the Centre for Genomic Regulation.




Knocking down three genes -- aexr-1, nlp-28, and mak-1 - had a particularly dramatic effect on lifespan variance, reducing the range from around 8 days to just 4. Rather than prolonging the lives of all individuals uniformly, removing any one of these genes drastically increased the life expectancy of worms on the low end of the spectrum, while the life expectancies of the longest-lived worms remained more or less unchanged.

The researchers observed the same effects on healthspan, the period of life spent healthy, rather than simply how long an individual is physically alive. The researchers measured this by studying how long the worms maintain vigorous movement. Knocking down just one of the genes was enough to disproportionately improving healthy ageing in worms on the low end of the healthspan spectrum.

"This isn't about creating immortal worms, but rather making ageing a more equitable process than it currently is -- a fairer game for all. In a way we've doing what doctors do, which is take worms that would die sooner than their peers and make them healthier, helping them live closer to their maximum potential life expectancy. But we're doing it by targeting basic biological mechanisms of aging, not just treating sick individuals. It's essentially making a population more homogeneous and more long lived to boot," says Dr. Nick Stroustrup, senior author of the study and Group Leader at the Centre for Genomic Regulation.

The study doesn't address why knocking down the genes doesn't seem to negatively affect the worm's health. "Several genes could interact to provide built-in redundancy after a certain age. It could also be that the genes aren't needed for individuals living in benign, safe conditions where the worms are kept in the lab. In the harsh environment of the wild, these genes might be more critical for survival. These are just some of the working theories," says Dr. Eder.

The researchers made their findings by developing a method which measures RNA molecules in different cells and tissues, combining it with the 'Lifespan Machine', a device which follows the entire lives of thousands of nematodes at once. The worms live in a petri dish housed inside the machine under the watchful eye of a scanner. The device images nematodes once per hour, gathering lots of data about their behaviour. The researchers have plans to build a similar machine to study the molecular causes of ageing in mice, which have a biology that more closely resembles that of humans.
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New study finds dinosaur fossils did not inspire the mythological griffin | ScienceDaily
A popular and widely-promoted claim that dinosaur fossils inspired the legend of the griffin, the mythological creature with a raptorial bird head and wings on a lion body, has been challenged in a new study.


						
The specific link between dinosaur fossils and griffin mythology was proposed over 30 years ago in a series of papers and books written by folklorist Adrienne Mayor. These started with the 1989 Cryptozoology paper entitled 'Paleocryptozoology: a call for collaboration between classicists and cryptozoologists', and was cemented in the seminal 2000 book 'The First Fossil Hunters. The idea became a staple of books, documentaries and museum exhibits.

It suggests that an early horned dinosaur of Mongolia and China, Protoceratops, was discovered by ancient nomads prospecting for gold in Central Asia. Tales of Protoceratops bones then travelled southwest on trade routes to inspire, or at least influence, stories and art of the griffin.

Griffins are some of the oldest mythological creatures, first appearing in Egyptian and Middle Eastern art during the 4th millennium BC, before becoming popular in ancient Greece during the 8th century BC.

Protoceratops was a small (around 2 metres long) dinosaur that lived in Mongolia and northern China during the Cretaceous period (75-71 million years ago). They belong to the horned dinosaur group, making it a relative of Triceratops, although they actually lack facial horns. Like griffins, Protoceratops stood on four legs, had beaks, and had frill-like extensions of their skulls that, it's been argued, could be interpreted as wings.

In the first detailed assessment of the claims, study authors Dr Mark Witton and Richard Hing, palaeontologists at the University of Portsmouth, re-evaluated historical fossil records, the distribution and nature of Protoceratops fossils, and classical sources linking the griffin with the Protoceratops, consulting with historians and archeologists to fully understand the conventional, non-fossil based view of griffin origins. Ultimately, they found that none of the arguments withstood scrutiny.

Ideas that Protoceratops would be discovered by nomads prospecting for gold, for instance, are unlikely when Protoceratops fossils occur hundreds of kilometres away from ancient gold sites. In the century since Protoceratops was discovered, no gold has been reported alongside them. It also seems doubtful that nomads would have seen much of Protoceratops skeletons, even if they prospected for gold where their fossils occur.




"There is an assumption that dinosaur skeletons are discovered half-exposed, lying around almost like the remains of recently-deceased animals," said Dr Witton. "But generally speaking, just a fraction of an eroding dinosaur skeleton will be visible to the naked eye, unnoticed to all except for sharp-eyed fossil hunters.

"That's almost certainly how ancient peoples wandering around Mongolia encountered Protoceratops. If they wanted to see more, as they'd need to if they were forming myths about these animals, they'd have to extract the fossil from the surrounding rock. That is no small task, even with modern tools, glues, protective wrapping and preparatory techniques. It seems more probable that Protoceratops remains, by and large, went unnoticed -- if the gold prospectors were even there to see them."

Similarly, the geographic spread of griffin art through history does not align with the scenario of griffin lore beginning with Central Asian fossils and then spreading west. There are also no unambiguous references to Protoceratops fossils in ancient literature.

Protoceratops is only griffin-like in being a four-limbed animal with a beak. There are no details in griffin art suggesting that their fossils were referenced but, conversely, many griffins were clearly composed from features of living cats and birds.

Dr Witton added: "Everything about griffin origins is consistent with their traditional interpretation as imaginary beasts, just as their appearance is entirely explained by them being chimaras of big cats and raptorial birds. Invoking a role for dinosaurs in griffin lore, especially species from distant lands like Protoceratops, not only introduces unnecessary complexity and inconsistencies to their origins, but also relies on interpretations and proposals that don't withstand scrutiny."

The authors are keen to stress that there is excellent evidence of fossils being culturally important throughout human history, and innumerable instances of fossils inspiring folklore around the world, referred to as 'geomyths'.

Richard Hing said: "It is important to distinguish between fossil folklore with a factual basis -- that is, connections between fossils and myth evidenced by archaeological discoveries or compelling references in literature and artwork -- and speculated connections based on intuition.

"There is nothing inherently wrong with the idea that ancient peoples found dinosaur bones and incorporated them into their mythology, but we need to root such proposals in realities of history, geography and palaeontology. Otherwise, they are just speculation."

Dr Witton added: "Not all mythological creatures demand explanations through fossils. Some of the most popular geomyths -- Protoceratops and griffins, fossil elephants and cyclopes, and dragons and dinosaurs -- have no evidential basis and are entirely speculative. We promote these stories because they're exciting and seem intuitively plausible, but doing so ignores our growing knowledge of fossil geomyths grounded in fact and evidence. These are just as interesting as their conjectural counterparts, and probably deserve more attention than entirely speculated geomythological scenarios."
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Changing climate will make home feel like somewhere else | ScienceDaily
The impacts of climate change are being felt all over the world, but how will it impact how your hometown feels? An interactive web application from the University of Maryland Center for Environmental Science allows users to search 40,581 places and 5,323 metro areas around the globe to match the expected future climate in each city with the current climate of another location, providing a relatable picture of what is likely in store.


						
You may have already experienced these changes where you live and may be wondering: What will climate of the future be like where I live? How hot will summers be? Will it still snow in winter? And perhaps How might things change course if we act to reduce emissions? This web application helps to provide answers to these questions.

For example, if you live in Washington, D.C., you would need to travel to northern Louisiana to experience what Washington, D.C., will feel like by 2080, where summers are expected to be 11.5degF warmer in 50 years. If you live in Shanghai, China, you would need to travel to northern Pakistan to experience what Shanghai's climate could be like in 2080.

"In 50 years, the northern hemisphere cities to the north are going to become much more like cities to the south. Everything is moving towards the equator in terms of the climate that's coming for you," said Professor Matthew Fitzpatrick. "And the closer you get to the equator there are fewer and fewer good matches for climates in places like Central America, south Florida, and northern Africa. There is no place on earth representative of what those places they will be like in the future."

A spatial ecologist, Fitzpatrick used climate-analog mapping, a statistical technique that matches the expected future climate at one location -- your city of residence, for instance -- with the current climate of another familiar location, to provide a place-based understanding of climate change. He used the most recent available data from the Intergovernmental Panel on Climate Change (IPCC), the United Nations body for assessing the science related to climate change, to illustrate anticipated temperature changes over 30 years under two different scenarios.

Because the answer to these questions depends on how climate is expected to change and the specific nature of those changes is uncertain, the app provides results for both high and reduced emissions scenarios, as well as for several different climate forecast models. You can map the best matches for your city for these different scenarios and models as well as map the similarity between your city's future climate and present climates everywhere (based on the average of the five forecasts for each emission scenario).

The first scenario that users can search is similar to our current trajectory and assumes very high greenhouse gas emissions, in which the planet is on track to warm around 9 degrees F by the end of this century. This scenario would make the earth warmer than it likely has been in millions of years. The second scenario is similar to what the planet would feel like if nations pursue Paris Climate Accord goals. Under that scenario, the planet warms by about 3 degrees F by immediately and drastically reducing human-caused greenhouse gases emissions.

"I hope that it continues to inform the conversation about climate change. I hope it helps people better understand the magnitude of the impacts and why scientists are so concerned," said Fitzpatrick.

Further information: https://fitzlab.shinyapps.io/cityapp/
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Newly discovered dinosaur boasts big, blade-like horns | ScienceDaily
What do you get when you cross Norse mythology with a 78-million-year-old ancestor to the Triceratops? Answer: Lokiceratops rangiformis, a plant-eating dinosaur with a very fancy set of horns.


						
The new dinosaur was identified and named by Colorado State University affiliate faculty member Joseph Sertich and University of Utah Professor Mark Loewen. The dinosaur's name, announced today in the scientific journal PeerJ, translates roughly to "Loki's horned face that looks like a caribou."

Loewen and Sertich, co-lead authors of the PeerJ study, dubbed the new species Lokiceratops (lo-Kee-sare-a-tops) rangiformis because of the unusual, curving blade-like horns on the back of its frill -- the shield of bone at the back of the skull -- and the asymmetrical horns at the peak of the frill, reminiscent of caribou antlers.

"The dinosaur now has a permanent home in Denmark, so we went with a Norse god, and in the end, doesn't it just really look like Loki with the curving blades?" Loewen said, referring to the trickster god's weapon of choice.

Loewen, a paleontologist at the Natural History Museum of Utah, and Sertich, a paleontologist with the Smithsonian Tropical Research Institute, are both scientific consultants for the Museum of Evolution in Denmark, Lokiceratops' new home.

"It's one of those stories with a happy ending, where it didn't go to somebody's mansion," Sertich said. "It ended up in a museum, where it will be preserved forever so people can study it and enjoy visiting it."

New dinosaur discovery

Lokiceratops was discovered in 2019 in the badlands of northern Montana, two miles (3.2 kilometers) south of the U.S.-Canada border. Sertich and Loewen helped reconstruct the dinosaur from fragments the size of dinner plates and smaller. Once they had pieced the skull together, they realized the specimen was a new type of dinosaur.




Estimated to be 22 feet (6.7 meters) long and weigh 11,000 pounds (5 metric tonnes), Lokiceratops is the largest dinosaur from the group of horned dinosaurs called centrosaurines ever found in North America. It has the largest frill horns ever seen on a horned dinosaur and lacks the nose horn that is characteristic among its kin.

"This new dinosaur pushes the envelope on bizarre ceratopsian headgear, sporting the largest frill horns ever seen in a ceratopsian," Sertich said in a press release announcing the dinosaur's unveiling at the Natural History Museum of Utah, where a replica is displayed. "These skull ornaments are one of the keys to unlocking horned dinosaur diversity and demonstrate that evolutionary selection for showy displays contributed to the dizzying richness of Cretaceous ecosystems."

Sertich likened dinosaur horns to feathers on birds. Birds use feather colors and patterns to differentiate their own species among other, similar species of birds.

"We think that the horns on these dinosaurs were analogous to what birds are doing with displays," Sertich said. "They're using them either for mate selection or species recognition."

What Loki's horns tell us about dinosaurs

Lokiceratops was excavated from the same rock layer as four other dinosaur species, indicating that five different dinosaurs lived side by side 78 million years ago in the swamps and coastal plains along the eastern shore of Laramidia, the western landmass of North America created when a seaway divided the continent. Three of these species were closely related but not found outside the region.




"It's unheard-of diversity to find five living together, similar to what you would see on the plains of East Africa today with different horned ungulates," Sertich said.

Unlike the broad range of large wild mammals that roam the U.S. West today, such as elk, these ancient animals were geographically limited, he added. Loki's discovery provides evidence that these species evolved rapidly within a small area, a process sometimes seen in birds.

By the time Triceratops came onto the scene 12 million years later, regional differences had been homogenized into just two species of horned dinosaurs from Canada to Mexico -- possibly in response to a more homogenous climate, Sertich said.

The study shows that dinosaur diversity has been underestimated and presents the most complete family tree of horned dinosaurs to date.

"Lokiceratops helps us understand that we only are scratching the surface when it comes to the diversity and relationships within the family tree of horned dinosaurs," Loewen said.
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First conclusive evidence that a terrestrial leech species can jump | ScienceDaily
A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century. Researchers from the American Museum of Natural History, Fordham University, and City University of New York (CUNY)'s Medgar Evers College published the footage and corresponding analysis today in the journal Biotropica.


						
"We believe this is the first convincing evidence that leeches can jump and do so with visible energy expenditure," said lead author Mai Fahmy, a visiting scientist at the Museum and a postdoctoral researcher at Fordham University. "There have been previous accounts of leeches jumping, including onto people, but those reports were often explained away as leeches just attaching to passerby as they brushed against shrubs or dropping from a branch above. This study dispels that argument."

During two separate expeditions to Madagascar in 2017 and in 2023, Fahmy recorded footage of leeches from the genus Chtonobdella coiling back on a leaf and then taking off. Fahmy and coauthor Michael Tessler, an assistant professor at CUNY's Medgar Evans College and a research associate at the Museum, compare this motion to a "backbending cobra," or to a spring being pulled back. In both cases, the leech keeps its body extended as it soars through the air to the ground, in a notable departure from their usual inchworm-like movements.

"Essentially, it executes a graceful jump but with a seemingly hard landing," Tessler said.

Several other worm-like invertebrates can jump, including the legless larvae of gall midges (Asphondylia sp.), which assume a loop posture before propelling themselves into the air, the larvae of Mediterranean fruit flies (Ceratitis capitata), "skipper flies" (Prochyliza xanthostoma), and several caterpillars, including Lymantria monacha and Orgyia leucostigma. While naturalists and leech biologists have long argued about the ability of terrestrial leeches in the family Haemadipsidae to jump, with some making observations of leeches leaping in their travel notes, there has been little concrete evidence until now.

Fahmy collected the jumping leech she observed on the 2023 trip, and the researchers identified it as Chtonobdella fallax, a common species in Madagascar. The larger Chtonobdella group of leeches to which C. fallax belongs can be found across Madagascar, the Seychelles, the Malay Archipelago, and the South Pacific Islands.

"We do not know how often this may happen or whether these leeches use this ability to seek out hosts, but, given that we caught multiple jumps in two short recordings, this behavior may be common for this species," said Tessler, who studied leeches extensively as a graduate student in the comparative biology Ph.D. program at the Museum's Richard Gilder Graduate School.

Understanding overall leech behavior is also important to conservation efforts because leeches -- and more specifically, their blood meals -- are increasingly being collected to survey vertebrate biodiversity.

"If we can identify how leeches find and attach to hosts, we can better understand the results of their gut content analyses," Fahmy said. "Leeches are also often overlooked and understudied, and, as a natural part of the ecosystem, leeches themselves may be in need of conservation protection."
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Climate models underestimate carbon cycling through plants | ScienceDaily
The carbon stored globally by plants is shorter-lived and more vulnerable to climate change than previously thought, according to a new study.


						
The findings have implications for our understanding of the role of nature in mitigating climate change, including the potential for nature-based carbon removal projects such as mass tree-planting.

The research, carried out by an international team led by Dr Heather Graven at Imperial College London and published today in Science, reveals that existing climate models underestimate the amount of carbon dioxide (CO2) that is taken up by vegetation globally each year, while overestimating how long that carbon remains there.

Dr Graven, Reader in Climate Physics in Imperial's Department of Physics, said: "Plants across the world are actually more productive than we thought they were."

The findings also mean that while carbon is taken up by plants quicker than thought, the carbon is also locked up for a shorter time, meaning carbon from human activities will be released back into the atmosphere sooner than previously predicted.

Dr Graven added: "Many of the strategies being developed by governments and corporations to address climate change rely on plants and forests to draw down planet-warming CO2 and lock it away in the ecosystem.

"But our study suggests that carbon stored in living plants does not stay there as long as we thought. It emphasises that the potential for such nature-based carbon removal projects is limited, and fossil fuel emissions need to be ramped down quickly to minimise the impact of climate change."

Using carbon




Until now, the rate at which plants use CO2 to produce new tissues and other parts globally -- a measure known as Net Primary Productivity -- has been approximated by scaling up data from individual sites. But the sparsity of sites with comprehensive measurements means it has not been possible to accurately calculate Net Primary Productivity globally.

Plants' productivity has been increasing since the early 1900s and more CO2 is currently taken up by plants than is released back to the air. Researchers know that approximately 30% of CO2 emissions by human activities are therefore stored in plants and soils each year, reducing climate change and its impacts.

However, the details of how this storage happens, and its stability into the future, are not yet well understood.

In this study, radiocarbon (14C) -- a radioactive isotope of carbon -- was combined with model simulations to understand how plants use CO2 at a global scale, unlocking valuable insights into the interaction between the atmosphere and the biosphere.

Tracking carbon from bomb tests 

Radiocarbon is produced naturally, but nuclear bomb testing in the 1950s and 1960s increased the level of 14C in the atmosphere. This extra 14C was available to plants globally, giving researchers a good tool to measure how fast they could take it up.




By examining the accumulation of 14C in plants between 1963 and 1967 -- a period when there were no significant nuclear detonations and the total 14C in the Earth system was relatively constant -- the authors could assess how quickly carbon moves from the atmosphere to vegetation and what happens to it once it's there.

The results show that current, widely used models that simulate how land and vegetation interact with the atmosphere underestimate the Net Primary Productivity of plants globally. The results also show that the models overestimate the storage time of carbon in plants.

Role of the biosphere

Co-author Dr Charles Koven, from Lawrence Berkeley National Laboratory, USA, said: "These observations are from a unique moment in history, just after the peak of atomic weapons testing in the atmosphere in the 1960s.

