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      Nanotechnology. The latest news on  nanoscience, nanoelectronics, science and technology. Updated Daily.


      
        Light-induced immunoassay can selectively detect coronavirus spike proteins in five minutes
        Like moths to a flame, microbes can also be moved by light. Using this knowledge, researchers from Osaka Metropolitan University's Research Institute for Light-induced Acceleration System (RILACS) have demonstrated a method to detect the presence of viruses quickly and using only a small sample.

      

      
        New testing system uses Janus particles to rapidly and accurately detect COVID-19
        The importance of testing for diseases was thrust into the limelight during the COVID-19 pandemic. Many of us have undergone a PCR (Polymerase Chain Reaction) or ELISA (Enzyme-Linked Immunosorbent Assay) test within the past four years.

      

      
        Antioxidant carbon dot nanozymes alleviate depression in rats by restoring the gut microbiome
        Depression is a significant challenge to diagnose and treat. Among the factors influencing depression onset and severity, there is growing evidence for chemical imbalances that generate oxidative stress throughout the body. To address this problem, researchers reporting in the journal Langmuir have developed antioxidant carbon dot nanozymes (synthetic enzyme-like substances) that reduced oxidative stress, rebalanced gut microbes and alleviated stress-induced depression in rats.

      

      
        Nanoparticle technology shows promise for targeted diagnosis and treatment of atherosclerosis
        Atherosclerosis is the build-up of plaque in the arteries which causes their narrowing. It is a primary cause of ischemic heart disease (IHD) and ischemic stroke (IS), both of which are major contributors to the 17.9 million deaths caused by cardiovascular diseases each year globally. The incidence of atherosclerosis-related conditions has been rising steadily over the past three decades, and particularly in younger populations. The increase is driven by lifestyle factors such as unhealthy diets,...

      

      
        Enhanced ion diffusion kinetics achieved through interpenetrated structures in electrochemical energy storage devices
        As global demand for electrochemical electrodes continues to rise, a new trend has emerged, emphasizing the need to maintain ion diffusion efficiency while accommodating ultra-high loadings of active materials to enhance capacity and energy density. In three-dimensional space, structured electrodes with high porosity and low tortuosity have proven effective in improving the performance of various electrochemical energy storage devices (EESDs).

      

      
        Why petting your cat leads to static electricity
        Anyone who has ever pet a cat or shuffled their feet across the carpet knows that rubbing objects together generates static electricity. But an explanation for this phenomenon has eluded researchers for more than two millennia.

      

      
        Upcycling e-waste into heterogeneous CuxO nano skeletons for high-performance glucose sensing
        As the use of electronic devices continues to rise, the management of electronic waste (e-waste) has become a critical issue. Printed circuit board (PCB) recycling methods are generally classified into physical and chemical approaches.

      

      
        2D silk protein layers on graphene pave the way for advanced microelectronics and computing
        After thousands of years as a highly valuable commodity, silk continues to surprise. Now it may help usher in a whole new direction for microelectronics and computing.
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Light-induced immunoassay can selectively detect coronavirus spike proteins in five minutes
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                A low-power laser can cause bubbles to form and convection to move nanoparticles so that they gather at an assembly site on an antibody-coated substrate, accelerating their detection. Credit: Osaka Metropolitan University/CC BY 4.0
            
        

    


Like moths to a flame, microbes can also be moved by light. Using this knowledge, researchers from Osaka Metropolitan University's Research Institute for Light-induced Acceleration System (RILACS) have demonstrated a method to detect the presence of viruses quickly and using only a small sample.



										    
																					The research team led by OMU Professor Takuya Iida, the director of RILACS, and Associate Professor Shiho Tokonami, the deputy director, report in npj Biosensing on a light-induced immunoassay.

Using laser irradiation for less than one minute, a nanoparticle-imprinted plasmonic substrate with a series of nanobowl structures (500 nm in diameter for each) could be coated with antibodies for the spike proteins of the novel coronavirus.

A 5 milliwatt laser, as low power as commercial laser pointers, could then form bubbles on the biochip that drew virus-mimicking nanoparticles, thereby accelerating the selective detection of the particles.

Because light-induced convection helps move the nanoparticles around so that they end up assembling at the stagnant region between the substrate surface and the bottom of the bubble, a high concentration of the particles was not required. In under five minutes, the entire process, from substrate coating to detection, could be completed.

"This study shows that we can shorten the cumbersome antibody coating process and perform rapid and highly sensitive protein detection," Professor Iida said. "We believe our findings can contribute to the early diagnosis of not only the novel coronavirus, but possibly also various infectious diseases, cancer, even dementia."


																														
																				
																						More information:
												Masatoshi Kanoda et al, High-throughput light-induced immunoassay with milliwatt-level laser under one-minute optical antibody-coating on nanoparticle-imprinted substrate, npj Biosensing (2024). DOI: 10.1038/s44328-024-00004-z
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New testing system uses Janus particles to rapidly and accurately detect COVID-19
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                Transmission electron microscopy (TEM) image and fluorescence image of fluorescent magnetic Janus particles (top left). Schematic diagram of N protein detection using antibody-conjugated fluorescent magnetic Janus particles (top right). External view of the Express Biochecker developed in this research (bottom left). Measurement results of N protein concentrations for the novel coronavirus (CoV-2, yellow) and a different coronavirus (229E, blue) (bottom right). Credit: Hiroshi Yabu
            
        

    


The importance of testing for diseases was thrust into the limelight during the COVID-19 pandemic. Many of us have undergone a PCR (Polymerase Chain Reaction) or ELISA (Enzyme-Linked Immunosorbent Assay) test within the past four years.