"The observations show that the growth of plants at the time was faster than current climate models estimate that it was. The significance is that it implies that carbon cycles more rapidly between the atmosphere and biosphere than we have thought, and that we need to better understand and account for this more rapid cycling in climate models."

The authors say the research demonstrates the need to improve theories about how plants grow and interact with their ecosystems, and to adjust global climate models accordingly, to better understand how the biosphere is mitigating climate change.

Co-author Dr Will Wieder, from the National Center for Atmospheric Research, USA, said: "Scientists and policymakers need improved estimates of historical land carbon uptake to inform projections of this critical ecosystem service in future decades. Our study provides critical insights into terrestrial carbon cycle dynamics, which can inform models that are used for climate change projections."

The work highlights the usefulness of radiocarbon measurements in helping to unpick the complexities of the biosphere. The study's authors include German physicist Ingeborg Levin, a pioneer in radiocarbon and atmospheric research, who sadly died in February.
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Hurricane changed 'rules of the game' in monkey society | ScienceDaily
A devastating hurricane transformed a monkey society by changing the pros and cons of interacting with others, new research shows.


						
Hurricane Maria hit Puerto Rico in 2017, killing more than 3,000 people. It also destroyed 63% of vegetation on Cayo Santiago (also known as Monkey Island), which is home to a population of rhesus macaques.

Even now, tree cover remains far below pre-hurricane levels and -- in this hot part of the world -- that makes shade a scarce and precious resource for the macaques.

The new study, led by the universities of Pennsylvania and Exeter and published in the journal Science, shows the storm damage altered the evolutionary benefits of tolerating others and sharing shade -- giving a survival advantage to tolerant macaques.

With many ecosystems changing rapidly due to human activity, this study is an example of a species adapting its social strategy to survive.

"In response to the drastic changes caused by the hurricane, macaques persistently increased tolerance and decreased aggression towards each other," said Dr Camille Testard, from the University of Pennsylvania.

"This enabled more macaques to access scarce shade, which is critical for survival."

Dr Testard added: "We examined 10 years of data on the strength and number of macaques' social ties, before and after the hurricane.




"Before the hurricane, tolerating others had no impact on risk of death.

"Afterwards, macaques that displayed more than average social tolerance -- and were therefore better able to share shade -- were 42% less likely to die than those that were less tolerant."

This represents a sudden change in "selection pressure" -- the evolutionary benefits or costs of different traits or behaviours.

Social behaviour was assessed by recording aggression and how often individuals were seen sitting together.

"Macaques aren't the best at sharing resources -- be they food or shade. They are well known to live in an aggressive, highly competitive society," said Professor Lauren Brent, from the University of Exeter.

"But in the heat caused by ecological changes, often around 40C, the macaques had to share space or die."

Dr Testard added: "To access shade, they need to tolerate -- and be tolerated by -- others, and we found that this tolerance spills over into other daily interactions.




"Macaques that began sharing shade also spend time together in the mornings, before the day's heat forces them to seek shade.

"In effect, the hurricane changed the rules of the game in the monkeys' society."

Professor Brent added: "For group-living animals, social relationships may allow them to cope with disturbances in the environment, including human-induced climate change.

"We were surprised the macaques' social behaviour was so flexible, making them resilient to this environmental change, but some species may not display this same flexibility."

The research team included Arizona State University and New York University.

Funders included the National Institutes of Health, the European Research Council, the National Science Foundation and the Royal Society.

The paper is entitled: "Ecological disturbance alters the adaptive benefits of social ties."
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Changing the game for sports emergency action plans | ScienceDaily
A national position statement on emergency action plan development and implementation in sports from a West Virginia University athletic training researcher sets in motion new priorities for responding to catastrophic injuries. The recommendations apply to sports through all levels, from youth to high school to collegiate and professional leagues.


						
"The ultimate goal of this position statement is to reduce unnecessary deaths from sport participation. We want this document to save more lives," said Samantha Scarneo-Miller, assistant professor and program director for the Master of Science in Athletic Training program in the WVU School of Medicine, who is lead author for the position statement.

Scarneo-Miller was tapped by the National Athletic Trainers' Association, NATA, to update the organization's 22-year-old document. The position statement is revised to recommend designating an emergency action plan coordinator who collaborates with other athletic staff, enhancing venue-specific plans to include variables for each sport and comprehensive documentation of incidents.

The leading causes of catastrophic injury in sports are cardiac arrest, exertional heat stroke, traumatic head injury and cervical spine injury.

Published in the National Athletic Trainers' Association Journal of Athletic Training, the position statement provides a framework for emergency action plan development and implementation. This includes recommendations for the preparations and on-site emergency response of health care professionals and other stakeholders to catastrophic or potentially catastrophic injuries in a pre-hospital setting.

The position statement includes several updates and recommendations. Instead of a one-size-fits-all approach, it offers general guidelines that teams can tailor to their specific settings and best use of resources.

Among those is the integration of a pre-event medical meeting, an informational session previously termed "medical timeout" that will occur before a competition and provide details on emergency procedures and signals, and equipment locations.




Expanding on previous guidelines focusing on venue-specific emergency action plans, the new document suggests incorporating the distinct needs of various sports in relation to the skills of assigned personnel and any changes in facilities, such as new construction.

"Having a plan for just the facility isn't good enough anymore," Scarneo-Miller said. "One facility might be used by different teams with different personnel. We need a sport- and venue-specific emergency action plan because coaches and staff have their own unique skills they can contribute to the plan activation."

The importance of designating an emergency action plan coordinator is also emphasized, suggesting that the duty be shifted solely from athletic trainers to include collaboration with the whole athletic staff. The outcome would result in a plan that is more effective in development and implementation.

"The position statement stresses the importance of having an EAP coordinator that is supported by an interdisciplinary health care team," Scarneo-Miller said. "The athletic trainer might be the one coordinating the plan, but they have coaches, administrators, physicians and athletes who need to be involved in reviewing and implementing the plan. We're really trying to emphasize to athletic trainers that they have so many other resources they may not be utilizing."

The systematic approach to the position statement focuses on evolving medical science and was formulated with input from professionals in a variety of fields, including sports medicine physicians and athletic trainers from multiple settings. It's the first position statement developed under NATA's new procedures, emphasizing an objective approach to author team selection, considering diversity in gender, race, location, specialty and setting.

"Previously, clinicians have not been authors on position statements as the documents have been highly focused on the newest research for clinicians to use," Scarneo-Miller said. "But the NATA is pushing hard to ensure clinicians voices are heard when developing these recommendations, since they are the ones who will be translating this document into clinical practice."

Scarneo-Miller stressed the importance of unveiling this new position statement. "We invite stakeholders and partners in embracing these essential recommendations, working together to create a culture of preparedness and safety that will protect and benefit our athletes."

Scarneo-Miller's presentation of the position statement was part of NATA's 75th Clinical Symposia and AT Expo June 25-28 in New Orleans.
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Adolescents today are more satisfied with being single | ScienceDaily
Young people aged 14 to 20 years are nowadays more satisfied with being single than their counterparts ten years ago. This is the conclusion of a study undertaken by the Institute of Psychology at Johannes Gutenberg University Mainz (JGU). "It seems that today's adolescents are less inclined to pursue a romantic relationship. This could well be the reason for the increased singlehood satisfaction," said psychologist Dr. Tita Gonzalez Aviles, lead author of the recent study. Growing numbers of people are living as singles; in other words, they are not in a committed relationship. It has been unclear to date whether this trend towards increased singlehood has also been accompanied by a higher level of satisfaction with this status.


						
Comparison between singles today and singles ten years ago

Throughout the world, marriage rates have been declining over past decades, while divorce rates and the proportions of single-person households have been on the rise. "It is notable that, particularly in Western industrialized countries, singlehood is no longer unconventional and now considered more socially acceptable than in the past," stated Dr. Tita Gonzalez Aviles from the JGU Institute of Psychology. She analyzed data from the representative longitudinal Panel Analysis of Intimate Relationships and Family Dynamics (pairfam), which has been surveying the nature of romantic relationship and family dynamics in Germany since 2008. The most recent study is based on the information provided by 2,936 participants in different birth cohorts. The gathered material related to two separate time periods, namely 2008 to 2011 and 2018 to 2021. This allowed the researchers to differentiate between the satisfaction of earlier-born and later-born singles during adolescence (14-20 years), emerging adulthood (24-30 years), and established adulthood (34-40 years).

"Although we know that singlehood is gaining ground, we have not yet determined whether individuals are now more satisfied with this way of life," added Gonzalez Aviles, explaining the purpose of the study. Their findings, which have recently appeared in the Personality and Social Psychology Bulletin, indicate that adolescent singles born in 2001 to 2003 were more often single and more satisfied with singlehood than the birth cohort born ten years. Furthermore, there were no cohort-related differences among emerging adults aged 24 to 30 years and established adults aged 34 to 40.

Multiple factors explain the higher satisfaction among adolescents

Although the difference in satisfaction between today and ten years ago is not very large, even among adolescents, it stands out from the historical developments among adults. Gonzalez Aviles and her co-authors postulate that this may be due to the fact that living as a single has become increasingly normative over time, especially among the younger generation. Furthermore, their attitudes towards romantic conventions have changed and they are more open to diverse relationship types. "We assume that adolescents nowadays may postpone entering into a stable relationship because they value their personal autonomy and individual fulfillment over a romantic partnership. However, these explanations are -- for the time being -- speculative and require further investigation," concluded Gonzalez Aviles.
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Conversation Is Changing: Why people speak more alike today | ScienceDaily
People from the corporate world and higher education sectors are increasingly adopting each other's speech patterns to be more socially inclusive, according to new research published today by Lancaster University.


						
We may not always notice it, but we frequently imitate each other in conversation, using similar gestures, accents, and facial expressions. We also often re-use the words of the people we speak with.

Over time, this form of engagement, known as resonance, has increased mostly among people in higher social grades, including people in leading managerial positions in the corporate world, doctors, university lecturers and politicians, researchers have found.

The study, led by Dr Vittorio Tantucci, a Senior Lecturer in Linguistics at Lancaster University, showed that over a 20-year period people from these sectors changed their behaviour -- resonating with one another significantly more than they used to and gearing towards a more engaging style. We talk like others to be more inclusive and 'resonate' with them.

This might, suggest the researchers, be due to the dramatic change in corporate communication and higher education in the 2000s, involving an institutional turn towards corporate social responsibility (CSR), and ideologies such as Equality, Diversity, and Inclusion (EDI).

"This plausibly affected not only the system of values of those communities but also their interactional behaviour, now increasingly geared towards overt acknowledgement of other people 's talk," said Dr Tantucci. "This increase is not found in workplaces where these ideologies are not institutionalised and routinely encouraged."

The paper, 'British conversation is changing: Resonance and engagement in the BNC1994 and the BNC2014', is published in the Applied Linguistics Journal today (June 25).




Researchers made the discovery after analysing 'resonance' in natural and spontaneous conversations among British speakers in demographically sampled spoken sections of the British National Corpora BNC 1994 and the BNC 2014.

More than 1600 British English conversations were examined for the study.

The corpora are multi-million-word datasets of contemporary spoken British English developed at Lancaster University and the most recent/up-to-date data of its kind.

This paper centres on how interaction among certain classes of British speakers changed between 1994 and 2014.

Resonance is an important indicator of social inclusion because it shows, on a large scale, that what is said by the other speaker is treated relevant for the continuation of the ongoing conversation: when we resonate with someone, we make them feel 'heard', a way to show that what they say is important to us.

It also found:
    	A significant change in the way British people structurally interact with one another and how this is reflected in different social groups.
    	British interaction appears to be geared towards an increasingly engaging style.
    	A consistent absence of resonance indicates 'interactional detachment' and a marked lack of engagement (this is distinctive in Autism speech).
    	Social grades involving manual labour and communities excluded from CSR and higher education ideologies did not show a significant increase in how they resonate with the language of their peers.
    	People tend to engage with their peers especially when they (re)use their language and make it relevant for the continuation of the interaction.

"When words and expressions are creatively re-used in conversation, speakers are more engaged with each other's speech, showing a more inclusive stance towards what has just been said by the other party," explains Dr Tantucci, who worked on the research with Dr Aiqing Wang, from the University of Liverpool.




"They make the other person's speech sound 'more important', just like a 'real-time citation'. This phenomenon -- resonance -- has become more prominent across higher social grades of British Society than in lower ones.

"This shows a significant change in how British people interact with one another and how this is reflected in different social classes."

Dr Tantucci gives this example.

"If someone says to you 'February was our busiest month this year' and you respond with 'Definitely' the conversation isn't very engaging at all. There is no 'resonance' with the initial comment.

"If, instead, you responded with something like 'It was the busiest -- even more hectic than January' you would show interest in what the speaker actually said.

"You would re-use the words 'was' and 'busiest,' you would replace 'February' with' January', and, again, 'busiest with 'more hectic'.

"That would be perceived as a stronger effort to show that what they said was 'important' to you.

"This kind of linguistic effort is more distinctive of higher social classes today in Britain, especially ones that belong to the corporate and higher education sectors."
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Rising health care prices are driving unemployment and job losses | ScienceDaily
Rising health care prices in the U.S. are leading employers outside the health care sector to reduce their payroll and decrease their number of employees, according to a new study co-authored by Yale economist Zack Cooper.


						
The study, published June 24 as a working paper by the National Bureau of Economic Research (NBER), found that when health care prices increased, non-health care employers responded by reducing their payroll and cutting the jobs of middle-class workers. For the average county, a 1% increase in health care prices would reduce aggregate income in the area by approximately $8 million annually.

The study was conducted by a team of leading economists from Yale, the University of Chicago, the University of Wisconsin-Madison, Harvard University, the U.S. Internal Revenue Service (IRS), and the U.S. Department of the Treasury.

"When health care prices go up, jobs outside the health care sector go down," said Cooper, an associate professor of health policy at the Yale School of Public Health and of economics in the Faculty of Arts and Sciences. "It's broadly understood that employer-sponsored health insurance creates a link between health care markets and labor markets. Our research shows that middle- and lower-income workers are shouldering rising health care prices, and in many cases, it's costing them their jobs. Bottom line: Rising health care costs are increasing economic inequality."

To better understand how rising health care prices affect labor market outcomes, the researchers brought together insurance claims data on approximately a third of adults with employer-sponsored insurance, health insurance premium data from the U.S. Department of Labor, and IRS data from every income tax return filed in the United States between 2008 and 2017. They then used these data to trace out how an increase in health care prices -- such as a $2,000 increase on a $20,000 hospital bill -- flows through to health spending, insurance premiums, employer payrolls, income and unemployment in counties, and the tax revenue collected by the federal government.

"Many think that it's insurers or employers who bear the burden of rising health care prices. We show that it's really the workers themselves who are impacted," said Zarek Brot-Goldberg, an assistant professor at the Harris School of Public Policy at the University of Chicago. "It's vital to understand that rising health care prices aren't just impacting patients. Rising prices are hurting the employment outcomes for workers who never went to the hospital."

For the new study, the authors used hospital mergers as a vehicle to assess the effect of price increases. From 2000 to 2020, there were over 1,000 hospital mergers among the approximately 5,000 U.S. hospitals. In past work, the authors found that approximately 20% of hospital mergers should have been expected to raise prices by lessening competition, according to merger guidelines from the Department of Justice and the Federal Trade Commission. These mergers, on average, raised prices by 5%.




"We can use our analysis to estimate the effect of hospital mergers," said Stuart Craig, an assistant professor at the University of Wisconsin-Madison Business School. "Our results show that a hospital merger that raised prices by 5% would result in $32 million in lost wages, 203 lost jobs, a $6.8 million reduction in federal tax revenue, and a death from suicide or overdose of a worker outside the health sector."

The study also showed that because rising health care prices leads firms to let go of workers, a knock-on effect of hospital mergers is that they lead to increases in government spending on unemployment insurance and reductions in the tax revenue collected by the federal government.

"It's vital to point out that hospital mergers raise spending by the federal government and lower tax revenue at the same time," said Cooper. "When prices in the U.S health sector rise, it's actually a net negative for the economy. It's leading to fewer jobs and precipitating all the consequences we associate with workers becoming unemployed."

Other authors of the study were Lev Klarnet from Harvard University, Ithai Lurie from U.S. Department of Treasury, and Corbin Miller from the U.S. Internal Revenue Service.
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Facial recognition linked to close social bonds, not social butterflies | ScienceDaily
Do you have trouble recognising faces, or do you never forget a face? The better you are at facial recognition, the more supportive relationships you are likely to have, regardless of your personality type.


						
In a world-first study published last weekend in the journal Cognition, a team of international researchers has reported some surprising findings relating to facial recognition.

The first discovery is that one's ability to recognise faces has nothing to do with how extraverted, sociable, or gregarious a person is. What is clear, however, is that good facial recall is linked to the number of close, high-quality relationships that people have.

Researchers from the University of South Australia (UniSA), University of Western Australia (UWA) and Curtin University, along with US colleagues from Wellesley College and Harvard Medical School, undertook four separate studies involving more than 3000 people to tease out the relationship between facial recognition, social networks and personality traits.

In tests where participants memorised new faces or identified celebrity faces, their scores correlated with the number of close relationships they enjoyed.

"People who identified more faces typically had larger supportive social networks, which bodes well for their overall health and happiness," says lead researcher UniSA psychologist Dr Laura Engfors.

"In concrete terms, the rise from the lowest (two) to the highest (28) number of faces that were successfully recognised on one test coincided with six additional close relationships, increasing from nine to 15. That's an increase of two thirds and it is one extra strong social bond per four famous people recognised."

The research did not find any link between facial recognition and a more social personality.




"Our findings rule out the idea that being sociable means you'll probably be great at recognising faces. It also helps to dispel the common misconception that not recognising someone means you are less sociable.

"The ability to recognise faces more easily also means people may develop relationships faster.

"Imagine you've had an engaging conversation with someone you have only just met. A few weeks later you run into them again. If you recognise them quickly and easily, it opens the door to develop the rapport you established in your first meeting, helping the relationship to progress.

"On the flip side, if you don't recognise them, you've missed the chance to build on that initial interaction," Dr Engfors says.

Curtin University researcher and co-author Dr Linda Jeffery says being recognised by someone is a boost to a person's self-esteem.

"It can make us feel important and valued, leading us to relate to that person more warmly, whereas we feel snubbed if someone we have met before does not recognise us."

Wellesley College psychologist and co-author Associate Professor Jeremy Wilmer hopes the findings will be used to build stronger communities that facilitate human connection.




"Understanding that not everyone finds it easy to recognise people can help us to support those around us in social interactions," Prof Wilmer says.

"Something as simple as name tags at a community barbecue or school event can make the difference between a connection built and a connection lost. Similarly, if you catch a flicker of uncertainty on someone's face when you say hello, a subtle reminder to help them place you will be appreciated."

People can test their own celebrity face recognition at the researchers' citizen science website TestMyBrain.org.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240624125612.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Rare Samoan discovery offers clues to origins of inequality | ScienceDaily
The discovery of ancient rock walls and high mounds and ditches in dense jungle in the Falefa Valley on ?Upolu Island in Samoa holds valuable clues to the origins of ancestral land and social hierarchy in Polynesian society, according to a new study.


						
Led by Associate Professor Ethan Cochrane from Waipapa Taumata Rau, University of Auckland, the study makes new connections between a dramatic rise in population in Samoa, richer agricultural land in certain areas and the beginnings of land demarcation and associated social status.

These connections have been of great interest to ordinary Samoans, says Cochrane.

"They have the most intimate knowledge of their land possible and are now able to compare ancient political and village boundaries revealed through archaeology with modern boundaries, and those known through oral tradition, and see where the differences lie."

The team's fieldwork in Samoa hinged around LiDAR (Light Detection and Ranging), a mapping technology that uses light in the form of a pulsed laser to measure variable distances to Earth, from which it creates a topographic map.

Crucially, says Cochrane, when you fly it from a plane, LiDAR penetrates small gaps in thick foliage to reveal what would otherwise have been covered up by a forest canopy.

"This technology has been used for the past 15 to 20 years around the Pacific, and the great thing it can do is strip away even a dense jungle environment. This is one of the first times it's been used in Samoa, so all these impressive rock walls, platforms and mounds, which date back between 600 and 900 years, can be seen in precise detail."

Macheting through dense bush in pouring rain and scorching sun, being attacked by mosquitoes at every turn, very much in "Indiana Jones archaeology" mode, says Cochrane, might not be for everyone, but the rewards in this case make any discomfort worthwhile.




"These structures up close are incredible pieces of architecture. Some were family dwellings made from stone and earth, just like you see today in some Samoan villages, others would have been civic construction projects or ceremonial projects. Some are what are called 'star mounds', as high as two metres, and possibly used for standing on to snare pigeons, which was a chiefly sport."

The study, which was carried out in partnership with the National University of Samoa, and the permission of local villages, is not the first to find these structures, but it is the first to connect the timing and reasons for building them with what it refers to as a 'collective action problem', he says.

"We've figured out that this building of stuff -- kilometre-long rock walls that limit access to land, ditches for irrigation to create a productive wetland agricultural system -- is a response to a massive population rise in Samoa that we know happened around that time [from 900 years ago]."

"In this instance, sharing resources with everyone would mean less for everyone, so the problem becomes, 'when does it become advantageous for individuals to contribute to collective defence at a cost to themselves and to exclude other groups from access to the group's resources?'"

After this rapid population rise in the valley, he says, people did exactly that; they fenced areas away from others to preserve their own access to a valuable resource.

"In this case, the earliest massive rock walls are near more fertile land in the western and northern regions of the valley, which we know to be true from analysing soil samples in the area of these structures."

It's possible that the whole Samoan chiefly system, which is seen across Polynesian society generally, was established based on who had access to land in those early times, and who didn't, says Cochrane, and this could also have been the reason for similar changes in early societies worldwide.




"We've often wondered why hierarchical societies arose across the planet over millennia, when around 20,000 years ago, most human societies were more equitable and there were fewer positions of status and power among hunter gatherers.

"Now, however, we live at the other extreme where many societies, if not all, have status, hierarchies and levels where some people have unimaginable power and others have nothing."
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Researchers engineer AI path to prevent power outages | ScienceDaily
University of Texas at Dallas researchers have developed an artificial intelligence (AI) model that could help electrical grids prevent power outages by automatically rerouting electricity in milliseconds.


						
The UT Dallas researchers, who collaborated with engineers at the University at Buffalo in New York, demonstrated the automated system in a study published online June 4 in Nature Communications.

The approach is an early example of "self-healing grid" technology, which uses AI to detect and repair problems such as outages autonomously and without human intervention when issues occur, such as storm-damaged power lines.

The North American grid is an extensive, complex network of transmission and distribution lines, generation facilities and transformers that distributes electricity from power sources to consumers.

Using various scenarios in a test network, the researchers demonstrated that their solution can automatically identify alternative routes to transfer electricity to users before an outage occurs. AI has the advantage of speed: The system can automatically reroute electrical flow in microseconds, while current human-controlled processes to determine alternate paths could take from minutes to hours.

"Our goal is to find the optimal path to send power to the majority of users as quickly as possible," said Dr. Jie Zhang, associate professor of mechanical engineering in the Erik Jonsson School of Engineering and Computer Science. "But more research is needed before this system can be implemented."

Zhang, who is co-corresponding author of the study, and his colleagues used technology that applies machine learning to graphs in order to map the complex relationships between entities that make up a power distribution network. Graph machine learning involves describing a network's topology, the way the various components are arranged in relation to each other and how electricity moves through the system.




Network topology also may play a critical role in applying AI to solve problems in other complex systems, such as critical infrastructure and ecosystems, said study co-author Dr. Yulia Gel, professor of mathematical sciences in the School of Natural Sciences and Mathematics.

"In this interdisciplinary project, by leveraging our team expertise in power systems, mathematics and machine learning, we explored how we can systematically describe various interdependencies in the distribution systems using graph abstractions," Gel said. "We then investigated how the underlying network topology, integrated into the reinforcement learning framework, can be used for more efficient outage management in the power distribution system."

The researchers' approach relies on reinforcement learning that makes the best decisions to achieve optimal results. Led by co-corresponding author Dr. Souma Chowdhury, associate professor of mechanical and aerospace engineering, University at Buffalo researchers focused on the reinforcement learning aspect of the project.

If electricity is blocked due to line faults, the system is able to reconfigure using switches and draw power from available sources in close proximity, such as from large-scale solar panels or batteries on a university campus or business, said Roshni Anna Jacob, a UTD electrical engineering doctoral student and the paper's co-first author.

"You can leverage those power generators to supply electricity in a specific area," Jacob said.

After focusing on preventing outages, the researchers will aim to develop similar technology to repair and restore the grid after a power disruption.
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Boosting biodiversity without hurting local economies | ScienceDaily
Protected areas, like nature reserves, can conserve biodiversity without harming local economic growth, countering a common belief that conservation restricts development. A new study outlines what is needed for conservation to benefit both nature and people.


						
Conservation zones aim to preserve biodiversity, protect endangered species, and maintain natural habitats. "There's long been uncertainty about the economic tradeoffs," said Binbin Li, associate professor of environmental science at Duke Kunshan University, and lead author of the study published on June 20 in Current Biology. "Our findings show achieving both aims is more common than we previously expected. But that balance depends on socioeconomic conditions near a protected area," said Li.

The study found that 91% of the nearly 10,000 protected areas studied lost no or less natural land than similar but unprotected areas -- a conservation win. But perhaps surprisingly, almost half the surveyed protected areas safeguard natural land without hurting, and sometimes helping, local economic growth.

Several factors were key to their success, the researchers say. For one, having nearby roads and a higher level of economic development both help. There are trade-offs, otherwise: the local economy is hurt, or protected areas fail. Biodiverse regions with emerging economies, like the Amazon and Southeast Asia, face the biggest challenges meeting the needs of nature and people.

"Conservation does not happen in a silo," said co-author Stuart Pimm, Doris Duke Distinguished Professor of Conservation Ecology at Duke University, and an expert on habitat loss and species extinction. "We must consider local development alongside biodiversity conservation to know where and how to protect areas to benefit both the environment and humans."

In the study, 60% of the communities living around protected areas had similar or higher levels of economic growth than those living around unprotected areas. Protected areas that both safeguard nature while benefiting local development tend to be smaller in size, and closer to markets and cities. "Bigger isn't necessarily better," said Li.

"We need to get to a win-win outcome more often, especially in the most biodiverse regions that can ill-afford losing out on economic development or biodiversity," said Li. "We cannot address biodiversity loss without addressing local development issues."
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Changing climate will make home feel like somewhere else | ScienceDaily
The impacts of climate change are being felt all over the world, but how will it impact how your hometown feels? An interactive web application from the University of Maryland Center for Environmental Science allows users to search 40,581 places and 5,323 metro areas around the globe to match the expected future climate in each city with the current climate of another location, providing a relatable picture of what is likely in store.


						
You may have already experienced these changes where you live and may be wondering: What will climate of the future be like where I live? How hot will summers be? Will it still snow in winter? And perhaps How might things change course if we act to reduce emissions? This web application helps to provide answers to these questions.

For example, if you live in Washington, D.C., you would need to travel to northern Louisiana to experience what Washington, D.C., will feel like by 2080, where summers are expected to be 11.5degF warmer in 50 years. If you live in Shanghai, China, you would need to travel to northern Pakistan to experience what Shanghai's climate could be like in 2080.

"In 50 years, the northern hemisphere cities to the north are going to become much more like cities to the south. Everything is moving towards the equator in terms of the climate that's coming for you," said Professor Matthew Fitzpatrick. "And the closer you get to the equator there are fewer and fewer good matches for climates in places like Central America, south Florida, and northern Africa. There is no place on earth representative of what those places they will be like in the future."

A spatial ecologist, Fitzpatrick used climate-analog mapping, a statistical technique that matches the expected future climate at one location -- your city of residence, for instance -- with the current climate of another familiar location, to provide a place-based understanding of climate change. He used the most recent available data from the Intergovernmental Panel on Climate Change (IPCC), the United Nations body for assessing the science related to climate change, to illustrate anticipated temperature changes over 30 years under two different scenarios.

Because the answer to these questions depends on how climate is expected to change and the specific nature of those changes is uncertain, the app provides results for both high and reduced emissions scenarios, as well as for several different climate forecast models. You can map the best matches for your city for these different scenarios and models as well as map the similarity between your city's future climate and present climates everywhere (based on the average of the five forecasts for each emission scenario).

The first scenario that users can search is similar to our current trajectory and assumes very high greenhouse gas emissions, in which the planet is on track to warm around 9 degrees F by the end of this century. This scenario would make the earth warmer than it likely has been in millions of years. The second scenario is similar to what the planet would feel like if nations pursue Paris Climate Accord goals. Under that scenario, the planet warms by about 3 degrees F by immediately and drastically reducing human-caused greenhouse gases emissions.

"I hope that it continues to inform the conversation about climate change. I hope it helps people better understand the magnitude of the impacts and why scientists are so concerned," said Fitzpatrick.

Further information: https://fitzlab.shinyapps.io/cityapp/
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Embryo and organoid models do not threaten the definition of personhood, bioethicist says | ScienceDaily
Advances in organoids and embryonic models of human development have the potential to prompt social and existential questions -- e.g., what defines human individuality? However, bioethicist Insoo Hyun of Harvard Medical School and the Museum of Science in Boston says that these models have the potential to strengthen rather than weaken the concept of human individuality when considered within the philosophical frameworks of "personhood" and sentience. In a commentary publishing June 20 in the journal Cell, Hyun argues that despite huge advances, we are a long way off from developing technologies that would enable embryo models or organoids to achieve personhood.


						
"In the process of illuminating these biological mysteries, human stem-cell-based modeling could recast much of what we take to be special about ourselves as simply a reproducible series of physical events," writes Hyun. "Could these new technologies change our view of ourselves? What does it mean for individuality, for example, if the early embryonic history of each cell line donor can be replayed again and again through the artificial generation of identical human embryo models?"

To answer these questions, Hyun dives into the philosophical concepts of personhood and sentience.

To be a person rather than simply an individual, one must possess the ability to make rational decisions and act thoughtfully on desires. Hyun notes that it is the embryo's potential to become a person, not its current personhood, that matters to most human embryo advocates, and similar issues surround patients at the end of life. However, this potential hinges not only on the embryo's or end-of-life patient's biology, but also on their technological and circumstantial situation.

"Ex corporeal embryos, for example, must not only be genetically and morphologically robust to have a biological chance at becoming a human person, but, just as crucially, they must also be chosen -- normally by those for whom they were created -- to be implanted into a woman's uterus and carried to term," writes Hyun. "Likewise for patients at the end of life. Not only must they have the biological potential for their brains to recover functioning, but they must also be cared for in a hospital setting by decision makers who have the right technologies at their disposal."

For embryos used in research rather than for assisted reproductive purposes, the circumstantial potential for them to become a person is non-existent. Similarly, though organoids can self-assemble and carry out many of the functions of human organs on a small scale, there is no possibility that they could self-assemble into an independently functioning and conscious individual.

"Since the cognitive bar is set so high for personhood, it seems premature to worry about whether brain organoids, neurological chimeras, or embryo models deserve the ethical protections normally afforded to persons," Hyun writes. "The science simply is not there to support these concerns now and would have to depend on major technical innovations to get there in the future. Not even the most extreme forms of human-to-nonhuman neurological chimerism that one could imagine would support fears about personhood emerging in acutely altered animals."

Likewise, current in vitro embryo and organoid models are far from reaching sentience -- the ability to have sensory experiences like pleasure and pain -- which is thought to arise in human fetuses after 24 gestational weeks. The only case in which organoids are likely to experience sentience is when they are transplanted into a living animal model, for example the recent study by Stanford researchers that transplanted human brain organoids into rats -- but rats are already considered sentient, and the ethics of such studies are already scrutinized as such.

"In response to the question of whether new technologies for human developmental modeling could destabilize our view of ourselves, the answer is no, not if we remain mindful of the bedrock distinctions between biological individuals and persons, biological and circumstantial potentiality, and sentient and non-sentient biological individuals," writes Hyun. "Rather than weakening the grounds for which we value human life, perhaps an increased familiarity with developmental models could strengthen our beliefs by reminding us of what really matters-the wellbeing of actual persons and sentient individuals."
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Almonds, pottery, wood help date famed Kyrenia shipwreck
        Researchers have identified the likeliest timeline of the famous Hellenistic-era Kyrenia shipwreck, discovered and recovered off the north coast of Cyprus in the 1960s.

      

      
        Shocked quartz reveals evidence of historical cosmic airburst
        Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.

      

      
        Pillars of creation star in new visualization from NASA's Hubble and Webb telescopes
        Made famous in 1995 by NASA's Hubble Space Telescope, the Pillars of Creation in the heart of the Eagle Nebula have captured imaginations worldwide with their arresting, ethereal beauty. Now, NASA has released a new 3D visualization of these towering celestial structures using data from NASA's Hubble and James Webb space telescopes. This is the most comprehensive and detailed multiwavelength movie yet of these star-birthing clouds.

      

      
        Surprising phosphate finding in NASA's OSIRIS-REx asteroid sample
        Early analysis of the asteroid Bennu sample returned by NASA's OSIRIS-REx mission has revealed dust rich in carbon, nitrogen, and organic compounds, all of which are essential components for life as we know it. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth. The magnesium-sodium phosphate found in the sample hints that the asteroid could have splintered off from an ancient, small, primitive ocean world.

      

      
        Non-stop flight: 4,200 km transatlantic flight of the Painted Lady butterfly mapped
        In October 2013 a researcher made a surprising discovery of Painted Lady Butterflies on the Atlantic beaches of French Guiana -- a species not typically found in South America. This unusual sighting prompted an international study to investigate the origin of these butterflies.

      

      
        Your future medications could be personalized for you on a 3D printer
        Scientists are helping to develop standards and safety protocols that would allow pharmacies to print drugs onsite at a dosage best for you.

      

      
        Next platform for brain-inspired computing
        Computers have come so far in terms of their power and potential, rivaling and even eclipsing human brains in their ability to store and crunch data, make predictions and communicate. But there is one domain where human brains continue to dominate: energy efficiency.

      

      
        Moving objects precisely with sound
        Researchers have succeeded in directing floating objects around an aquatic obstacle course using only soundwaves. Their novel, optics-inspired method holds great promise for biomedical applications such as noninvasive targeted drug delivery.

      

      
        Telltale greenhouse gases could signal alien activity
        If aliens modified a planet in their solar system to make it warmer, we'd be able to tell. A new study identifies the artificial greenhouse gases that would be giveaways of a terraformed planet.

      

      
        Robots face the future
        Researchers have found a way to bind engineered skin tissue to the complex forms of humanoid robots. This brings with it potential benefits to robotic platforms such as increased mobility, self-healing abilities, embedded sensing capabilities and an increasingly lifelike appearance. Taking inspiration from human skin ligaments, the team included special perforations in a robot face, which helped a layer of skin take hold.

      

      
        First of its kind detection made in striking new Webb image
        For the first time, a phenomenon astronomers have long hoped to directly image has been captured by NASA's James Webb Space Telescope's Near-Infrared Camera (NIRCam). In this stunning image of the Serpens Nebula, the discovery lies in the northern area of this young, nearby star-forming region.

      

      
        Meet CARMEN, a robot that helps people with mild cognitive impairment
        Meet CARMEN, short for Cognitively Assistive Robot for Motivation and Neurorehabilitation -- a small, tabletop robot designed to help people with mild cognitive impairment (MCI) learn skills to improve memory, attention, and executive functioning at home.

      

      
        Geologists expect Chang'e-6 lunar surface samples to contain volcanic rock and impact ejecta
        On June 25, China's Chang'e-6 (CE-6) lunar probe is set to return to Earth, carrying the first surface samples collected from the farside of the Moon. In anticipation of this historic event, scientists are publishing their predictions for the unique materials that may be found in the CE-6 samples.

      

      
        A hidden treasure in the Milky Way -- Astronomers uncover ultrabright x-ray source
        Astronomers uncovered that a well-known X-ray binary, whose exact nature has been a mystery to scientists until now, is actually a hidden ultraluminous X-ray source.

      

      
        Star clusters observed within a galaxy in the early Universe
        The history of how stars and galaxies came to be and evolved into the present day remains among the most challenging astrophysical questions to solve yet, but new research brings us closer to understanding it. New insights about young galaxies during the Epoch of Reionization have been revealed. Observations with the James Webb Space Telescope (JWST) of the galaxy Cosmic Gems arc (SPT0615-JD) have confirmed that the light of the galaxy was emitted 460 million years after the big bang. What makes ...