										      
																					Yet these forms of testing are far from perfect. They require large sample volumes, involve complex procedures, and even pose a risk of exposing the tester to the virus.

Now, a group of researchers has developed a new quantitative testing system called the "Express Biochecker," which provides a simple, rapid, and low-cost method for detecting the coronavirus N protein.

This new system, which incorporates advanced microfluidic technology, is not limited to the coronavirus--it is expected to be applied to other viral illnesses such as influenza and hepatitis in the future. The research is published in the journal Langmuir.

"Our novel immunoassay system is based on Janus particles, which, much like the Roman god they are named after, possess two 'faces' or sides," says Hiroshi Yabu, Principal Investigator and Deputy Director of the Open Innovation Center of Hydrogen Science for Green Transformation at Tohoku University's Advanced Institute for Materials Research (WPI-AIMR).

"One side is coated with a fluorescent dye, and the other with magnetic particles and antibodies." These particles are engineered to bind specifically to target antigens, such as viral proteins, and can be used in conjunction with antibody-immobilized microfluidic devices for highly precise measurements.

"The strength of this system lies in its versatility," added Eiichi Kodama, a professor at the International Research Institute of Disaster Science at Tohoku University. "Not only can it be used for viral detection in other diseases, but it also has the potential to be adapted for measuring other biomarkers related to various conditions. This could open new avenues for medical diagnostics."

The next phase of research will focus on expanding the system's applications to include the detection of other disease markers.

Also included in the research team was Professor Kentaro Totsu of the Micro System Integration Center, and Haplo Pharma Inc. (headquartered in Sendai), which develops diagnostic devices for medical and health care applications.


																														
																				
																						More information:
												Hiroshi Yabu et al, Janus-Type Immunofluorescent Probes and a Quantitative Immunoassay System, Langmuir (2024). DOI: 10.1021/acs.langmuir.4c01911
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Antioxidant carbon dot nanozymes alleviate depression in rats by restoring the gut microbiome
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                Credit: Langmuir (2024). DOI: 10.1021/acs.langmuir.4c02481
            
        

    


Depression is a significant challenge to diagnose and treat. Among the factors influencing depression onset and severity, there is growing evidence for chemical imbalances that generate oxidative stress throughout the body. To address this problem, researchers reporting in the journal Langmuir have developed antioxidant carbon dot nanozymes (synthetic enzyme-like substances) that reduced oxidative stress, rebalanced gut microbes and alleviated stress-induced depression in rats.



										      
																																	Mental health disorders such as depression not only reduce the quality of life for affected individuals, but also challenge public health and economic prosperity. One of the potential hallmarks of depressive disorder is a buildup of reactive oxygen- and nitrogen-containing compounds, which can overwhelm the body's natural defenses. The resulting oxidative stress impacts gut health by disrupting the balance of microbes, which can trigger inflammation and alter brain and neuronal function.

To correct this problem, Jihong Huang, Weiwei He and colleagues synthesized enzyme-like substances with a strong antioxidant capacity to reduce the reactive species and thereby restore gut microbe balance and alleviate depression.

The researchers created carbon dot nanozymes (CDzymes) by polymerizing glucose and the amino acid histidine to ensure antioxidant activity while maintaining biocompatibility. The CDzymes neutralized a range of reactive species in solution and in cultured mouse nerve cells without signs of toxicity.

The researchers then moved to a rat model of depression known as chronic and unpredictable mild stress (CUMS). They compared animals in four groups--healthy rats, untreated CUMS rats, and CUMS rats treated with either gamma-aminobutyric acid (GABA), an antidepressant drug that inhibits nerve signaling, or CDzymes.


																																						
    
     




																																			Rats receiving either treatment displayed less depressive behavior than untreated CUMS rats in terms of reward-seeking, curiosity, willingness to explore and resistance to despair. The behavioral improvements observed with GABA or CDzymes treatment also aligned with improved levels of several depression-related neurotransmitters isolated from brain tissues.

The researchers then explored the impact of CUMS and treatment on the rodents' gut microbiome by analyzing fecal microbes. Although microbial richness and diversity was greatly reduced in the depressed animals, this reduction was largely reversed to the same degree with GABA or CDzymes treatment.

Additionally, the types of microbes present in the feces of treated rats were much closer to that of healthy rats, highlighting the link between gut health and mental health. This microbial restoration also resulted in improved metabolism of several amino acids critical to nerve signaling.

Taken together, these results present CDzymes as effective as GABA in animal studies, making it another potential therapeutic option for addressing depressive disorder.


																																																					
																				
																						More information:
												Huimin Jia et al, Antioxidant Carbon Dots Nanozymes Alleviate Stress-induced Depression by Modulating Gut Microbiota, Langmuir (2024). DOI: 10.1021/acs.langmuir.4c02481
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Nanoparticle technology shows promise for targeted diagnosis and treatment of atherosclerosis
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                Schematic illustration of A) fabrication procedure of ST/NCP-PEG and pH-responsive structural collapse under acidic microenvironment. B) the mechanism of pH-responsive and MRI-functional ST/NCP-PEG nanomedicine enabling spontaneous diagnosis and treatment of atherosclerosis. Credit: Small (2024). DOI: 10.1002/smll.202401659
            
        

    


Atherosclerosis is the build-up of plaque in the arteries which causes their narrowing. It is a primary cause of ischemic heart disease (IHD) and ischemic stroke (IS), both of which are major contributors to the 17.9 million deaths caused by cardiovascular diseases each year globally. The incidence of atherosclerosis-related conditions has been rising steadily over the past three decades, and particularly in younger populations. The increase is driven by lifestyle factors such as unhealthy diets, lack of exercise, smoking, and alcohol consumption.



										      
																																	In Singapore, cardiovascular diseases (CVDs) are a leading cause of mortality, accounting for 31% of deaths in 2022, and a projected three times increase in obesity-related heart attacks by 2050.

Commonly used methods for imaging atherosclerotic plaques include techniques like intravascular ultrasound, coronary angiography, computed tomography angiography and magnetic resonance imaging (MRI). However, these methods have limitations in resolution, invasiveness, and most importantly, the ability to deliver targeted therapies.


	Intravascular ultrasound, utilizes an ultrasound probe on a catheter inside the blood vessel to visualize the walls of the arteries for a detailed assessment of the extent and nature of the plaques. However, this method is invasive and applies only to larger blood vessels with limited spatial resolution

	Coronary angiography, uses X-ray imaging and an injection of a dye that provides contrast for visualizing arteries and detecting blockages caused by plaque.

	Similar to X-ray coronary angiography, computed tomography angiography, which uses ionizing radiation and an injection of a dye to obtain more detailed images of blood vessels.

	MRI provides the highest-resolution images of blood vessel and plaque morphology among all the four imaging techniques.




																																						
    
     




																																			There are currently no medications or treatments that can specifically target atherosclerotic plaques, to significantly reduce plaque burden or reverse atherosclerosis. Patients with high CVD risk are generally prescribed medications that can stabilize plaques, including statins that lower cholesterol levels, anti-platelet agents such as aspirin to reduce the risk of clots forming at the site of plaques, while ace inhibitors and beta-blockers are used to manage high blood pressure.

A team at NUS Yong Loo Lin School of Medicine (NUS Medicine) has developed a nanoparticle technology that offers an effective solution to diagnose and treat atherosclerosis, in a non-invasive manner. This innovative theranostic approach, published in the journal Small, represents a significant advancement in the field of cardiovascular medicine as it offers a promising alternative to current medical practices for the management of atherosclerosis.

Led by Assistant Professor Wang Jiong-Wei from the Department of Surgery, Nanomedicine Translational Research Program at NUS Medicine, and Cardiovascular Research Institute (CVRI), this multidisciplinary study was conducted in collaboration with Associate Professor James Kah from the Department of Biomedical Engineering and Professor Liu Bin from the Department of Chemical and Biomolecular Engineering under the College of Design and Engineering at NUS, and Prof Liu Xiaogang from the Department of Chemistry at the NUS Faculty of Science.


																																			The team developed a nanoparticle that addresses prevailing challenges; the newly developed nanoparticle can diagnose atherosclerosis, target atherosclerotic plaques, and deliver therapeutic agents directly to inhibit the progression of atherosclerosis in the preclinical models.

Composed of nanoscale coordination polymers (NCP) and a pH-responsive linker, the nanoparticles work by breaking down specifically in the acidic environment of atherosclerotic plaques, releasing gadolinium--a contrast agent for MRI--for real-time imaging of plaque severity while simultaneously delivering Simvastatin, a water-insoluble drug with anti-inflammatory properties and anti-ROS (reactive oxygen species) properties that contribute to plaque stabilization and treatment, reducing the risk of cardiovascular events.

Compared to the systemic delivery of similar doses of Simvastatin, the nanoparticles can deliver 1000 times more of the drug to the plaques, thereby enhancing the therapeutic efficacy while minimizing systemic side effects.

"Overall, our nanoparticles offer a promising novel approach to non-invasive diagnosis, monitoring and targeted treatment of atherosclerosis, a significant advancement that could pave the way for a new era of cardiovascular care," said Asst Prof Wang, Principal Investigator, Nanomedicine Translational Research Programme, NUS Medicine.

This proof-of-concept study demonstrates significant potential for the innovative approach and the team is looking to further validate their research before they move forward to clinical trials.


																																																					
																				
																						More information:
												Yuanzhe Lin et al, Dual-Function Nanoscale Coordination Polymer Nanoparticles for Targeted Diagnosis and Therapeutic Delivery in Atherosclerosis, Small (2024). DOI: 10.1002/smll.202401659
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Enhanced ion diffusion kinetics achieved through interpenetrated structures in electrochemical energy storage devices
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As global demand for electrochemical electrodes continues to rise, a new trend has emerged, emphasizing the need to maintain ion diffusion efficiency while accommodating ultra-high loadings of active materials to enhance capacity and energy density. In three-dimensional space, structured electrodes with high porosity and low tortuosity have proven effective in improving the performance of various electrochemical energy storage devices (EESDs).



										      
																																	However, increasing the thickness of 3D-printed electrodes inevitably lengthens the ion diffusion path and increases the concentration gradient between the two electrodes, leading to slower ion diffusion kinetics. Consequently, innovative electrode designs are urgently required to achieve large surface areas, low tortuosity, and short electrode spacing simultaneously, thereby enabling rapid ion diffusion at the device level.