      

      
        Innovative 3D printing method streamlines multi-materials manufacturing
        Researchers have developed a way to create complex devices with multiple materials -- including plastics, metals and semiconductors -- all with a single machine. The research outlines a novel 3D printing and laser process to manufacture multi-material, multi-layered sensors, circuit boards and even textiles with electronic components.

      

      
        Study challenges popular idea that Easter islanders committed 'ecocide'
        Some 1,000 years ago, a small band of Polynesians sailed thousands of miles across the Pacific to settle one of the world's most isolated places -- a small, previously uninhabited island they named Rapa Nui. Eventually, their numbers ballooned to unsustainable levels, they wrecked the environment, and their civilization collapsed. At least that is the longtime story, told in academic studies and popular books. A new study challenges this narrative of 'ecocide' saying that Rapa Nui's population ne...

      

      
        Prying open the AI black box
        Meet SQUID, a new computational tool. Compared with other genomic AI models, SQUID is more consistent, reduces background noise, and can yield better predictions regarding critical mutations. The new system aims to bring scientists closer to their findings' true medical implications.

      

      
        New study finds dinosaur fossils did not inspire the mythological griffin
        For centuries, scientists thought they knew where the griffin legend came from. A new study takes a closer look at the data and folklore's influence on science.

      

      
        Iron meteorites hint that our infant solar system was more doughnut than dartboard
        Iron meteorites are remnants of the metallic cores of the earliest asteroids in our solar system. Iron meteorites contain refractory metals, such as iridium and platinum, that formed near the sun but were transported to the outer solar system. New research shows that for this to have happened, the protoplanetary disk of our solar system had to have been doughnut-shaped because the refractory metals could not have crossed the large gaps in a target-shaped disk of concentric rings. The paper sugges...

      

      
        Supermassive black hole appears to grow like a baby star
        Supermassive black holes pose unanswered questions for astronomers around the world, not least 'How do they grow so big?' Now, an international team of astronomers has discovered a powerful rotating, magnetic wind that they believe is helping a galaxy's central supermassive black hole to grow. The swirling wind, revealed with the help of the ALMA telescope in nearby galaxy ESO320-G030, suggests that similar processes are involved both in black hole growth and the birth of stars.

      

      
        Can AI learn like us?
        Scientists have developed a new, more energy-efficient way for AI algorithms to process data. His model may become the basis for a new generation of AI that learns like we do. Notably, these findings may also lend support to neuroscience theories surrounding memory's role in learning.

      

      
        Newly discovered dinosaur boasts big, blade-like horns
        A new dinosaur has been identified and named. The dinosaur's name, Lokiceratops rangiformis, translates roughly to 'Loki's horned face that looks like a caribou.'

      

      
        First conclusive evidence that a terrestrial leech species can jump
        A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century.
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Almonds, pottery, wood help date famed Kyrenia shipwreck | ScienceDaily
Historic shipwrecks often evoke dreams of sunken riches waiting on the bottom of the ocean to be reclaimed.


						
For the Cornell researchers trying to date the famous Hellenistic-era Kyrenia shipwreck, which was discovered and recovered off the north coast of Cyprus in the 1960s, the real treasure was not gold coins, but thousands of almonds found in jars among the cargo.

The almonds, combined with newly cleaned wood samples and the team's modeling and radiocarbon-dating expertise, led the Cornell Tree-Ring Laboratory to identify the likeliest timeline of the Kyrenia's sinking as between 296-271 BCE, with a strong probability it occurred between 286-272 BCE.

The team's paper, "A Revised Radiocarbon Calibration Curve 350-250 BCE Impacts High-Precision Dating of the Kyrenia Ship," will publish June 26 at 2 pm ET in PLoS ONE. The lead author is Sturt Manning, Distinguished Professor of Arts and Sciences in Classical Archaeology in the College of Arts and Sciences.

The Kyrenia has a storied legacy as the first major Greek Hellenistic-period ship to be found, in 1965, with a largely intact hull. From 1967-69, it was excavated along with its cargo, which included hundreds of ceramic vessels, then reassembled offsite and scientifically studied.

"Kyrenia was one of the first times it was realized this type of rich evidence from the classical world could be found largely intact more than 2,000 years later on the seabed, if you could find it," said Sturt Manning. "It was a bit of a landmark moment, the idea that you actually could dive, excavate and bring up a classical-era ship and so discover this long-past world directly. Shipwrecks are unique time capsules, and you can get amazing preservation."

For the last six decades, the Kyrenia has provided archeologists and historians with key insights into the development of ancient ship technology, construction practices and maritime trade. To date, no fewer than three Kyrenia replicas have been produced and launched, and these reconstructions have yielded considerable information on ancient ships and their sailing performance. However, the timeline of the Kyrenia's provenance and the exact date of its sinking has always been vague at best. The initial efforts to date the ship were based on its recovered artifacts, such as the pottery on board and a small batch of coins, which initially led researchers to estimate the ship was built and sank in the later 300s BCE.




"Classical texts and finds at port sites already told us this era was significant for widespread maritime trade and connections all around the Mediterranean -- an early period of globalization," Manning said. "But the discovery of the Kyrenia ship, just under 15 meters long, likely with a crew of four, dramatically made this all very immediate and real. It yielded key insights into the practicalities of the earlier part of a millennium of intense maritime activity in the Mediterranean, from Greek through Late Antique times."

The first volume of the final publication of the Kyrenia ship project, released last year, argued the wrecking date was a little later, closer to 294-290 BCE, but the primary piece of evidence -- a poorly preserved, nearly illegible coin -- was not watertight.

Manning's team, which included co-authors Madeleine Wenger '24 and Brita Lorentzen, '06, Ph.D. '15, sought to secure a date.

The perils of polyethylene glycol

The biggest hurdle for accurately dating the Kyrenia has been another artifact, one from the 20th century: polyethylene glycol (PEG). Excavators and preservationists often applied the petroleum-based compound to waterlogged wood to prevent it from decomposing after it was lifted out of the ocean's oxygen-free environment.

"PEG was a standard treatment for decades. The trouble is it's a petroleum product," Manning said, "which means that if you've got PEG in the wood, you have this contamination from ancient fossil carbon that makes radiocarbon dating impossible."

Manning's team worked with researchers at the University of Groningen in the Netherlands to develop a new method to clean PEG out of wood, and they demonstrated it on PEG-treated Roman-era samples from Colchester, England, that already had established dendrochronological (tree-ring sequence) dates.




"We removed the PEG from the wood, we radiocarbon dated it and we showed that in each case, we got a radiocarbon age consistent with the real (known) age," Manning said. "We basically got 99.9% of the PEG removed."

They used that technique to remove PEG from a Kyrenia sample that Manning and collaborators had tried, and failed, to accurately date 10 years ago. The team also now dated a tiny, twisted piece of wood that was salvaged from the Kyrenia in the late 1960s but was too small to be included in the reconstruction, thus avoiding PEG-treatment. It subsequently sat in a jar of water in a museum for 50-odd years.

The dates showed that the most recent preserved tree-rings from these timbers grew in the mid-later 4th century BCE. Because the samples did not include bark, the researchers couldn't determine the exact date the original trees were felled, but could say the date was likely after approximately 355-291 BCE.

Organic evidence

Working with the Kyrenia's original excavation team, the researchers examined its various artifacts, including the pottery and coins, with a focus on organic materials, including an astragalus (a sheep or goat ankle bone once used for games and divining rituals in several ancient cultures) and thousands of fresh green almonds found in some of the large amphorae, i.e., ceramic jars. These "short-lived" sample materials helped define the date of the ship's last voyage.

The team applied combined statistical modeling with the dendrochronology of the wood samples to get a level of dating that was much more precise than previous efforts. The modeling identified the most likely range of dates for the final voyage to be between 305-271 BCE (95.4% probability) and 286-272 BCE (68.3% probability) -- several years more recent than current estimations.

But there was one big hiccup along the way. The new dates didn't align with the international radiocarbon calibration curve, which is based on known-age tree-rings and is used to convert radiocarbon measurements into calendar dates for the northern hemisphere.

Manning took a closer look at data behind the calibration curve, which has been assembled over many decades by dozens of labs and hundreds of scientists. He discovered that the period between 350 and 250 BCE had no modern accelerator mass spectrometry (AMS) radiocarbon data behind it. Instead, the calibration curve in this period relied on only a few measurements conducted in the 1980s and 1990s using an older type of radiocarbon-dating technology. With collaborators in the U.S. and the Netherlands, the team measured known-age single-year sequoia and oak samples to re-calibrate the curve for the period 433-250 BCE. That not only helped clarify a big spike in radiocarbon production caused by a minimum of solar activity centered around 360 BCE, but also led to important revisions to the curve in the period around 300 BCE -- improvements that were critical to dating the Kyrenia.

Manning anticipates the new findings will not only clarify the timeline of the Kyrenia and its cargo but will also help researchers using the calibration curve for very different projects.

"This revised curve 400-250 BCE now has relevance to other problems that researchers are working on whether in Europe or China or somewhere else in the northern hemisphere," he said. "Half of the people who cite the paper in the future will be citing the fact that we've revised the radiocarbon calibration curve in this period, and only half will be saying the Kyrenia shipwreck is really important and has a much better date."

Co-authors include researchers from the Oxford Dendrochronology Laboratory, the University of Groningen and the University of California, Irvine.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240626152136.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Shocked quartz reveals evidence of historical cosmic airburst | ScienceDaily
Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.


						
Now, UC Santa Barbara emeritus professor James Kennett and colleagues report the presence of proxies associated with the cosmic airburst distributed over several separate sites in the eastern United States (New Jersey, Maryland and South Carolina), materials indicative of the force and temperature involved in such an event, including platinum, microspherules, meltglass and shock-fractured quartz. The study appears in ScienceOpen's journal Airbursts and Cratering.

"What we've found is that the pressures and temperatures were not characteristic of major crater-forming impacts but were consistent with so-called 'touchdown' airbursts that don't form much in the way of craters," Kennett said.

The Earth is bombarded every day by tons of celestial debris, in the form of tiny dust particles. On the other end of the scale are the extremely rare and cataclysmic impacts like the Chicxulub event that 65 million years ago caused the extinction of dinosaurs and other species. Its 150-kilometer-wide (93 miles) impact crater can be found in the Yucatan Peninsula in Mexico.

Somewhere in between are the impacts that don't leave craters on the Earth's surface but are nevertheless destructive. The shockwave from the 1908 Tunguska event knocked down 2,150 square kilometers (830 square miles) of forest, as the roughly 40-meter (130 ft) diameter asteroid collided with the atmosphere almost 10 kilometers (6 miles) above the Siberian taiga.

The comet thought to be responsible for the Younger Dryas cooling episode is estimated to have been 100 kilometers wide (62 miles) -- much larger than the Tunguska object, and fragmented into thousands of pieces. The sediment layer associated with the airburst stretches across much of the northern hemisphere, but can also be found in locations south of the equator. This layer contains unusually high levels of rare materials associated with cosmic impacts, such as iridium and platinum, and materials formed under high pressures and temperatures, such as magnetic microspherules (cooled-down metallic droplets), meltglass and nanodiamonds.

Shocked quartz and amorphous silica

The researchers are particularly interested in the presence of shocked quartz, indicated by a pattern of lines, called lamellae, that shows stress great enough to deform the crystal structure of quartz, a very hard material. This "creme de la creme" of cosmic impact evidence is present in impact craters, however linking shocked quartz to cosmic airbursts has proven to be more of a challenge.




"In the extreme form, such as when an asteroid hammers into the Earth's surface, all the fractures are very parallel," Kennett explained. In the realm of cosmic airbursts, different variables are present in the realm of cosmic airbursts. "When you think about it, the pressures and temperatures that produce these fractures will vary depending on the density, entry angle, altitude of the impact and the impactor's size.

"What we found -- and this is what is characteristic of the impact layer, called the Younger Dryas Boundary -- is that although we do occasionally see in the quartz grains examples of the 'traditional' shocked quartz with parallel fractures, we mostly see grains that are not parallel," he said. These fractures are seen in an irregular, web-like pattern of intersecting, meandering lines and surface and subsurface fissures, in contrast to the parallel and planar deformations of impact-associated shocked quartz found at craters. These subparallel and subplanar deformations are due in large part to the relatively lower pressures caused by explosions that occur above the ground, the researchers assert, as opposed to impacts that make contact with the Earth.

What these sediments do share with the shocked quartz at crater sites is the presence of amorphous silica -- melted glass -- in these fractures. And that, the researchers say, is evidence of the combination of pressure and high temperatures (greater than 2000 degrees Celsius) that could have come from a low-altitude bolide airburst. Similarly fractured quartz grains and meltglass have been found in more present-day samples of above ground explosions, such as at the Trinity atomic bomb test site in New Mexico. The roughly 20-kiloton bomb was detonated atop a 30.5 meter (100 foot) tower.

These lower-pressure shocked quartz grains join a growing suite of impact proxies that together make a case for a fragmented comet that not only caused widespread burning, but also abrupt climatic change that resulted in the extinctions of 35 genera of megafauna in North America, such as the mammoths and giant ground sloths, and led to the collapse of a flourishing human culture called Clovis, according to the researchers.

"There's a whole range of different shocked quartz, so we have to make a well-documented case that they are indeed significant for interpreting cosmic impact, even though they're not reflecting a traditional major crater-forming event," Kennett said. "These are from very-low-altitude 'touchdown' airbursts almost certainly associated with cometary impact."
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Pillars of creation star in new visualization from NASA's Hubble and Webb telescopes | ScienceDaily
Made famous in 1995 by NASA's Hubble Space Telescope, the Pillars of Creation in the heart of the Eagle Nebula have captured imaginations worldwide with their arresting, ethereal beauty.


						
Now, NASA has released a new 3D visualization of these towering celestial structures using data from NASA's Hubble and James Webb space telescopes. This is the most comprehensive and detailed multiwavelength movie yet of these star-birthing clouds.

"By flying past and amongst the pillars, viewers experience their three-dimensional structure and see how they look different in the Hubble visible-light view versus the Webb infrared-light view," explained principal visualization scientist Frank Summers of the Space Telescope Science Institute (STScI) in Baltimore, who led the movie development team for NASA's Universe of Learning.

"The contrast helps them understand why we have more than one space telescope to observe different aspects of the same object."

The four Pillars of Creation, made primarily of cool molecular hydrogen and dust, are being eroded by the fierce winds and punishing ultraviolet light of nearby hot, young stars. Finger-like structures larger than the solar system protrude from the tops of the pillars. Within these fingers can be embedded, embryonic stars. The tallest pillar stretches across three light-years, three-quarters of the distance between our Sun and the next nearest star.

The movie takes visitors into the three-dimensional structures of the pillars. Rather than an artistic interpretation, the video is based on observational data from a science paper led by Anna McLeod, an associate professor at the University of Durham in the United Kingdom. McLeod also served as a scientific advisor on the movie project.

"The Pillars of Creation were always on our minds to create in 3D. Webb data in combination with Hubble data allowed us to see the Pillars in more complete detail," said production lead Greg Bacon of STScI. "Understanding the science and how to best represent it allowed our small, talented team to meet the challenge of visualizing this iconic structure."

The new visualization helps viewers experience how two of the world's most powerful space telescopes work together to provide a more complex and holistic portrait of the pillars. Hubble sees objects that glow in visible light, at thousands of degrees. Webb's infrared vision, which is sensitive to cooler objects with temperatures of just hundreds of degrees, pierces through obscuring dust to see stars embedded in the pillars.




"When we combine observations from NASA's space telescopes across different wavelengths of light, we broaden our understanding of the universe," said Mark Clampin, Astrophysics Division director at NASA Headquarters in Washington. "The Pillars of Creation region continues to offer us new insights that hone our understanding of how stars form. Now, with this new visualization, everyone can experience this rich, captivating landscape in a new way."

Produced for NASA by STScI with partners at Caltech/IPAC, and developed by the AstroViz Project of NASA's Universe of Learning, the 3D visualization is part of a longer, narrated video that combines a direct connection to the science and scientists of NASA's Astrophysics missions with attention to the needs of an audience of youth, families, and lifelong learners. It enables viewers to explore fundamental questions in science, experience how science is done, and discover the universe for themselves.

Several stages of star formation are highlighted in the visualization. As viewers approach the central pillar, they see at its top an embedded, infant protostar glimmering bright red in infrared light. Near the top of the left pillar is a diagonal jet of material ejected from a newborn star. Though the jet is evidence of star birth, viewers can't see the star itself. Finally, at the end of one of the left pillar's protruding "fingers" is a blazing, brand-new star.

A bonus product from this visualization is a new 3D printable model of the Pillars of Creation.

The base model of the four pillars used in the visualization has been adapted to the STL file format, so that viewers can download the model file and print it out on 3D printers. Examining the structure of the pillars in this tactile and interactive way adds new perspectives and insights to the overall experience.
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Surprising phosphate finding in NASA's OSIRIS-REx asteroid sample | ScienceDaily
Early analysis of the asteroid Bennu sample returned by NASA's OSIRIS-REx mission has revealed dust rich in carbon, nitrogen, and organic compounds, all of which are essential components for life as we know it. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth.


						
The magnesium-sodium phosphate found in the sample hints that the asteroid could have splintered off from an ancient, small, primitive ocean world. The phosphate was a surprise to the team because the mineral had not been detected by the OSIRIS-REx spacecraft while at Bennu.

While a similar phosphate was found in the asteroid Ryugu sample delivered by JAXA's (Japan Aerospace Exploration Agency) Hayabusa2 mission in 2020, the magnesium-sodium phosphate detected in the Bennu sample stands out for its purity (that is, the lack of other materials included in the mineral) and the size of its grains, unprecedented in any meteorite sample.

Scientists have eagerly awaited the opportunity to dig into the 4.3-ounce (121.6-gram) pristine asteroid Bennu sample collected by NASA's OSIRIS-REx (Origins, Spectral Interpretation, Resource Identification, and Security -- Regolith Explorer) mission since it was delivered to Earth last fall. They hoped the material would hold secrets of the solar system's past and the prebiotic chemistry that might have led to the origin of life on Earth. An early analysis of the Bennu sample, published June 26 in Meteoritics & Planetary Science, demonstrates this excitement was warranted.