To address this challenge, Yat Li and colleagues at the University of California, Santa Cruz, introduced a novel strategy to construct an interpenetrated electrode structure. This model system utilizes a Kelvin unit-body-centered cubic lattice, with each unit cell containing two independent sublattice electrodes. The research is published in the journal Nano-Micro Letters.

Using commercial resin as a precursor, polymer interpenetrated structures composed of varying numbers of unit cells were fabricated via stereolithography (SLA). Electroless plating was subsequently used to render the polymer substrate conductive. Specifically, the polymer surface was first sensitized with Sn2+ ions, followed by a redox reaction between Sn2+ and Pd2+ ions, during which Pd nanoparticles, serving as catalytic active sites, were assembled on the polymer surface.


																																						
    
     




																																			The activated substrate was then immersed in a mixed solution containing Ni2+ ions and the reducing agent NaH2PO2, forming a conductive Ni-P composite layer at the Pd sites. During the electroless and electroplating processes, portions of the electrode support structure were masked to allow for independent addressing of electrodes A and B.

Finally, MnO2/PEDOT composites and metallic zinc were selectively electrodeposited on electrodes A and B, respectively. A Zn//MnO2 battery device was used as a model system to test the hypothesis regarding interpenetrated EESDs. This approach shortened the ion diffusion distance and reduced ion concentration gradients, while the self-supporting device structure eliminated the need for separators, preventing short circuits.

Additionally, the feature size and the number of interpenetrated units could be adjusted during printing to balance surface area and ion diffusion. Beginning with the 3D-printed interpenetrated polymer substrate, it was metallized to create conductive, independently addressable electrodes for selective electrodeposition of energy storage materials.

The interpenetrated structure design proved particularly advantageous in low-temperature applications, where sluggish ion diffusion poses significant challenges. Li and colleagues conducted tests using Zn//Zn symmetric cells to compare the stripping/plating behavior of zinc metal in devices with two different structures at 20 degC and 0 degC.


																																			The interpenetrated structure exhibited lower polarization potentials at both temperatures and demonstrated more stable and smoother stripping/plating curves compared to the separated electrode design. Although charge transfer resistance (Rct) was similar at 20 degC, the interpenetrated structure exhibited lower solution and mass transfer resistance.

At 0 degC, the Rct of the separated structure (~400 O) was significantly higher than that of the interpenetrated design (~80 O). The enhanced low-temperature performance of the interpenetrated device was attributed to more efficient ion diffusion and a more uniform ion concentration distribution, achieved by shortening the electrode spacing. Furthermore, battery device tests at low temperatures revealed that when the temperature dropped from 20 degC to 0 degC, the interpenetrated device retained 49% of its areal capacity, compared to just 35% for the separated device.

Owing to enhanced ion diffusion kinetics and a more compact design, the interpenetrated device exhibited remarkable improvements at 0 degC, including a 104% increase in areal capacity, an 82% increase in areal energy density, and a 263% increase in volumetric energy density compared to the separated device. These findings underscore the significance of the interpenetrated structure in enhancing ion diffusion kinetics.


																																																					
																				
																						More information:
												Xinzhe Xue et al, Interpenetrated Structures for Enhancing Ion Diffusion Kinetics in Electrochemical Energy Storage Devices, Nano-Micro Letters (2024). DOI: 10.1007/s40820-024-01472-8
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Why petting your cat leads to static electricity
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                Graphical abstract. Credit: Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c03656
            
        

    


Anyone who has ever pet a cat or shuffled their feet across the carpet knows that rubbing objects together generates static electricity. But an explanation for this phenomenon has eluded researchers for more than two millennia.



										      
																																	Now, Northwestern University scientists have finally uncovered the mechanics at play.

When an object slides, the front and back parts of that object experience different forces, researchers found. This difference in forces causes different electrical charges to build up on the front and back parts of the object. And the difference in electrical charges creates a current, leading to a light zap.

The study was published in the journal Nano Letters.

"For the first time, we are able to explain a mystery that nobody could before: why rubbing matters," said Northwestern's Laurence Marks, who led the study.

"People have tried, but they could not explain experimental results without making assumptions that were not justified or justifiable. We now can, and the answer is surprisingly simple. Just having different deformations--and therefore different charges--at the front and back of something sliding leads to current."

An expert in surface structures, Marks is a professor emeritus of materials science and engineering at Northwestern's McCormick School of Engineering. Karl Olson, a Ph.D. student in Marks' research group, is the paper's first author.

Greek philosopher Thales of Miletus first reported friction-induced static electricity in 600 B.C. After rubbing amber with fur, he noticed the fur attracted dust.


																																						
    
     




																																			"Since then, it has become clear that rubbing induces static charging in all insulators--not just fur," Marks said. "However, this is more or less where the scientific consensus ended."

Marks and his team started to unravel the mystery in 2019. In a study published in Physical Review Letters, they reported that rubbing two materials together bends tiny protrusions on the surfaces of those materials. Those bent, deformed protrusions give rise to voltages, the researchers found.

"In 2019, we had the seed of what was going on. However, like all seeds, it needed time to grow," Marks said. "Now, it has blossomed. We developed a new model that calculates electrical current. The values for the current for a range of different cases were in good agreement with experimental results."

A concept called "elastic shear" lies at the heart of the new model. Elastic shear can occur when a material resists a sliding force. If a person pushes a plate across a table, the plate will resist sliding. As soon as the person stops pushing it, the plate stops moving. This added friction--caused by the resistance to sliding--causes electrical charges to move.

"Sliding and shear are intimately connected," Marks said.

Although static electricity can cause funny mishaps, like hair standing on end after going down a playground slide, it also can lead to serious problems. For example, sparks from static electricity cause industrial fires and even explosions. It also can hinder consistent dosing for powdered pharmaceuticals. With a better understanding of the mechanisms at play, researchers potentially could introduce new solutions to these issues.

"Static electricity affects life in both simple and profound ways," Marks said. "Charging grains with static electricity has a major influence on how coffee beans are ground and taste. The Earth would probably not be a planet without a key step in the clumping of particles that form planets, which occurs because of the static electricity generated by colliding grains. It's amazing how much of our lives are touched by static electricity and how much of the universe depends on it."


																																																					
																				
																						More information:
												Karl P. Olson et al, What Puts the "Tribo" in Triboelectricity?, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c03656
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Upcycling e-waste into heterogeneous CuxO nano skeletons for high-performance glucose sensing

										

    
        
            [image: Upcycling e-waste into heterogeneous CuxO nano skeletons for high-performance glucose sensing]
             
                Design of automatic fabrication for the h-CuxO glucose detection electrode. a PCB before and after varnish removal. b LIBT process. c LIFT process. d Automatic device to fabricate h-CuxO electrode. Credit: Nano-Micro Letters (2024). DOI: 10.1007/s40820-024-01467-5
            
        

    


As the use of electronic devices continues to rise, the management of electronic waste (e-waste) has become a critical issue. Printed circuit board (PCB) recycling methods are generally classified into physical and chemical approaches.



										      
																																	Physical recycling involves mechanical disassembly and separation, while chemical recycling relies on hydrometallurgy or pyrometallurgy. However, these methods are expensive and often cause pollution. Laser technology offers a new, environmentally friendly, and efficient approach for recovering metals from PCBs.

Non-invasive glucose monitoring is crucial for managing diabetes. Sweat contains glucose and other biomarkers, and detecting glucose concentration in sweat using electrochemical sensors has become a research focus. Among these, non-enzymatic glucose sensors are gaining attention due to their low cost and stability.

Copper oxide (CuxO) is an ideal material for fabricating non-enzymatic glucose sensors because of its biocompatibility and high sensitivity to glucose. Traditional methods for preparing copper oxide electrodes are often complex, time-consuming, and require hazardous chemicals. In contrast, laser-induced processes provide a more eco-friendly, rapid, and scalable approach to fabricating copper-based electrodes.

To tackle the dual challenges of e-waste and diabetes, Guijun Li and colleagues at the Hong Kong University of Science and Technology proposed a laser-induced transfer method that repurposes copper from e-waste to fabricate portable glucose sensor electrodes. They employed a fast, low-cost, environmentally friendly, and scalable laser-induced transfer technique to prepare h-CuxO electrodes from discarded PCBs.


																																						
    
     




																																			The research is published in the journal Nano-Micro Letters.

Before the laser transfer step, the protective coating on the PCB surface was removed using laser ablation. Laser-induced backward transfer (LIBT) was then used to transfer copper from the PCB onto a glass substrate, followed by laser-induced forward transfer (LIFT) to deposit the copper onto a carbon cloth substrate. Using this laser transfer method, the team developed an automated system for continuous electrode production once laser processing parameters were set.

The performance of h-CuxO electrodes was compared to commercial Cu2O and CuO nanoparticles as glucose-sensing electrodes. After electrochemical activation, the h-CuxO-EA electrode showed the highest sensitivity among all tested electrodes, achieving 9.893 mA mM-1 cm-2 (R2=0.996) with a detection limit of 0.34 mM.

The h-CuxO-EA electrode also exhibited excellent anti-interference properties. When tested for glucose detection in artificial sweat, the h-CuxO-EA electrode retained nearly 100% of its current response after eight weeks, indicating outstanding long-term stability.

In addition, Li and colleagues developed a miniature electrochemical workstation capable of wirelessly transmitting real-time data to a smartphone via Bluetooth. The electrochemical curves obtained from the miniature system were consistent with those measured by a PARSTAT electrochemical workstation, confirming the system's reliability.

The h-CuxO-EA electrode's current response to different glucose concentrations, measured with the miniature workstation, showed that higher glucose concentrations produced higher current responses. The fitting curve demonstrated a proportional relationship between current response and glucose concentration, with a sensitivity of 61.67 mA mol-1.

Tests with artificial sweat containing five different glucose concentrations revealed that the calculated values closely matched the actual concentrations. The glucose detection device was miniaturized to enhance portability and scalability, making it more suitable for integration into everyday life.


																																																					
																				
																						More information:
												Yexin Pan et al, Heterogeneous CuxO Nano-Skeletons from Waste Electronics for Enhanced Glucose Detection, Nano-Micro Letters (2024). DOI: 10.1007/s40820-024-01467-5
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                Individual silk protein molecules, or "silk fibroins" (blue), are deposited on a graphene surface surrounded by water (green and red spheres) and grow into an atomically precise two-dimensional (2D) sheet. Controlled deposition of silk fibers could lead to numerous biodegradable electronic devices. Credit: Mike Perkins | Pacific Northwest National Laboratory
            
        

    


After thousands of years as a highly valuable commodity, silk continues to surprise. Now it may help usher in a whole new direction for microelectronics and computing.