The OSIRIS-REx Sample Analysis Team found that Bennu contains the original ingredients that formed our solar system. The asteroid's dust is rich in carbon and nitrogen, as well as organic compounds, all of which are essential components for life as we know it. The sample also contains magnesium-sodium phosphate, which was a surprise to the research team, because it wasn't seen in the remote sensing data collected by the spacecraft at Bennu. Its presence in the sample hints that the asteroid could have splintered off from a long-gone, tiny, primitive ocean world.

A Phosphate Surprise

Analysis of the Bennu sample unveiled intriguing insights into the asteroid's composition. Dominated by clay minerals, particularly serpentine, the sample mirrors the type of rock found at mid-ocean ridges on Earth, where material from the mantle, the layer beneath Earth's crust, encounters water.




This interaction doesn't just result in clay formation; it also gives rise to a variety of minerals like carbonates, iron oxides, and iron sulfides. But the most unexpected discovery is the presence of water-soluble phosphates. These compounds are components of biochemistry for all known life on Earth today.

While a similar phosphate was found in the asteroid Ryugu sample delivered by JAXA's (Japan Aerospace Exploration Agency) Hayabusa2 mission in 2020, the magnesium-sodium phosphate detected in the Bennu sample stands out for its purity -- that is, the lack of other materials in the mineral -- and the size of its grains, unprecedented in any meteorite sample.

The finding of magnesium-sodium phosphates in the Bennu sample raises questions about the geochemical processes that concentrated these elements and provides valuable clues about Bennu's historic conditions.

"The presence and state of phosphates, along with other elements and compounds on Bennu, suggest a watery past for the asteroid," said Dante Lauretta, co-lead author of the paper and principal investigator for OSIRIS-REx at the University of Arizona, Tucson. "Bennu potentially could have once been part of a wetter world. Although, this hypothesis requires further investigation."

"OSIRIS-REx gave us exactly what we hoped: a large pristine asteroid sample rich in nitrogen and carbon from a formerly wet world," said Jason Dworkin, a co-author on the paper and the OSIRIS-REx project scientist at NASA's Goddard Space Flight Center in Greenbelt, Maryland.

From a Young Solar System

Despite its possible history of interaction with water, Bennu remains a chemically primitive asteroid, with elemental proportions closely resembling those of the Sun.




"The sample we returned is the largest reservoir of unaltered asteroid material on Earth right now," said Lauretta.

This composition offers a glimpse into the early days of our solar system, over 4.5 billion years ago. These rocks have retained their original state, having neither melted nor resolidified since their inception, affirming their ancient origins.

Hints at Life's Building Blocks

The team has confirmed the asteroid is rich in carbon and nitrogen. These elements are crucial in understanding the environments where Bennu's materials originated and the chemical processes that transformed simple elements into complex molecules, potentially laying the groundwork for life on Earth.

"These findings underscore the importance of collecting and studying material from asteroids like Bennu -- especially low-density material that would typically burn up upon entering Earth's atmosphere," said Lauretta. "This material holds the key to unraveling the intricate processes of solar system formation and the prebiotic chemistry that could have contributed to life emerging on Earth."

What's Next

Dozens more labs in the United States and around the world will receive portions of the Bennu sample from NASA's Johnson Space Center in Houston in the coming months, and many more scientific papers describing analyses of the Bennu sample are expected in the next few years from the OSIRIS-REx Sample Analysis Team.

"The Bennu samples are tantalizingly beautiful extraterrestrial rocks," said Harold Connolly, co-lead author on the paper and OSIRIS-REx mission sample scientist at Rowan University in Glassboro, New Jersey. "Each week, analysis by the OSIRIS-REx Sample Analysis Team provides new and sometimes surprising findings that are helping place important constraints on the origin and evolution of Earth-like planets."

Launched on Sept. 8, 2016, the OSIRIS-REx spacecraft traveled to near-Earth asteroid Bennu and collected a sample of rocks and dust from the surface. OSIRIS-REx, the first U.S. mission to collect a sample from an asteroid, delivered the sample to Earth on Sept. 24, 2023.
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Non-stop flight: 4,200 km transatlantic flight of the Painted Lady butterfly mapped | ScienceDaily
In October 2013, Gerard Talavera, a researcher from the Botanical Institute of Barcelona at CSIC, made a surprising discovery of Painted Lady Butterflies on the Atlantic beaches of French Guiana -- a species not typically found in South America. This unusual sighting prompted an international study to investigate the origin of these butterflies.


						
A Combination of Novel Techniques Solves the Enigma

Using innovative multidisciplinary tools, the research team co-led by Gerard Talavera from the Institut Botanic de Barcelona (IBB, CSIC-CMCNB), Tomasz Suchan from the W. Szafer Institute of Botany, and Clement Bataille, associate professor inthe Department of Earth and Environmental Sciences at the University of Ottawa -- with Megan Reich, a postdoctoral researcher from the Department of Biology at uOttawa, Roger Vila and Eric Toro Delgado, scientists from the Institute of Evolutionary Biology (IBE, CSIC-UPF) and Naomi Pierce, a professor of Biology in the Department of Organismic and Evolutionary Biology at Harvard University -- embarked on a scientific mission to track the journey and origin of those mysterious Painted Ladies.

First, the research team reconstructed wind trajectories for the period preceding the arrival of these butterflies in October 2013. They found exceptionally favorable wind conditions that could support a transatlantic crossing from western Africa, opening the possibility that those individuals might have flown across the entire ocean.

After sequencing the genomes of these individuals and analyzing them in comparison to populations globally, researchers discovered that the butterflies had a closer genetic relatedness to African and European populations. This result eliminated the likelihood of these individuals coming from North America, thereby reinforcing the hypothesis of an oceanic journey.

Researchers leveraged a unique combination of next-generation molecular techniques. They sequenced the DNA of pollen grains carried by these butterflies. They identified two species of plants that only grow in tropical Africa indicating that the butterflies nectared on African flowers before engaging into their transatlantic journey. They analyzed hydrogen and strontium isotopes in the butterflies' wings, a chemical signal that acts as a "fingerprint" of the region of natal origin. Combining isotopes with a model of habitat suitability for larval growth revealed potential natal origin in western Europe, possibly France, Ireland, the United Kingdom, or Portugal.

Dr. Bataille underlines the methodological novelty of this study: "It is the first time that this combination of molecular techniques including isotope geolocation and pollen metabarcoding is tested on migratory insects. The results are very promising and transferable to many other migratory insect species. The technique should fundamentally transform our understanding of insect migration."

"We usually see butterflies as symbols of the fragility of beauty, but science shows us that they can perform incredible feats. There is still much to discover about their capabilities," emphasizes Roger Vila, a researcher at the Institute of Evolutionary Biology (CSIC-Pompeu Fabra University) and co-author of the study.




Buoyed by the Winds

The researchers assessed the viability of a transatlantic flight by analyzing the energy expenditure for the journey. They predicted that the flight over the ocean, lasting 5 to 8 days without stops, was feasible due to advantageous wind conditions. "The butterflies could only have completed this flight using a strategy alternating between active flight, which is costly energetically, and gliding the wind. We estimate that without wind, the butterflies could have flown a maximum of 780 km before consuming all their fat and, therefore, their energy," comments Eric Toro-Delgado, one of the article's co-authors.

The Saharan air layer is emphasized by researchers as a significant aerial route for dispersion. These wind currents are known to transport large amounts of Saharan dust from Africa to America, fertilizing the Amazon. This study now shows that these air currents are capable of transporting living organisms.

The Potential Impact of Migrations in the Context of Global Change

This finding indicates that natural aerial corridors connecting continents may exist, potentially facilitating the dispersal of species on a much larger scale than previously imagined.

"I think this study does a good job of demonstrating how much we tend to underestimate the dispersal abilities of insects. Furthermore, it's entirely possible that we are also underestimating the frequency of these types of dispersal events and their impact on ecosystems," comments Megan Reich, a Postdoctoral Fellow at the University of Ottawa who also coauthored the study.

Gerard Talavera, the study's lead researcher, adds, "Throughout history, migratory phenomena have been important in defining species distributions as we observe them today."

Researchers emphasize that due to global warming and changing climate patterns, we may witness more notable changes and a potential increase in long-distance dispersal events. This could significantly impact biodiversity and ecosystems worldwide. "It is essential to promote systematic monitoring routines for dispersing insects, which could help predict and mitigate potential risks to biodiversity resulting from global change," concludes Gerard Talavera.
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Your future medications could be personalized for you on a 3D printer | ScienceDaily
Chocolate-flavored pills for children who hate taking medicine.


						
Several drugs combined into one daily pill for seniors who have trouble remembering to take their medications.

Drugs printed at your local pharmacy at personalized dosages that best suit your health needs.

These are just a few potential advantages of 3D drug printing, a new system for manufacturing drugs and treatments on-site at pharmacies, health care facilities and other remote locations.

In 2015, the Food and Drug Administration approved the first 3D-printed drug, Spritam (levetiracetam), for epilepsy. Several other manufacturers and drug companies are developing their own ones.

But the widespread adoption of 3D drug printing will require stringent quality control measures to ensure that people get the right medication and dosage. Even a tiny mismeasurement of a drug's ingredient during the printing process could endanger a patient's health.

In a new research paper, NIST research scientist Thomas P. Forbes assesses various approaches to ensuring that 3D drug printers work as designed. The journal article applies a "quality by design" analysis to evaluate the best procedures and protocols to ensure that 3D printers produce drugs at the correct dosages and with the correct mix of chemicals.

Though various methods exist for remotely printing drugs, Forbes focused on one of the most common: inkjet printers and similar systems that can print personalized medication on demand.

Like inkjet printers in homes, though larger, the printer has nozzles that deposit the drug's liquified materials, or inks, into tiny wells on a tray or directly into capsules. Through freeze-drying and other processes, the liquid can be turned into a tablet or powder poured into a capsule. It can also be evaporated onto a thin film that dissolves in the mouth.

Forbes' paper does not make any recommendations. Instead, his research identifies and tests several possible methods and techniques for maintaining quality control in 3D drug printing.
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Next platform for brain-inspired computing | ScienceDaily
Computers have come so far in terms of their power and potential, rivaling and even eclipsing human brains in their ability to store and crunch data, make predictions and communicate. But there is one domain where human brains continue to dominate: energy efficiency.


						
"The most efficient computers are still approximately four orders of magnitude -- that's 10,000 times -- higher in energy requirements compared to the human brain for specific tasks such as image processing and recognition, although they outperform the brain in tasks like mathematical calculations," said UC Santa Barbara electrical and computer engineering Professor Kaustav Banerjee, a world expert in the realm of nanoelectronics. "Making computers more energy efficient is crucial because the worldwide energy consumption by on-chip electronics stands at #4 in the global rankings of nation-wise energy consumption, and it is increasing exponentially each year, fueled by applications such as artificial intelligence." Additionally, he said, the problem of energy inefficient computing is particularly pressing in the context of global warming, "highlighting the urgent need to develop more energy-efficient computing technologies."

Neuromorphic (NM) computing has emerged as a promising way to bridge the energy efficiency gap. By mimicking the structure and operations of the human brain, where processing occurs in parallel across an array of low power-consuming neurons, it may be possible to approach brain-like energy efficiency. In a paper published in thejournal Nature Communications, Banerjee and co-workers Arnab Pal, Zichun Chai, Junkai Jiang and Wei Cao, in collaboration with researchers Vivek De and Mike Davies from Intel Labs propose such an ultra-energy efficient platform, using 2D transition metal dichalcogenide (TMD)-based tunnel-field-effect transistors (TFETs). Their platform, the researchers say, can bring the energy requirements to within two orders of magnitude (about 100 times) with respect to the human brain.

Leakage currents and subthreshold swing

The concept of neuromorphic computing has been around for decades, though the research around it has intensified only relatively recently. Advances in circuitry that enable smaller, denser arrays of transistors, and therefore more processing and functionality for less power consumption are just scratching the surface of what can be done to enable brain-inspired computing. Add to that an appetite generated by its many potential applications, such as AI and the Internet-of-Things, and it's clear that expanding the options for a hardware platform for neuromorphic computing must be addressed in order to move forward.

Enter the team's 2D tunnel-transistors. Emerging out of Banerjee's longstandingresearch efforts to develop high-performance, low-power consumption transistors to meet the growing hunger for processing without a matching increase in power requirement, these atomically thin, nanoscale transistors are responsive at low voltages, and as the foundation of the researchers' NM platform, can mimic the highly energy efficient operations of the human brain. In addition to lower off-state currents, the 2D TFETs also have a low subthreshold swing (SS), a parameter that describes how effectively a transistor can switch from off to on. According to Banerjee, a lower SS means a lower operating voltage, and faster and more efficient switching.

"Neuromorphic computing architectures are designed to operate with very sparse firing circuits," said lead author Arnab Pal, "meaning they mimic how neurons in the brain fire only when necessary." In contrast to the more conventional von Neumann architecture of today's computers, in which data is processed sequentially, memory and processing components are separated and which continuously draw power throughout the entire operation, an event-driven system such as a NM computer fires up only when there is input to process, and memory and processing are distributed across an array of transistors. Companies like Intel and IBM have developed brain-inspired platforms, deploying billions of interconnected transistors and generating significant energy savings.




However, there's still room for energy efficiency improvement, according to the researchers.

"In these systems, most of the energy is lost through leakage currents when the transistors are off, rather than during their active state," Banerjee explained. A ubiquitous phenomenon in the world of electronics, leakage currents are small amounts of electricity that flow through a circuit even when it is in the off state (but still connected to power). According to the paper, current NM chips use traditional metal-oxide-semiconductor field-effect transistors (MOSFETs) which have a high on-state current, but also high off-state leakage. "Since the power efficiency of these chips is constrained by the off-state leakage, our approach -- using tunneling transistors with much lower off-state current -- can greatly improve power efficiency," Banerjee said.

When integrated into a neuromorphic circuit, which emulates the firing and reset of neurons, the TFETs proved themselves more energy efficient than state-of-the-art MOSFETs, particularly the FinFETs (a MOSFET design that incorporates vertical "fins" as a way to provide better control of switching and leakage). TFETs are still in the experimental stage, however the performance and energy efficiency of neuromorphic circuits based on them makes them a promising candidate for the next generation of brain-inspired computing.

According to co-authors Vivek De (Intel Fellow) and Mike Davies (Director of Intel's Neuromorphic Computing Lab), "Once realized, this platform can bring the energy consumption in chips to within two orders of magnitude with respect to the human brain -- not accounting for the interface circuitry and memory storage elements. This represents a significant improvement from what is achievable today."

Eventually, one can realize three-dimensional versions of these 2D-TFET based neuromorphic circuits to provide even closer emulation of the human brain, added Banerjee, widely recognized as one of the key visionaries behind 3D integrated circuits that are now witnessing wide scale commercial proliferation.
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Moving objects precisely with sound | ScienceDaily
In 2018, Arthur Ashkin won the Nobel Prize in Physics for inventing optical tweezers: laser beams that can be used to manipulate microscopic particles. While useful for many biological applications, optical tweezers require extremely controlled, static conditions to work properly.


						
"Optical tweezers work by creating a light 'hotspot' to trap particles, like a ball falling into a hole. But if there are other objects in the vicinity, this hole is difficult to create and move around," says Romain Fleury, head of the Laboratory of Wave Engineering in EPFL's School of Engineering.

Fleury and postdoctoral researchers Bakhtiyar Orazbayev and Matthieu Mallejac have spent the last four years trying to move objects in uncontrolled, dynamic environments using soundwaves. In fact, the team's method -- wave momentum shaping -- is entirely indifferent to an object's environment or even its physical properties. All the information that's required is the object's position, and the soundwaves do the rest.

"In our experiments, instead of trapping objects, we gently pushed them around, as you might guide a puck with a hockey stick," Fleury explains.

The unconventional method, funded by the Swiss National Science Foundation (SNSF) Spark program, has been published in Nature Physics in collaboration with researchers from the University of Bordeaux in France, Nazarbayev University in Kazakhstan, and the Vienna University of Technology in Austria.

Very simple, very promising

If soundwaves are the hockey stick in Fleury's analogy, then a floating object like a ping-pong ball is the puck. In the lab's experiments, the ball was floating on the surface of a large tank of water, and its position was captured by an overhead camera. Audible soundwaves emitted from a speaker array at either end of the tank directed the ball along a pre-determined path, while a second array of microphones 'listened' to the feedback, called a scattering matrix, as it bounced off of the moving ball. This scattering matrix, combined with the camera's positional data, allowed the researchers to calculate in real time the optimal momentum of the soundwaves as they nudged the ball along its path.




"The method is rooted in momentum conservation, which makes it extremely simple and general, and that's why it's so promising," Fleury says.

He adds that wave momentum shaping is inspired by the optical technique of wavefront shaping, which is used to focus scattered light, but this is the first application of the concept to moving an object. What's more, the team's method is not limited to moving spherical objects along a path: they also used it to control rotations, and to move more complex floaters like an origami lotus.

Mimicking conditions inside the body 

Once the scientists succeeded in guiding a ping-pong ball, they performed additional experiments with both stationary and moving obstacles designed to add inhomogeneity to the system. Successfully navigating the ball around these scattering objects demonstrated that wave momentum shaping could perform well even in dynamic, uncontrolled environments like a human body. Fleury adds that sound is a particularly promising tool for biomedical applications, as it is harmless and noninvasive.

"Some drug delivery methods already use soundwaves to release encapsulated drugs, so this technique is especially attractive for pushing a drug directly toward tumor cells, for example."

The method could also be a game-changer for biological analysis or tissue engineering applications where manipulating cells by touching them would cause damage or contamination. Fleury also sees 3D printing applications for wave momentum shaping, for example to arrange microscopic particles before solidifying them into an object.

Ultimately, the researchers believe their method could also work using light, but their next goal is to take their sound-based experiments from the macro- to micro-scale. They have already received SNSF funding to do experiments under a microscope, using ultrasonic waves to move cells around.
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Telltale greenhouse gases could signal alien activity | ScienceDaily
If aliens modified a planet in their solar system to make it warmer, we'd be able to tell. A new UC Riverside study identifies the artificial greenhouse gases that would be giveaways of a terraformed planet.


						
A terraformed planet has been artificially made hospitable for life. The gases described in the study would be detectable even at relatively low concentrations in the atmospheres of planets outside our solar system using existing technology. This could include the James Webb Space Telescope, or a future European-led space telescope concept.

And while such pollutant gases must be controlled on Earth to prevent harmful climate effects, there are reasons they might be used intentionally on an exoplanet.