										      
																																	While silk protein has been deployed in designer electronics, its use is currently limited in part because silk fibers are a messy tangle of spaghetti-like strands.

Now, a research team led by scientists at the Department of Energy's Pacific Northwest National Laboratory has tamed the tangle. They report in the journal Science Advances that they have achieved a uniform two-dimensional (2D) layer of silk protein fragments, or "fibroins," on graphene, a carbon-based material useful for its excellent electrical conductivity.

"These results provide a reproducible method for silk protein self-assembly that is essential for designing and fabricating silk-based electronics," said Chenyang Shi, the study's lead author. "It's important to note that this system is nontoxic and water-based, which is crucial for biocompatibility."

This combination of materials--silk-on-graphene--could form a sensitive, tunable transistor highly desired by the microelectronics industry for wearable and implantable health sensors. The PNNL team also sees potential for their use as a key component of memory transistors or "memristors," in computing neural networks. Memristors, used in neural networks, allow computers to mimic how the human brain functions.


																																						
    
     




																																			The silk road

For centuries, silkworm silk production was a closely guarded secret in China, while its fame spread through the celebrated Silk Road trade routes to India, the Middle East, and eventually Europe. By the Middle Ages, silk had become a status symbol and a coveted commodity in European markets. Even today, silk is associated with luxury and status.
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                Atomic force microscope image of silk fibroin uniformly self-assembling on graphene. Credit: James De Yoreo | Pacific Northwest National Laboratory
            
        

    



The same underlying properties that make silk fabric world-renowned--elasticity, durability, and strength--have led to its use in advanced materials applications.

"There's been a lot of research using silk as a way of modulating electronic signals, but because silk proteins are naturally disordered, there's only so much control that's been possible," said James De Yoreo, a Battelle Fellow at PNNL with a dual appointment as a Professor of Materials Science and Engineering and of Chemistry at the University of Washington.

"So, with our experience in controlling material growth on surfaces, we thought 'what if we can make a better interface?'"

To do that, the team carefully controlled the reaction conditions, adding individual silk fibers to the water-based system in a precise manner. Through precision laboratory conditions, the team achieved a highly organized 2D layer of proteins packed in precise parallel b-sheets, one of the most common protein shapes in nature.


																																			Further imaging studies and complementary theoretical calculations showed that the thin silk layer adopts a stable structure with features found in natural silk. An electronic structure at this scale--less than half the thickness of a strand of DNA--supports the miniaturization found everywhere in the bio-electronics industry.

"This type of material lends itself to what we call field effects," said De Yoreo. "This means that it's a transistor switch that flips on or off in response to a signal. If you add, say, an antibody to it, then when a target protein binds, you cause a transistor to switch states."

Indeed, the researchers are planning to use this starting material and technique to create their own artificial silk with functional proteins added to it to enhance its usefulness and specificity.

This study represents the first step in controlled silk layering on functional electronic components. Key areas of future research include improving the stability and conductivity of silk-integrated circuits and exploring silk's potential in biodegradable electronics to increase the use of green chemistry in electronic manufacturing.


																																																					
																				
																						More information:
												Chenyang Shi et al, Two-dimensional silk, Science Advances (2024). DOI: 10.1126/sciadv.ado4142. www.science.org/doi/10.1126/sciadv.ado4142
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                Double-slit experiment. Credit: University College Dublin
            
        

    


The topological quantum computer still exists only in theory but, if possible, would be the most stable and powerful computing machine in the world. However, it requires a special type of qubit (quantum bit) that has yet to be realized and manipulated.



										      
																																	Conventional matter is made up of atoms which contain electrons, and scientists have long known that electrons are indivisible fundamental particles. Yet surprising new research shows that a weird feature of quantum mechanics can be used to produce objects that behave like half of an electron.

These "split-electrons" can act as topological qubits and might hold the key to unlocking the full power of quantum computation.

The discovery, recently published in Physical Review Letters, was made by Professor Andrew Mitchell at University College Dublin (UCD) School of Physics, and Dr. Sudeshna Sen at the Indian Institute of Technology in Dhanbad, who are theoretical physicists studying the quantum properties of nano-scale electronic circuits.

"The miniaturization of electronics has reached the point now where circuit components are just nanometers across. At that scale, the rules of the game are set by quantum mechanics, and you have to give up your intuition about the way things work," said Dr. Sen.

"A current flowing through a wire is actually made up of lots of electrons, and as you make the wire smaller and smaller, you can watch the electrons go through one-by-one. We can now even make transistors which work with just a single electron."

In nano-scale electronic circuits, the phenomenon of quantum interference between electrons can lead to states where electrons appear to split.

Professor Mitchell said, "In a nanoelectronic circuit, electrons going down different paths in the circuit can destructively interfere and block the current from flowing. This phenomenon has been observed before in quantum devices.

"The new thing that we found is that by forcing multiple electrons close enough together that they strongly repel each other, the quantum interference gets changed. Even though the only fundamental particles in the circuit are electrons, collectively they can behave as if the electron has been split in two."

The result is a so-called "Majorana fermion"--a particle first theorized by mathematicians in 1937 but as yet not isolated experimentally. The finding is potentially important for the development of new quantum technologies, if the Majorana particle can be created in an electronic device and manipulated.

Professor Mitchell said, "There has been a big search for Majoranas over the last few years because they are a key ingredient for proposed topological quantum computers. We might have found a way to produce them in nanoelectronics devices by using the quantum interference effect."


																																						
    
     




																																			Quantum interference explained by the 'double-slit' experiment

When a nanoelectronic circuit is designed to give electrons the choice of two different pathways, quantum interference takes place. Professor Mitchell explained, "The quantum interference we see in such circuits is very similar to that observed in the famous double-slit experiment."

The double-slit experiment demonstrates the wave-like properties of quantum particles like the electron, which first led to the development of quantum mechanics in the 1920s. Individual electrons are fired at a screen with two tiny apertures, and the place they end up is recorded on a photographic plate on the other side.

Because the electrons can pass through either slit, they interfere with each other. In fact, a single electron can interfere with itself, just like a wave does when it passes through both slits at the same time.

Because the electrons can pass through either slit, the waves emerging on the other side can interact and recombine in complex ways, producing an interference pattern. When the peak of one wave collides with the trough of another, they cancel out--the result is that the electron cannot pass through.

"It's the same thing that is happening in a nanoelectronic circuit," said Professor Mitchell. "Quantum interference can be used to produce the kinds of qubits we need for more powerful quantum computers."


																																																					
																				
																						More information:
												Sudeshna Sen et al, Many-Body Quantum Interference Route to the Two-Channel Kondo Effect: Inverse Design for Molecular Junctions and Quantum Dot Devices, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.076501. On arXiv: DOI: 10.48550/arxiv.2310.14775
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Topological quantum computers a step closer with new method to 'split' electrons (2024, September 19)
												retrieved 19 September 2024
												from https://phys.org/news/2024-09-topological-quantum-closer-method-electrons.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-09-topological-quantum-closer-method-electrons.html



	
	Articles
	Sections
	Next





    
      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

      Space and Earth

      The latest science news on astronomy, astrobiology,  and space exploration from Phys.org.


      
        
          	
            Physics
          
          	
            Sections
          
          	
            Chemistry
          
        

      

    

  
    
      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

      Chemistry

      The latest news stories on chemistry, biochemistry, polymers, materials science from Phys.org


      
        Microplastics: Meant to last, just not forever and not in our bodies
        Megan Hill is an assistant professor of chemistry and leader of the Hill Lab in Colorado State University's College of Natural Sciences. Her research leverages organic chemistry to design advanced polymeric materials for applications in sustainability, catalysis and soft materials. She recently sat down with SOURCE to answer some common questions.

      

      
        Harnessing nature's rhythm: Piezocatalysis for organic pollutant degradation
        With the rapid growth of industrial and agricultural activities, water bodies are increasingly contaminated with harmful organic pollutants such as dyes, antibiotics, and bisphenol A. Traditional methods like adsorption, chemical treatments, and biological processes have limitations, including inefficiency, potential secondary pollution, and high operational costs.

      

      
        Bioengineers create new substrate to study wood-decomposing enzyme
        Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components.

      

      
        Materials scientist describes new world order for glasses, liquids
        In 1543, Copernicus pitched the heliocentric idea that the Earth orbited the sun. His theory took 150 years to catch on and more than 400 years for the Vatican to officially accept it. Likewise, distinguished materials scientist Takeshi Egami has spent his career revealing the complex atomic structure of metallic glass and other liquids--sometimes sharing theories with initially resistant minds in the scientific community. However, he is willing to go the distance to bring his colleagues on board ...

      

      
        Nature-inspired patterns boost polymer toughness
        Biological systems are renowned for their ability to create strong yet resilient structures. A sea sponge, for instance, grows in layers, forming unique patterns that integrate minerals with softer regions, creating an ideal balance of strength and flexibility.

      

      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

    

  
	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Microplastics: Meant to last, just not forever and not in our bodies]
             
                "There's not a future that is without plastic, but there should be a future with much less and better plastic," says Megan Hill. Credit: Colorado State University
            
        

    


Megan Hill is an assistant professor of chemistry and leader of the Hill Lab in Colorado State University's College of Natural Sciences. Her research leverages organic chemistry to design advanced polymeric materials for applications in sustainability, catalysis and soft materials. She recently sat down with SOURCE to answer some common questions.



										      
																																	What are microplastics?

Given their name, they are micro-sized bits of plastic. There are even smaller nanoplastics that are below that (.5 mm in diameter) threshold (about the size of a grain of rice). They are pieces of plastic that have broken down but never fully degraded.

How long has synthetic, mass-produced plastic been around?

Let's say about 100 years. Chemists spent a lot of time and effort optimizing polymerization techniques, eventually making catalysts that enabled extremely fast, cheap and easy production of plastic materials. Once the industry realized how useful these lightweight, durable and cheap materials were, then it just kind of exploded.

It's much more complex than that because there was government assistance in making these types of products more affordable. Within the last 10 to 20 years, people started to realize, "Wow, this stuff is still around, and it doesn't seem like it's going away anytime soon."

Have we had better living through chemistry, i.e., plastics, in the past century?

You absolutely have to take that into account. Plastics make cars and airplanes lighter, reducing the amount of fuel that is needed. Wind turbines are made from epoxy resins, crosslinked polymer networks. Polyethylene is used in hip replacements, and Kevlar is something that saves people's lives. These are all plastic materials.