"For us, these gases are bad because we don't want to increase warming. But they'd be good for a civilization that perhaps wanted to forestall an impending ice age or terraform an otherwise-uninhabitable planet in their system, as humans have proposed for Mars," said UCR astrobiologist and lead study author Edward Schwieterman.

Since these gases are not known to occur in significant quantities in nature, they must be manufactured. Finding them, therefore, would be a sign of intelligent, technology-using life forms. Such signs are called technosignatures.

The five gases proposed by the researchers are used on Earth in industrial applications such as making computer chips. They include fluorinated versions of methane, ethane, and propane, along with gases made of nitrogen and fluorine or sulfur and fluorine. A new Astrophysical Journal paper details their merits as terraforming gases.

One advantage is that they are incredibly effective greenhouse gases. Sulfur hexafluoride, for example, has 23,500 times the warming power of carbon dioxide. A relatively small amount could heat a freezing planet to the point where liquid water could persist on its surface.




Another advantage of the proposed gases -- at least from an alien point of view -- is that they are exceptionally long-lived and would persist in an Earth-like atmosphere for up to 50,000 years. "They wouldn't need to be replenished too often for a hospitable climate to be maintained," Schwieterman said.

Others have proposed refrigerant chemicals, like CFCs, as technosignature gases because they are almost exclusively artificial and visible in Earth's atmosphere. However, CFCs may not be advantageous because they destroy the ozone layer, unlike the fully fluorinated gases discussed in the new paper, which are chemically inert.

"If another civilization had an oxygen-rich atmosphere, they'd also have an ozone layer they'd want to protect," Schwieterman said. "CFCs would be broken apart in the ozone layer even as they catalyzed its destruction."

As they're more easily broken apart, CFCs are also short-lived, making them harder to detect.

Finally, the fluorinated gases have to absorb infrared radiation to have an impact on the climate. That absorption produces a corresponding infrared signature that could be detectable with space-based telescopes. With current or planned technology, scientists could detect these chemicals in certain nearby exoplanetary systems.

"With an atmosphere like Earth's, only one out of every million molecules could be one of these gases, and it would be potentially detectable," Schwieterman said. "That gas concentration would also be sufficient to modify the climate."

To arrive at this calculation, the researchers simulated a planet in the TRAPPIST-1 system, about 40 light-years away from Earth. They chose this system, which contains seven known rocky planets, because it is one of the most studied planetary systems aside from our own. It is also a realistic target for existing space-based telescopes to examine.




The group also considered the European LIFE mission's ability to detect the fluorinated gases. The LIFE mission would be able to directly image planets using infrared light, allowing it to target more exoplanets than the Webb telescope, which looks at planets as they pass in front of their stars.

This work was done in collaboration with Daniel Angerhausen at Swiss Federal Institute of Technology/PlanetS, and with researchers at NASA's Goddard Space Flight Center, the Blue Marble Space Institute of Science, and Paris University.

While the researchers cannot quantify the likelihood of finding these gases in the near future, they are confident that -- if they are present -- it is entirely possible to detect them during currently planned missions to characterize planetary atmospheres.

"You wouldn't need extra effort to look for these technosignatures, if your telescope is already characterizing the planet for other reasons," said Schwieterman. "And it would be jaw-droppingly amazing to find them."

Other members of the research team echo not only enthusiasm for the potential of finding signs of intelligent life, but also for how much closer current technology has brought us to that goal.

"Our thought experiment shows how powerful our next-generation telescopes will be. We are the first generation in history that has the technology to systematically look for life and intelligence in our galactic neighborhood," added Angerhausen.
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Robots face the future | ScienceDaily
Researchers have found a way to bind engineered skin tissue to the complex forms of humanoid robots. This brings with it potential benefits to robotic platforms such as increased mobility, self-healing abilities, embedded sensing capabilities and an increasingly lifelike appearance. Taking inspiration from human skin ligaments, the team, led by Professor Shoji Takeuchi of the University of Tokyo, included special perforations in a robot face, which helped a layer of skin take hold. Their research could be useful in the cosmetics industry and to help train plastic surgeons.


						
Takeuchi is a pioneer in the field of biohybrid robotics, where biology and mechanical engineering meet. So far, his lab, the Biohybrid Systems Laboratory, has created mini robots that walk using biological muscle tissue, 3D printed lab-grown meat, engineered skin that can heal, and more. It was during research on the last of these items that Takeuchi felt the need to take the idea of robotic skin further to improve its properties and capabilities.

"During previous research on a finger-shaped robot covered in engineered skin tissue we grew in our lab, I felt the need for better adhesion between the robotic features and the subcutaneous structure of the skin," said Takeuchi. "By mimicking human skin-ligament structures and by using specially made V-shaped perforations in solid materials, we found a way to bind skin to complex structures. The natural flexibility of the skin and the strong method of adhesion mean the skin can move with the mechanical components of the robot without tearing or peeling away."

Previous methods to attach skin tissue to solid surfaces involved things like mini anchors or hooks, but these limited the kinds of surfaces that could receive skin coatings and could cause damage during motion. By carefully engineering small perforations instead, essentially any shape of surface can have skin applied to it. The trick the team employed was to use a special collagen gel for adhesion, which is naturally viscous so difficult to feed into the minuscule perforations. But using a common technique for plastic adhesion called plasma treatment, they managed to coax the collagen into the fine structures of the perforations while also holding the skin close to the surface in question.

"Manipulating soft, wet biological tissues during the development process is much harder than people outside the field might think. For instance, if sterility is not maintained, bacteria can enter and the tissue will die," said Takeuchi. "However, now that we can do this, living skin can bring a range of new abilities to robots. Self-healing is a big deal -- some chemical-based materials can be made to heal themselves, but they require triggers such as heat, pressure or other signals, and they also do not proliferate like cells. Biological skin repairs minor lacerations as ours does, and nerves and other skin organs can be added for use in sensing and so on."

This research was not just made to prove a point, though. Takeuchi and his lab have a goal in mind for this application that could help in several areas of medical research. The idea of an organ-on-a-chip is not especially new, and finds use in things like drug development, but something like a face-on-a-chip could be useful in research into skin aging, cosmetics, surgical procedures, plastic surgery and more. Also, if sensors can be embedded, robots may be endowed with better environmental awareness and improved interactive capabilities.

"In this study, we managed to replicate human appearance to some extent by creating a face with the same surface material and structure as humans," said Takeuchi. "Additionally, through this research, we identified new challenges, such as the necessity for surface wrinkles and a thicker epidermis to achieve a more humanlike appearance. We believe that creating a thicker and more realistic skin can be achieved by incorporating sweat glands, sebaceous glands, pores, blood vessels, fat and nerves. Of course, movement is also a crucial factor, not just the material, so another important challenge is creating humanlike expressions by integrating sophisticated actuators, or muscles, inside the robot. Creating robots that can heal themselves, sense their environment more accurately and perform tasks with humanlike dexterity is incredibly motivating."
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First of its kind detection made in striking new Webb image | ScienceDaily
For the first time, a phenomenon astronomers have long hoped to directly image has been captured by NASA's James Webb Space Telescope's Near-Infrared Camera (NIRCam). In this stunning image of the Serpens Nebula, the discovery lies in the northern area (seen at the upper left) of this young, nearby star-forming region.


						
Astronomers found an intriguing group of protostellar outflows, formed when jets of gas spewing from newborn stars collide with nearby gas and dust at high speeds. Typically these objects have varied orientations within one region. Here, however, they are slanted in the same direction, to the same degree, like sleet pouring down during a storm.

The discovery of these aligned objects, made possible due to Webb's exquisite spatial resolution and sensitivity in near-infrared wavelengths, is providing information into the fundamentals of how stars are born.

"Astronomers have long assumed that as clouds collapse to form stars, the stars will tend to spin in the same direction," said principal investigator Klaus Pontoppidan, of NASA's Jet Propulsion Laboratory in Pasadena, California. "However, this has not been seen so directly before. These aligned, elongated structures are a historical record of the fundamental way that stars are born."

So just how does the alignment of the stellar jets relate to the rotation of the star? As an interstellar gas cloud crashes in on itself to form a star, it spins more rapidly. The only way for the gas to continue moving inward is for some of the spin (known as angular momentum) to be removed. A disk of material forms around the young star to transport material down, like a whirlpool around a drain. The swirling magnetic fields in the inner disk launch some of the material into twin jets that shoot outward in opposite directions, perpendicular to the disk of material.

In the Webb image, these jets are signified by bright clumpy streaks that appear red, which are shockwaves from the jet hitting surrounding gas and dust. Here, the red color represents the presence of molecular hydrogen and carbon monoxide.

"This area of the Serpens Nebula -- Serpens North -- only comes into clear view with Webb," said lead author Joel Green of the Space Telescope Science Institute in Baltimore. "We're now able to catch these extremely young stars and their outflows, some of which previously appeared as just blobs or were completely invisible in optical wavelengths because of the thick dust surrounding them."

Astronomers say there are a few forces that potentially can shift the direction of the outflows during this period of a young star's life. One way is when binary stars spin around each other and wobble in orientation, twisting the direction of the outflows over time.




Stars of the Serpens

The Serpens Nebula, located 1,300 light-years from Earth, is only one or two million years old, which is very young in cosmic terms. It's also home to a particularly dense cluster of newly forming stars (~100,000 years old), seen at the center of this image. Some of these stars will eventually grow to the mass of our Sun.

"Webb is a young stellar object-finding machine," Green said. "In this field, we pick up sign posts of every single young star, down to the lowest mass stars."

"It's a very complete picture we're seeing now," added Pontoppidan.

So, throughout the region in this image, filaments and wisps of different hues represent reflected starlight from still-forming protostars within the cloud. In some areas, there is dust in front of that reflection, which appears here with an orange, diffuse shade.

This region has been home to other coincidental discoveries, including the flapping "Bat Shadow," which earned its name when 2020 data from NASA's Hubble Space Telescope revealed a star's planet-forming disk to flap, or shift. This feature is visible at the center of the Webb image.




Future Studies

The new image, and serendipitous discovery of the aligned objects, is actually just the first step in this scientific program. The team will now use Webb's NIRSpec (Near-Infrared Spectrograph) to investigate the chemical make-up of the cloud.

The astronomers are interested in determining how volatile chemicals survive star and planet formation. Volatiles are compounds that sublimate, or transition from a solid directly to a gas, at a relatively low temperature -- including water and carbon monoxide. They'll then compare their findings to amounts found in protoplanetary disks of similar-type stars.

"At the most basic form, we are all made of matter that came from these volatiles. The majority of water here on Earth originated when the Sun was an infant protostar billions of years ago," Pontoppidan said. "Looking at the abundance of these critical compounds in protostars just before their protoplanetary disks have formed could help us understand how unique the circumstances were when our own solar system formed."

These observations were taken as part of General Observer program 1611. The team's initial results have been accepted in the Astrophysical Journal.

The James Webb Space Telescope is the world's premier space science observatory. Webb is solving mysteries in our solar system, looking beyond to distant worlds around other stars, and probing the mysterious structures and origins of our universe and our place in it. Webb is an international program led by NASA with its partners, ESA (European Space Agency) and CSA (Canadian Space Agency).
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Meet CARMEN, a robot that helps people with mild cognitive impairment | ScienceDaily
Meet CARMEN, short for Cognitively Assistive Robot for Motivation and Neurorehabilitation-a small, tabletop robot designed to help people with mild cognitive impairment (MCI) learn skills to improve memory, attention, and executive functioning at home.


						
Unlike other robots in this space, CARMEN was developed by the research team at the University of California San Diego in collaboration with clinicians, people with MCI, and their care partners. To the best of the researchers' knowledge, CARMEN is also the only robot that teaches compensatory cognitive strategies to help improve memory and executive function.

"We wanted to make sure we were providing meaningful and practical inventions," said Laurel Riek, a professor of computer science and emergency medicine at UC San Diego and the work's senior author.

MCI is an in-between stage between typical aging and dementia. It affects various areas of cognitive functioning, including memory, attention, and executive functioning. About 20% of individuals over 65 have the condition, with up to 15% transitioning to dementia each year. Existing pharmacological treatments have not been able to slow or prevent this evolution, but behavioral treatments can help.

Researchers programmed CARMEN to deliver a series of simple cognitive training exercises. For example, the robot can teach participants to create routine places to leave important objects, such as keys; or learn note taking strategies to remember important things. CARMEN does this through interactive games and activities.

The research team designed CARMEN with a clear set of criteria in mind. It is important that people can use the robot independently, without clinician or researcher supervision. For this reason, CARMEN had to be plug and play, without many moving parts that require maintenance. The robot also has to be able to function with limited access to the internet, as many people do not have access to reliable connectivity. CARMEN needs to be able to function over a long period of time. The robot also has to be able to communicate clearly with users; express compassion and empathy for a person's situation; and provide breaks after challenging tasks to help sustain engagement.

Researchers deployed CARMEN for a week in the homes of several people with MCI, who then engaged in multiple tasks with the robot, such as identifying routine places to leave household items so they don't get lost, and placing tasks on a calendar so they won't be forgotten. Researchers also deployed the robot in the homes of several clinicians with experience working with people with MCI. Both groups of participants completed questionnaires and interviews before and after the week-long deployments.




After the week with CARMEN, participants with MCI reported trying strategies and behaviors that they previously had written off as impossible. All participants reported that using the robot was easy. Two out of the three participants found the activities easy to understand, but one of the users struggled. All said they wanted more interaction with the robot.

"We found that CARMEN gave participants confidence to use cognitive strategies in their everyday life, and participants saw opportunities for CARMEN to exhibit greater levels of autonomy or be used for other applications," the researchers write.

The research team presented their findings at the ACM/IEEE Human Robot Interaction (HRI) conference in March 2024, where they received a best paper award nomination.

Next steps

Next steps include deploying the robot in a larger number of homes.

Researchers also plan to give CARMEN the ability to have conversations with users, with an emphasis on preserving privacy when these conversations happen. This is both an accessibility issue (as some users might not have the fine motor skills necessary to interact with CARMEN's touch screen), as well as because most people expect to be able to have conversations with systems in their homes. At the same time, researchers want to limit how much information CARMEN can give users. "We want to be mindful that the user still needs to do the bulk of the work, so the robot can only assist and not give too many hints," Riek said.

Researchers are also exploring how CARMEN could assist users with other conditions, such as ADHD.

The UC San Diego team built CARMEN based on the FLEXI robot from the University of Washington. But they made substantial changes to its hardware, and wrote all its software from scratch. Researchers used ROS for the robot's operating system.

Many elements of the project are available at https://github.com/UCSD-RHC-Lab/CARMEN
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Geologists expect Chang'e-6 lunar surface samples to contain volcanic rock and impact ejecta | ScienceDaily
On June 25, China's Chang'e-6 (CE-6) lunar probe is set to return to Earth, carrying the first surface samples collected from the farside of the Moon. In anticipation of this historic event, scientists from the Institute of Geology and Geophysics at the Chinese Academy of Sciences are publishing their predictions for the unique materials that may be found in the CE-6 samples in the journal The Innovation.


						
Based on the geological characteristics of the probe's landing site, the researchers anticipate that the returned surface samples will consist of 2.5-million-year-old volcanic rock combined with small amounts of material generated by nearby meteorite strikes. There is also the possibility that evidence of distant impacts will be found in the samples.

"There are significant differences between the farside and the nearside of the Moon in terms of lunar crustal thickness, volcanic activity, composition, etc., especially considering that CE-6 landed on the South Polar-Aitkin (SPA) basin, the special terrane of the Moon," says first author Zongyu Yue, a geologist at the Chinese Academy of Sciences. "The CE-6 samples, being the first obtained from the farside of the Moon, are expected to answer one of the most fundamental scientific questions in lunar science research: what geologic activity is responsible for the differences between the two sides?"

Nearly 3 weeks ago, on June 2, CE-6 landed in the Apollo Crater, located at the edge of the largest depression on the Moon known as the SPA basin. The probe used core drilling and surface scooping to collect rocks and minerals that are likely to contain traces of early meteorite impacts. The data will reveal how far ejecta from early collisions spread across the Moon and whether there are any differences compared to what's been recorded on the asymmetrical nearside.

"My greatest hope is that the CE-6 samples contain some impact melts (fragments generated when smaller bodies crashing into the Moon) from the Apollo Crater and the SPA basin, which can provide crucial constraints on the early impact flux of the Moon," says Yue. "Once this information is obtained, it will not only help clarify the role of early lunar meteorite impacts on the Moon's evolution, but also be of great significance in analyzing the early impact history of the inner solar system."

With 10 successful lunar sample return missions conducted on the nearside of the Moon, the CE-6 lunar probe samples represent the first collected from the farside of the Moon. Researchers expect their analysis in the coming months and years to contribute to a more comprehensive understanding of lunar evolution.

The study was supported by the National Key Research and Development Program of China, the Chinese Academy of Sciences, and Key Research Programs of IGGCAS.
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A hidden treasure in the Milky Way -- Astronomers uncover ultrabright x-ray source | ScienceDaily
X-ray binaries are intriguing systems consisting of two celestial bodies: a normal star and a compact, dead object such as a black hole or a neutron star that sucks material from its stellar companion. A few hundred such sources have been identified thus far in our Galaxy. When it comes to the most powerful phenomena in the Universe, the release of gravitational energy in X-ray binary systems stands out as a highly efficient process.


						
Among the first X-ray binary systems discovered in the cosmos is the system Cygnus X-3. Since the early 1970s, this binary system was noted for its ability to briefly emerge as one of the most intense radio sources, yet in a few days it dims or vanishes altogether. This peculiar characteristic spurred early efforts, coordinated by telephone calls, to unite astronomical observations across the globe. The unique behavior of the system during these short-lived, highly energetic events, contrasting its otherwise "normal" nature, led to it being dubbed the "astronomical puzzle Cygnus X-3" by R.M. Hjellming in 1973. Numerous efforts have been aimed at understanding its nature ever since.

The breakthrough in unravelling this puzzle has been achieved thanks to the study of this system with the satellite Imaging X-ray Polarimetry Explorer (IXPE) that was launched by NASA in December 2021. According to Alexandra Veledina, an Academy Research Fellow at the University of Turku in Finland and the lead author of the study, the use of X-ray polarized vision has provided insights into the configuration of matter surrounding the compact object in the nearest proximity to the black hole.

"We have discovered that the compact object is surrounded by an envelope of a dense, opaque matter. The light that we observe is a reflection off the inner funnel walls formed by the surrounding gas, resembling a cup with a mirror interior," Veledina explains.

This revelation has led to the identification of Cygnus X-3 as a member of the class of ultra-luminous X-ray sources (ULXs), which consume matter at such a gargantuan rate that a considerable fraction of the infalling material does not fit inside the event horizon, but rather is being spat away from the system.

"ULXs are typically observed as luminous spots in the images of distant galaxies, with their emissions amplified by the focusing effects of the compact object's surrounding funnel, acting akin to a megaphone," elaborates Juri Poutanen, Professor at the Department of Physics and Astronomy of the University of Turku and a co-author of the research.

"However, due to the vast distances to these sources, thousands of times beyond the span of the Milky Way, they appear relatively faint to X-ray telescopes. Our discovery has now unveiled a bright counterpart of these distant ULXs residing within our own Galaxy."

This significant finding marks a new chapter in the investigation of this extraordinary cosmic source, offering an opportunity for in-depth exploration of extreme matter consumption.
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Star clusters observed within a galaxy in the early Universe | ScienceDaily
The history of how stars and galaxies came to be and evolved into the present day remains among the most challenging astrophysical questions to solve yet, but new research brings us closer to understanding it.


						
In a new study by an international team led by Dr. Angela Adamo at Stockholm University, new insights about young galaxies during the Epoch of Reionization have been revealed. Observations with the James Webb Space Telescope (JWST) of the galaxy Cosmic Gems arc (SPT0615-JD) have confirmed that the light of the galaxy was emitted 460 million years after the big bang. What makes this galaxy unique is that it is magnified through an effect called gravitational lensing, which has not been observed in other galaxies formed during that age. The magnification of the Cosmic Gems arc has allowed the team to study the smaller structures inside an infant galaxy for the first time. The authors found that the Cosmic Gems arc harbors five young massive star clusters in which stars are formed. "The surprise and astonishment was incredible when we opened the JWST images for the first time" says Adamo.

The mystery of the early Universe

The Epoch of Reionization (EoR) is a crucial time during the evolution of the Universe, which occurred within the first billion years after the Big Bang. During this period, the Universe went through an important transition. In its early days it was filled with neutral Hydrogen gas, but this changed during the EoR. The matter of the Universe went from its neutral form to being fully ionized; the atoms were stripped from their electrons. The earliest galaxies of the Universe are believed to have driven this transformation.

In order to study the earliest galaxies one has to look far away in space. Light travels at a finite speed. By observing objects at far distances we can "look back in time" as we see the state of the object at the time when the light was emitted from it. However, it is difficult to observe small details of an object at large enough distances to study the early Universe. One method to observe finer details in a galaxy at a great distance is through the use of gravitational lensing. Gravitational lensing occurs when a celestial body of high mass curves the path of light around it due to its strong gravity. When the light emitted from a source passes through the gravitational lens it is distorted similar to the effect of a magnifying glass. In this way, astronomers can observe small details in objects far away.

Galaxies slowly build their stellar population through a process referred to as star formation. In local galaxies we see that a large fraction of stars form in star clusters. Star clusters are groups of stars held together by gravitational forces. Star clusters can have varying sizes, where some only contain a small amount of stars to others that can contain millions. Globular clusters are very old star clusters where stars have previously been formed, but not anymore. How and where the globular clusters were formed has been a long-standing mystery.

New insights into the formation of the first stars and galaxies

In a new study published in the scientific journal Nature, the team of astronomers present the discovery of star clusters in a galaxy whose light has passed through a gravitational lens on its way towards the Earth. "This achievement could only be possible thanks to JWST unmatched capabilities," says Dr. Adelaide Claeyssens of Stockholm University and co-author of the publication. The galaxy SPT0615-JD, also known as the Cosmic Gems Arc, is located in the distant Universe. The light that has reached the Earth in the present day was emitted from this galaxy only 460 million years after the Big Bang. By studying this object, the astronomers look back 97% of the cosmic time.




"Due to the gravitational lensing, the Cosmic Gems Arc could be resolved down to small enough scales to study the objects within it," adds Claeyssens. The team used the instrument Near Infrared Camera (NIRCam) onboard the JWST for their observations. The NIRCam is an instrument built to take high-resolution images in the near-infrared part of the light spectrum, in which the earliest stars and galaxies can be detected. Using the high resolution of the JWST NIRCam, the resulting observations showed a chain of bright dots mirrored from one side to the other. It was discovered that these dots were five young massive star clusters.

Through analysis of the light spectra emitted by the galaxy, it could be determined that the stellar clusters are gravitationally bound and have a three-times larger stellar density than typical young star clusters in the local Universe. It was also found that the clusters were formed recently, within 50 million years. They are very massive, although much smaller than globular clusters. "It was incredible to see the JWST images of the Cosmic Gems arc and realize that we were looking at star clusters in such a young galaxy. We observe globular clusters around local galaxies, but we don't know when and where they formed. The Cosmic Gems arc observations have opened a unique window for us into the works of infant galaxies as well as showing us where globular clusters formed" says Adamo. "These clusters will have enough time to relax and become globular clusters, due to them being formed at such a young age of the Universe," she adds.

Understanding the early Universe

Through studies of star clusters in young galaxies born shortly after the Big Bang, further understanding of how and where globular clusters are formed can be achieved. Since young galaxies are believed to drive the reionization during the EoR, it is crucial to study them in depth in order to gain knowledge about the early Universe. Using the discoveries made by the authors of this study, more information is added to our understanding about how the stars in the earliest galaxies were born, and where and how globular clusters are formed.

Looking onwards

In the future, the group is planning to build a larger sample of similar galaxies. "We have one galaxy so far, but we need many more if we want to create demographics of the cluster populations forming in the earliest galaxies." says Adamo. The team also has an approved program for the next cycle of JWST observations, where they will study the Cosmic Gems Arc galaxy and the recently discovered star clusters in further detail. "Spectroscopic observations will allow us to spatially map the star formation rate and ionizing photon production efficiency along the galaxy" adds Dr. Larry Bradley, principal investigator of the JWST program and the second author of this article.
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Innovative 3D printing method streamlines multi-materials manufacturing | ScienceDaily
University of Missouri researchers have developed a way to create complex devices with multiple materials -- including plastics, metals and semiconductors -- all with a single machine.


						
The research, which was recently published in Nature Communications, outlines a novel 3D printing and laser process to manufacture multi-material, multi-layered sensors, circuit boards and even textiles with electronic components.

It's called the Freeform Multi-material Assembly Process, and it promises to revolutionize the fabrication of new products.

By printing sensors embedded within a structure, the machine can make things that can sense environmental conditions, including temperature and pressure. For other researchers, that could mean having a natural-looking object such as a rock or seashell that could measure the movement of ocean water. For the public, applications could include wearable devices that monitor blood pressure and other vital signs.

Specifically, other techniques fall short when it comes to how versatile the material can be and how precisely smaller components can be placed inside larger 3D structures.

The Mizzou team's method uses special techniques to solve these problems. Team members built a machine that has three different nozzles: one adds ink-like material, another uses a laser to carve shapes and materials, and the third adds additional functional materials to enhance the product's capabilities. It starts by making a basic structure with regular 3D printing filament, such as polycarbonate, a type of transparent thermoplastic. Then, it switches to laser to convert some parts into a special material called laser-induced graphene, putting it exactly where it's needed. Finally, more materials are added to enhance the functional abilities of the final product.

This work is being funded by the National Science Foundation (NSF) Advanced Manufacturing program, and the NSF I-CorpsTM program is providing funds to explore commercialization.




"The I-Corps program is helping us identify market interests and needs," Lin said. "Currently, we believe it would be of interest to other researchers, but we believe it will ultimately benefit businesses. It will shorten fabrication time for device prototyping by allowing companies to make prototypes in house. This technology, available only at Mizzou, shows great promise for transforming the way products are fabricated and manufactured."

"This is the first time this type of process has been used, and it's unlocking new possibilities," said Bujingda Zheng, a doctoral student in mechanical engineering at Mizzou and the lead author of the study. "I'm excited about the design. I've always wanted to do something that no one has ever done before, and I'm getting to do that here at Mizzou."

One of the main benefits is that innovators can focus on designing new products without worrying about how to prototype them.

"This opens the possibility for entirely new markets," said Jian "Javen" Lin, an associate professor of mechanical and aerospace engineering at Mizzou. "It will have broad impacts on wearable sensors, customizable robots, medical devices and more."

Revolutionary techniques

Currently, manufacturing a multi-layered structure -- such as a printed circuit board -- can be a cumbersome process that involves multiple steps and materials. These processes are costly, time consuming, and can generate waste that harms the environment.

Not only is the new technique better for the planet, it's inspired by systems found in nature.

"Everything in nature consists of structural and functional materials," Zheng said. "For example, electrical eels have bones and muscles that enable them to move. They also have specialized cells that can discharge up to 500 volts to deter predators. These biological observations have inspired researchers to develop new methods for fabricating 3D structures with multi-functional applications, but other emerging methods have limitations."
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Study challenges popular idea that Easter islanders committed 'ecocide' | ScienceDaily
Some 1,000 years ago, a small band of Polynesians sailed thousands of miles across the Pacific to settle one of the world's most isolated places -- a small, previously uninhabited island they named Rapa Nui. There, they erected hundreds of "moai," or gigantic stone statues that now famously stand as emblems of a vanished civilization. Eventually, their numbers ballooned to unsustainable levels; they chopped down all the trees, killed off the seabirds, exhausted the soils and in the end, ruined their environment. Their population and civilization collapsed, with just a few thousand people remaining when Europeans found the island in 1722 and called it Easter Island. At least that is the longtime story, told in academic studies and popular books like Jared Diamond's 2005 "Collapse."


						
A new study challenges this narrative of ecocide, saying that Rapa Nui's population never spiraled to unsustainable levels. Instead, the settlers found ways to cope with the island's severe limits, and maintained a small, stable population for centuries. The evidence: a newly sophisticated inventory of ingenious "rock gardens" where the islanders raised highly nutritious sweet potatoes, a staple of their diet. The gardens covered only enough area to support a few thousand people, say the researchers. The study was just published in the journal Science Advances.

"This shows that the population could never have been as big as some of the previous estimates," said lead author Dylan Davis, a postdoctoral researcher in archaeology at the Columbia Climate School. "The lesson is the opposite of the collapse theory. People were able to be very resilient in the face of limited resources by modifying the environment in a way that helped."

Easter Island is arguably the remotest inhabited spot on Earth, and one of the last to be settled by humans, if not the last. The nearest continental landmass is central Chile, nearly 2,200 miles to the east. Some 3,200 miles to the west lie the tropical Cook Islands, where settlers are thought to have sailed from around 1200 CE.

The 63-square-mile island is made entirely of volcanic rock, but unlike lush tropical islands such as Hawaii and Tahiti, eruptions ceased hundreds of thousands of years ago, and mineral nutrients brought up by lava have long since eroded from soils. Located in the subtropics, the island is also dryer than its tropical brethren. To make things more challenging, surrounding ocean waters drop off steeply, meaning islanders had to work harder to harvest marine creatures than those living on Polynesian islands ringed with accessible and productive lagoons and reefs.

To cope, the settlers used a technique called rock gardening, or lithic mulching. This consists of scattering rocks over low-lying surfaces that are at least partly protected from salt spray and wind. In the interstices between rocks, they planted sweet potatoes. Research has shown that rocks from golf ball-size to boulders disrupt drying winds and create turbulent airflow, reducing the highest daytime surface temperatures and increasing the lowest nighttime ones. Smaller bits, broken up by hand, expose fresh surfaces laden with mineral nutrients that get released into the soil as they weather. Some islanders still use the gardens, but even with all this labor, their productivity is marginal. The technique has also been used by indigenous people in New Zealand, the Canary Islands and the U.S. Southwest, among other places.

Some scientists have argued that the island's population had to have once been much larger than the 3,000 or so residents first observed by Europeans in part because of the massive moai; it would have taken hordes of people to construct them, the reasoning goes. Thus in recent years, researchers have tried estimating these populations in part by investigating the rock gardens' extent and production capacity. Early Europeans estimated they covered 10% of the island. A 2013 study based on visual and near-infrared satellite imagery came up with 2.5% to 12.5% -- a wide margin of error because these spectra distinguish only areas of rock versus vegetation, not all of which are gardens. Another study in 2017 identified about some 7,700 acres, or 19% of the island, as suitable for sweet potatoes. Making various assumptions about crop yields and other factors, studies have estimated past populations might have risen as high as 17,500, or even 25,000, though they also could have been much lower.




In the new study, members of the research team did on-the-ground surveys of rock gardens and their characteristics over a five-year period. Using this data, they then trained a series of machine-learning models to detect gardens through satellite imagery tuned to newly available shortwave infrared spectra, which highlights not just rocks, but places of higher soil moisture and nitrogen, which are key features of gardens.

The researchers concluded that rock gardens occupy only about 188 acres -- less than one half a percent of the island. They say they might have missed some small ones, but not enough to make a big difference. Making a series of assumptions, they say that if the entire diet were based on sweet potatoes, these gardens may have supported about 2,000 people. However, based on isotopes found in bones and teeth and other evidence, people in the past probably managed to get 35% to 45% of their diet from marine sources, and a small amount from other less nutritious crops including bananas, taro and sugar cane. Factoring in these sources would have raised the population carrying capacity to about 3,000 -- the number observed upon European contact.

"There are natural rock outcrops all over the place that had been misidentified as rock gardens in the past. The short-wave imagery gives a different picture," said Davis.

Carl Lipo, an archaeologist at Binghamton University and coauthor of the study, said that the population boom-and-bust idea is "still percolating in the public mind" and in fields including ecology, but archaeologists are quietly retreating from it. Accumulating evidence based on radiocarbon dating of artifacts and human remains does not support the idea of huge populations, he said. "People's lifestyle must have been incredibly laborious," he said. "Think about sitting around breaking up rocks all day."

The island's population is now nearly 8,000 (plus about 100,000 tourists a year). Most food is now imported, but some residents still grow sweet potatoes in the ancient gardens -- a practice that grew during the 2020-2021 lockdowns of the Covid pandemic, when imports were restricted. Some also turned to mainland farming techniques, plowing soils and applying artificial fertilizer. But this is not likely to be sustainable, said Lipo, as it will further deplete the thin soil cover.

Seth Quintus, an anthropologist at the University of Hawaii who was not involved in the study, said he sees the island as "a good case study in human behavioral adaptation in the face of a dynamic environment." The new study and others like it "provide an opportunity to better document the nature and extent of strategies of adaptation," he said. "Surviving in the more arid subtropics on the more isolated and geologically old Rapa Nui was a heck of a challenge."

The study was also coauthored by Robert DiNapoli of Binghamton University; Gina Pakarati, an independent researcher on Rapa Nui; and Terry Hunt of the University of Arizona.
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Prying open the AI black box | ScienceDaily
Artificial intelligence continues to squirm its way into many aspects of our lives. But what about biology, the study of life itself? AI can sift through hundreds of thousands of genome data points to identify potential new therapeutic targets. While these genomic insights may appear helpful, scientists aren't sure how today's AI models come to their conclusions in the first place. Now, a new system named SQUID arrives on the scene armed to pry open AI's black box of murky internal logic.


						
SQUID, short for Surrogate Quantitative Interpretability for Deepnets, is a computational tool created by Cold Spring Harbor Laboratory (CSHL) scientists. It's designed to help interpret how AI models analyze the genome. Compared with other analysis tools, SQUID is more consistent, reduces background noise, and can lead to more accurate predictions about the effects of genetic mutations.

How does it work so much better? The key, CSHL Assistant Professor Peter Koo says, lies in SQUID's specialized training.

"The tools that people use to try to understand these models have been largely coming from other fields like computer vision or natural language processing. While they can be useful, they're not optimal for genomics. What we did with SQUID was leverage decades of quantitative genetics knowledge to help us understand what these deep neural networks are learning," explains Koo.

SQUID works by first generating a library of over 100,000 variant DNA sequences. It then analyzes the library of mutations and their effects using a program called MAVE-NN (Multiplex Assays of Variant Effects Neural Network). This tool allows scientists to perform thousands of virtual experiments simultaneously. In effect, they can "fish out" the algorithms behind a given AI's most accurate predictions. Their computational "catch" could set the stage for experiments that are more grounded in reality.

"In silico [virtual] experiments are no replacement for actual laboratory experiments. Nevertheless, they can be very informative. They can help scientists form hypotheses for how a particular region of the genome works or how a mutation might have a clinically relevant effect," explains CSHL Associate Professor Justin Kinney, a co-author of the study.

There are tons of AI models in the sea. More enter the waters each day. Koo, Kinney, and colleagues hope that SQUID will help scientists grab hold of those that best meet their specialized needs.

Though mapped, the human genome remains an incredibly challenging terrain. SQUID could help biologists navigate the field more effectively, bringing them closer to their findings' true medical implications.
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New study finds dinosaur fossils did not inspire the mythological griffin | ScienceDaily
A popular and widely-promoted claim that dinosaur fossils inspired the legend of the griffin, the mythological creature with a raptorial bird head and wings on a lion body, has been challenged in a new study.


						
The specific link between dinosaur fossils and griffin mythology was proposed over 30 years ago in a series of papers and books written by folklorist Adrienne Mayor. These started with the 1989 Cryptozoology paper entitled 'Paleocryptozoology: a call for collaboration between classicists and cryptozoologists', and was cemented in the seminal 2000 book 'The First Fossil Hunters. The idea became a staple of books, documentaries and museum exhibits.

It suggests that an early horned dinosaur of Mongolia and China, Protoceratops, was discovered by ancient nomads prospecting for gold in Central Asia. Tales of Protoceratops bones then travelled southwest on trade routes to inspire, or at least influence, stories and art of the griffin.

Griffins are some of the oldest mythological creatures, first appearing in Egyptian and Middle Eastern art during the 4th millennium BC, before becoming popular in ancient Greece during the 8th century BC.

Protoceratops was a small (around 2 metres long) dinosaur that lived in Mongolia and northern China during the Cretaceous period (75-71 million years ago). They belong to the horned dinosaur group, making it a relative of Triceratops, although they actually lack facial horns. Like griffins, Protoceratops stood on four legs, had beaks, and had frill-like extensions of their skulls that, it's been argued, could be interpreted as wings.

In the first detailed assessment of the claims, study authors Dr Mark Witton and Richard Hing, palaeontologists at the University of Portsmouth, re-evaluated historical fossil records, the distribution and nature of Protoceratops fossils, and classical sources linking the griffin with the Protoceratops, consulting with historians and archeologists to fully understand the conventional, non-fossil based view of griffin origins. Ultimately, they found that none of the arguments withstood scrutiny.

Ideas that Protoceratops would be discovered by nomads prospecting for gold, for instance, are unlikely when Protoceratops fossils occur hundreds of kilometres away from ancient gold sites. In the century since Protoceratops was discovered, no gold has been reported alongside them. It also seems doubtful that nomads would have seen much of Protoceratops skeletons, even if they prospected for gold where their fossils occur.




"There is an assumption that dinosaur skeletons are discovered half-exposed, lying around almost like the remains of recently-deceased animals," said Dr Witton. "But generally speaking, just a fraction of an eroding dinosaur skeleton will be visible to the naked eye, unnoticed to all except for sharp-eyed fossil hunters.

"That's almost certainly how ancient peoples wandering around Mongolia encountered Protoceratops. If they wanted to see more, as they'd need to if they were forming myths about these animals, they'd have to extract the fossil from the surrounding rock. That is no small task, even with modern tools, glues, protective wrapping and preparatory techniques. It seems more probable that Protoceratops remains, by and large, went unnoticed -- if the gold prospectors were even there to see them."

Similarly, the geographic spread of griffin art through history does not align with the scenario of griffin lore beginning with Central Asian fossils and then spreading west. There are also no unambiguous references to Protoceratops fossils in ancient literature.

Protoceratops is only griffin-like in being a four-limbed animal with a beak. There are no details in griffin art suggesting that their fossils were referenced but, conversely, many griffins were clearly composed from features of living cats and birds.

Dr Witton added: "Everything about griffin origins is consistent with their traditional interpretation as imaginary beasts, just as their appearance is entirely explained by them being chimaras of big cats and raptorial birds. Invoking a role for dinosaurs in griffin lore, especially species from distant lands like Protoceratops, not only introduces unnecessary complexity and inconsistencies to their origins, but also relies on interpretations and proposals that don't withstand scrutiny."

The authors are keen to stress that there is excellent evidence of fossils being culturally important throughout human history, and innumerable instances of fossils inspiring folklore around the world, referred to as 'geomyths'.

Richard Hing said: "It is important to distinguish between fossil folklore with a factual basis -- that is, connections between fossils and myth evidenced by archaeological discoveries or compelling references in literature and artwork -- and speculated connections based on intuition.

"There is nothing inherently wrong with the idea that ancient peoples found dinosaur bones and incorporated them into their mythology, but we need to root such proposals in realities of history, geography and palaeontology. Otherwise, they are just speculation."

Dr Witton added: "Not all mythological creatures demand explanations through fossils. Some of the most popular geomyths -- Protoceratops and griffins, fossil elephants and cyclopes, and dragons and dinosaurs -- have no evidential basis and are entirely speculative. We promote these stories because they're exciting and seem intuitively plausible, but doing so ignores our growing knowledge of fossil geomyths grounded in fact and evidence. These are just as interesting as their conjectural counterparts, and probably deserve more attention than entirely speculated geomythological scenarios."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2024/06/240620194018.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Iron meteorites hint that our infant solar system was more doughnut than dartboard | ScienceDaily
Four and a half billion years ago, our solar system was a cloud of gas and dust swirling around the sun, until gas began to condense and accrete along with dust to form asteroids and planets. What did this cosmic nursery, known as a protoplanetary disk, look like, and how was it structured? Astronomers can use telescopes to "see" protoplanetary disks far away from our much more mature solar system, but it is impossible to observe what ours might have looked like in its infancy -- only an alien billions of light years away would be able to see it as it once was.


						
Fortunately, space has dropped a few clues -- fragments of objects that formed early in solar system history and plunged through Earth's atmosphere, called meteorites. The composition of meteorites tells stories of the solar system's birth, but these stories often raise more questions than answers.

In a paper published in Proceedings of the National Academy of Sciences, a team of planetary scientists from UCLA and Johns Hopkins University Applied Physics Laboratory reports that refractory metals, which condense at high temperatures, such as iridium and platinum, were more abundant in meteorites formed in the outer disk, which was cold and far away from the sun. These metals should have formed close to the sun, where the temperature was much higher. Was there a pathway that moved these metals from the inner disk to the outer?

Most meteorites formed within the first few million years of solar system history. Some meteorites, called chondrites, are unmelted conglomerations of grains and dust left over from planet formation. Other meteorites experienced enough heat to melt while their parent asteroids were forming. When these asteroids melted, the silicate part and the metallic part separated due to their difference in density, similar to how water and oil don't mix.

Today, most asteroids are located in a thick belt between Mars and Jupiter. Scientists think that Jupiter's gravity disrupted the course of these asteroids, causing many of them to smash into each other and break apart. When pieces of these asteroids fall to Earth and are recovered, they are called meteorites.

Iron meteorites are from the metallic cores of the earliest asteroids, older than any other rocks or celestial objects in our solar system. The irons contain molybdenum isotopes that point toward many different locations across the protoplanetary disk in which these meteorites formed. That allows scientists to learn what the chemical composition of the disk was like in its infancy.

Previous research using the Atacama Large Millimeter/submillimeter Array in Chile has found many disks around other stars that resemble concentric rings, like a dartboard. The rings of these planetary disks, such as HL Tau, are separated by physical gaps, so this kind of disk could not provide a route to transport these refractory metals from the inner disk to the outer.




The new paper holds that our solar disk likely didn't have a ring structure at the very beginning. Instead, our planetary disk looked more like a doughnut, and asteroids with metal grains rich in iridium and platinum metals migrated to the outer disk as it rapidly expanded.

But that confronted the researchers with another puzzle. After the disk expansion, gravity should have pulled these metals back into the sun. But that did not happen.

"Once Jupiter formed, it very likely opened a physical gap that trapped the iridium and platinum metals in the outer disk and prevented them from falling into the sun," said first author Bidong Zhang, a UCLA planetary scientist. "These metals were later incorporated into asteroids that formed in the outer disk. This explains why meteorites formed in the outer disk -- carbonaceous chondrites and carbonaceous-type iron meteorites -- have much higher iridium and platinum contents than their inner-disk peers."

Zhang and his collaborators previously used iron meteorites to reconstruct how water was distributed in the protoplanetary disk.

"Iron meteorites are hidden gems. The more we learn about iron meteorites, the more they unravel the mystery of our solar system's birth," Zhang said.
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Supermassive black hole appears to grow like a baby star | ScienceDaily
Supermassive black holes pose unanswered questions for astronomers around the world, not least "How do they grow so big?" Now, an international team of astronomers, including researchers from Chalmers University of Technology in Sweden, has discovered a powerful rotating, magnetic wind that they believe is helping a galaxy's central supermassive black hole to grow. The swirling wind, revealed with the help of the ALMA telescope in nearby galaxy ESO320-G030, suggests that similar processes are involved both in black hole growth and the birth of stars.


						
Most galaxies, including our own Milky Way have a supermassive black hole at their centre. How these mind-bogglingly massive objects grow to weigh as much as millions or billions of stars is a long-standing question for astronomers.

In search of clues to this mystery, a team of scientists led by Mark Gorski (Northwestern University and Chalmers) and Susanne Aalto (Chalmers) chose to study the relatively nearby galaxy ESO320-G030, only 120 million light years distant. It's a very active galaxy, forming stars ten times as fast as in our own galaxy.

"Since this galaxy is very luminous in the infrared, telescopes can resolve striking details in its centre. We wanted to measure light from molecules carried by winds from the galaxy's core, hoping to trace how the winds are launched by a growing, or soon to be growing, supermassive black hole. By using ALMA, we were able to study light from behind thick layers of dust and gas," says Susanne Aalto, Professor of Radio Astronomy at Chalmers University of Technology.

To zero in on dense gas from as close as possible to the central black hole, the scientists studied light from molecules of hydrogen cyanide (HCN). Thanks to ALMA's ability to image fine details and trace movements in the gas -- using the Doppler effect -- they discovered patterns that suggest the presence of a magnetised, rotating wind.

While other winds and jets in the centre of galaxies push material away from the supermassive black hole, the newly discovered wind adds another process, that can instead feed the black hole and help it grow.

"We can see how the winds form a spiralling structure, billowing out from the galaxy's centre. When we measured the rotation, mass, and velocity of the material flowing outwards, we were surprised to find that we could rule out many explanations for the power of the wind, star formation for example. Instead, the flow outwards may be powered by the inflow of gas and seems to be held together by magnetic fields," says Susanne Aalto.




The scientists think that the rotating magnetic wind helps the black hole to grow.

Material travels around the black hole before it can fall in -- like water around a drain. Matter that approaches the black hole collects in a chaotic, spinning disk. There, magnetic fields develop and get stronger. The magnetic fields help lift matter away from the galaxy, creating the spiralling wind. Losing matter to this wind also slows the spinning disk -- that means that matter can flow more easily into the black hole, turning a trickle into a stream.

For Mark Gorski, the way this happens is strikingly reminiscent of a much smaller-scale environment in space: the swirls of gas and dust that lead up to the birth of new stars and planets.

"It is well-established that stars in the first stages of their evolution grow with the help of rotating winds -- accelerated by magnetic fields, just like the wind in this galaxy. Our observations show that supermassive black holes and tiny stars can grow by similar processes, but on very different scales," says Mark Gorski.

Could this discovery be a clue to solving the mystery of how supermassive black holes grow? In the future, Mark Gorski, Susanne Aalto and their colleagues want to study other galaxies which may harbour hidden spiralling outflows in their centres.

"Far from all questions about this process are answered. In our observations we see clear evidence of a rotating wind that helps regulate the growth of the galaxy's central black hole. Now that we know what to look for, the next step is to find out how common a phenomenon this is. And if this is a stage which all galaxies with supermassive black holes go through, what happens to them next?," asks Mark Gorski.
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Can AI learn like us? | ScienceDaily
It reads. It talks. It collates mountains of data and recommends business decisions. Today's artificial intelligence might seem more human than ever. However, AI still has several critical shortcomings.


						
"As impressive as ChatGPT and all these current AI technologies are, in terms of interacting with the physical world, they're still very limited. Even in things they do, like solve math problems and write essays, they take billions and billions of training examples before they can do them well, " explains Cold Spring Harbor Laboratory (CSHL) NeuroAI Scholar Kyle Daruwalla.

Daruwalla has been searching for new, unconventional ways to design AI that can overcome such computational obstacles. And he might have just found one.

The key was moving data. Nowadays, most of modern computing's energy consumption comes from bouncing data around. In artificial neural networks, which are made up of billions of connections, data can have a very long way to go. So, to find a solution, Daruwalla looked for inspiration in one of the most computationally powerful and energy-efficient machines in existence -- the human brain.

Daruwalla designed a new way for AI algorithms to move and process data much more efficiently, based on how our brains take in new information. The design allows individual AI "neurons" to receive feedback and adjust on the fly rather than wait for a whole circuit to update simultaneously. This way, data doesn't have to travel as far and gets processed in real time.

"In our brains, our connections are changing and adjusting all the time," Daruwalla says. "It's not like you pause everything, adjust, and then resume being you."

The new machine-learning model provides evidence for a yet unproven theory that correlates working memory with learning and academic performance. Working memory is the cognitive system that enables us to stay on task while recalling stored knowledge and experiences.

"There have been theories in neuroscience of how working memory circuits could help facilitate learning. But there isn't something as concrete as our rule that actually ties these two together. And so that was one of the nice things we stumbled into here. The theory led out to a rule where adjusting each synapse individually necessitated this working memory sitting alongside it, " says Daruwalla.

Daruwalla's design may help pioneer a new generation of AI that learns like we do. That would not only make AI more efficient and accessible -- it would also be somewhat of a full-circle moment for neuroAI. Neuroscience has been feeding AI valuable data since long before ChatGPT uttered its first digital syllable. Soon, it seems, AI may return the favor.
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Newly discovered dinosaur boasts big, blade-like horns | ScienceDaily
What do you get when you cross Norse mythology with a 78-million-year-old ancestor to the Triceratops? Answer: Lokiceratops rangiformis, a plant-eating dinosaur with a very fancy set of horns.


						
The new dinosaur was identified and named by Colorado State University affiliate faculty member Joseph Sertich and University of Utah Professor Mark Loewen. The dinosaur's name, announced today in the scientific journal PeerJ, translates roughly to "Loki's horned face that looks like a caribou."

Loewen and Sertich, co-lead authors of the PeerJ study, dubbed the new species Lokiceratops (lo-Kee-sare-a-tops) rangiformis because of the unusual, curving blade-like horns on the back of its frill -- the shield of bone at the back of the skull -- and the asymmetrical horns at the peak of the frill, reminiscent of caribou antlers.

"The dinosaur now has a permanent home in Denmark, so we went with a Norse god, and in the end, doesn't it just really look like Loki with the curving blades?" Loewen said, referring to the trickster god's weapon of choice.

Loewen, a paleontologist at the Natural History Museum of Utah, and Sertich, a paleontologist with the Smithsonian Tropical Research Institute, are both scientific consultants for the Museum of Evolution in Denmark, Lokiceratops' new home.

"It's one of those stories with a happy ending, where it didn't go to somebody's mansion," Sertich said. "It ended up in a museum, where it will be preserved forever so people can study it and enjoy visiting it."

New dinosaur discovery

Lokiceratops was discovered in 2019 in the badlands of northern Montana, two miles (3.2 kilometers) south of the U.S.-Canada border. Sertich and Loewen helped reconstruct the dinosaur from fragments the size of dinner plates and smaller. Once they had pieced the skull together, they realized the specimen was a new type of dinosaur.




Estimated to be 22 feet (6.7 meters) long and weigh 11,000 pounds (5 metric tonnes), Lokiceratops is the largest dinosaur from the group of horned dinosaurs called centrosaurines ever found in North America. It has the largest frill horns ever seen on a horned dinosaur and lacks the nose horn that is characteristic among its kin.

"This new dinosaur pushes the envelope on bizarre ceratopsian headgear, sporting the largest frill horns ever seen in a ceratopsian," Sertich said in a press release announcing the dinosaur's unveiling at the Natural History Museum of Utah, where a replica is displayed. "These skull ornaments are one of the keys to unlocking horned dinosaur diversity and demonstrate that evolutionary selection for showy displays contributed to the dizzying richness of Cretaceous ecosystems."

Sertich likened dinosaur horns to feathers on birds. Birds use feather colors and patterns to differentiate their own species among other, similar species of birds.

"We think that the horns on these dinosaurs were analogous to what birds are doing with displays," Sertich said. "They're using them either for mate selection or species recognition."

What Loki's horns tell us about dinosaurs

Lokiceratops was excavated from the same rock layer as four other dinosaur species, indicating that five different dinosaurs lived side by side 78 million years ago in the swamps and coastal plains along the eastern shore of Laramidia, the western landmass of North America created when a seaway divided the continent. Three of these species were closely related but not found outside the region.




"It's unheard-of diversity to find five living together, similar to what you would see on the plains of East Africa today with different horned ungulates," Sertich said.

Unlike the broad range of large wild mammals that roam the U.S. West today, such as elk, these ancient animals were geographically limited, he added. Loki's discovery provides evidence that these species evolved rapidly within a small area, a process sometimes seen in birds.

By the time Triceratops came onto the scene 12 million years later, regional differences had been homogenized into just two species of horned dinosaurs from Canada to Mexico -- possibly in response to a more homogenous climate, Sertich said.

The study shows that dinosaur diversity has been underestimated and presents the most complete family tree of horned dinosaurs to date.

"Lokiceratops helps us understand that we only are scratching the surface when it comes to the diversity and relationships within the family tree of horned dinosaurs," Loewen said.
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First conclusive evidence that a terrestrial leech species can jump | ScienceDaily
A new study presents video evidence that at least one species of terrestrial leech can jump, behavior that scientists have debated for more than a century. Researchers from the American Museum of Natural History, Fordham University, and City University of New York (CUNY)'s Medgar Evers College published the footage and corresponding analysis today in the journal Biotropica.


						
"We believe this is the first convincing evidence that leeches can jump and do so with visible energy expenditure," said lead author Mai Fahmy, a visiting scientist at the Museum and a postdoctoral researcher at Fordham University. "There have been previous accounts of leeches jumping, including onto people, but those reports were often explained away as leeches just attaching to passerby as they brushed against shrubs or dropping from a branch above. This study dispels that argument."

During two separate expeditions to Madagascar in 2017 and in 2023, Fahmy recorded footage of leeches from the genus Chtonobdella coiling back on a leaf and then taking off. Fahmy and coauthor Michael Tessler, an assistant professor at CUNY's Medgar Evans College and a research associate at the Museum, compare this motion to a "backbending cobra," or to a spring being pulled back. In both cases, the leech keeps its body extended as it soars through the air to the ground, in a notable departure from their usual inchworm-like movements.

"Essentially, it executes a graceful jump but with a seemingly hard landing," Tessler said.

Several other worm-like invertebrates can jump, including the legless larvae of gall midges (Asphondylia sp.), which assume a loop posture before propelling themselves into the air, the larvae of Mediterranean fruit flies (Ceratitis capitata), "skipper flies" (Prochyliza xanthostoma), and several caterpillars, including Lymantria monacha and Orgyia leucostigma. While naturalists and leech biologists have long argued about the ability of terrestrial leeches in the family Haemadipsidae to jump, with some making observations of leeches leaping in their travel notes, there has been little concrete evidence until now.

Fahmy collected the jumping leech she observed on the 2023 trip, and the researchers identified it as Chtonobdella fallax, a common species in Madagascar. The larger Chtonobdella group of leeches to which C. fallax belongs can be found across Madagascar, the Seychelles, the Malay Archipelago, and the South Pacific Islands.

"We do not know how often this may happen or whether these leeches use this ability to seek out hosts, but, given that we caught multiple jumps in two short recordings, this behavior may be common for this species," said Tessler, who studied leeches extensively as a graduate student in the comparative biology Ph.D. program at the Museum's Richard Gilder Graduate School.

Understanding overall leech behavior is also important to conservation efforts because leeches -- and more specifically, their blood meals -- are increasingly being collected to survey vertebrate biodiversity.

"If we can identify how leeches find and attach to hosts, we can better understand the results of their gut content analyses," Fahmy said. "Leeches are also often overlooked and understudied, and, as a natural part of the ecosystem, leeches themselves may be in need of conservation protection."
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