																																						
    
     




																																			What are the unintended consequences?

We've never had to deal with materials that have such a long lifetime. Every material that we've worked with in the past has been environmentally degradable over at least long periods of time. People didn't realize how long it would actually take these materials to degrade. But now we are facing the fact that nearly every piece of plastic that has ever been made still exists, except for a small percentage that has been incinerated.

Is it bad that microplastics are found in virtually every part of human bodies?

We still have a lot to learn about how microplastics affect our health. Initially, it was thought that it wouldn't be that big of an issue because particles have to be really small to pass through your esophagus or digestive tract, so we assumed microplastics would not persist in the body.

But as these particles have become smaller and smaller, now they're accumulating in tissues and throughout our bodies. We are still not sure what this means to our health. Plastics are designed to be inert, so the chemical structures are not likely interacting with anything in our body, but they are foreign objects that your body will likely react to.

There's still a lot unknown about the severity or what might actually happen as these particles accumulate more in animals and then humans as they go up the food chain.


																																			What's an example of your lab's research in polymers?

One area of research our lab focuses on is integrating reversible or degradable bonds into polymer networks and backbones. By making some of the bonds reversible, we can improve the ability for the materials to be broken and reformed, without compromising their material properties--a big problem plastic recycling is currently facing.

Another CSU group has pioneered polymer materials that can be chemically recycled, a route that enables polymers to be broken down to their starting materials so they can be remade into the high-quality materials that are needed in industry.

What does it mean for a polymer to be sustainable?

It means finding starting materials that aren't derived from oil. It means using processes that are less energy intensive. It means thinking about the end-of-life of the materials we are making. We still aren't exactly sure how long it's OK for something to persist in the environment, and the answer will certainly depend on several different circumstances, but it needs to be addressed.

Something I find hopeful and inspiring is how the whole polymer community, and chemistry community, has refocused our attention on these issues. I wouldn't say that anyone's doing research now without thinking about the end fate of the materials they are making, which is something that people just didn't consider before.


																																						
    
     




																																			What are some positive developments?

Scientists have teamed up and come up with some really promising solutions. They have developed new recycling methods, they have engineered enzymes that are more efficient at breaking down plastics, they have developed catalysts that can convert plastics into useful chemicals, etc.

There is also funding for researchers to develop sustainable materials, figure out creative methods to tackle the abundance of plastic waste, and for people to start companies. So I see a very bright future in this. It would help if the government would make plastic a little more expensive or have some sort of incentives to get companies to stop using it. It's incredibly difficult for individual consumers to avoid all the plastic that is cheap and easy.

What can people do to help?

Every little action helps. Support companies that try to steer away from plastics, vote for politicians who support research, and if you can, spend or give a little extra money to show it's something you care about.

You know that quote from "The Graduate" where the dad says there's a great future in plastics? The new quote that we all tell each other is there's a great future in sustainable plastics.
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Harnessing nature's rhythm: Piezocatalysis for organic pollutant degradation
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                Credit: Eco-Environment & Health (2024). DOI: 10.1016/j.eehl.2024.08.001
            
        

    


With the rapid growth of industrial and agricultural activities, water bodies are increasingly contaminated with harmful organic pollutants such as dyes, antibiotics, and bisphenol A. Traditional methods like adsorption, chemical treatments, and biological processes have limitations, including inefficiency, potential secondary pollution, and high operational costs.



										      
																																	Due to these challenges, there is an urgent need to explore innovative and sustainable technologies for water purification, leading to the investigation of piezocatalytic techniques that leverage mechanical energy to drive chemical reactions for effective pollutant degradation.

A new study, conducted by researchers from the University of South China and North China Electric Power University, was published on August 22, 2024, in the journal Eco-Environment & Health. The research highlights how piezocatalysis, a green chemistry approach, can utilize mechanical forces like ultrasonic vibrations to degrade various organic pollutants in water.

By integrating this technology with advanced oxidation processes, the study reveals new pathways for enhanced environmental remediation, offering a low-cost, efficient, and eco-friendly solution for water treatment.

The study focuses on the application of piezocatalytic techniques using different piezoelectric materials such as ZnO, BaTiO3, and MoS2, which show remarkable efficiency in degrading pollutants like dyes, antibiotics, and other hazardous organic compounds.


																																						
    
     




																																			The process involves the conversion of mechanical energy into electrical energy, creating an internal electric field that drives redox reactions, leading to pollutant breakdown. Combining piezocatalysis with other technologies like photocatalysis further enhances pollutant degradation by increasing charge separation efficiency and extending the operational range.

Key highlights include the use of BaTiO3 nanoparticles, which demonstrated nearly complete degradation of RhB under mild mechanical conditions, and MoS2, which effectively utilize water flow to drive self-powered piezocatalytic reactions.

The study also discusses the modification strategies for enhancing piezoelectric performance, such as elemental doping and constructing heterojunctions to improve charge separation. These findings position piezocatalysis as a versatile tool in the sustainable management of water pollution, particularly in areas where conventional methods fall short.

Dr. Hongqing Wang, one of the study's lead researchers, stated, "Piezocatalysis represents a groundbreaking approach to water purification, utilizing readily available mechanical energy to drive chemical reactions in an eco-friendly manner. The integration of this technology with advanced catalytic processes offers a promising pathway to address global water pollution challenges.

"Our research not only demonstrates the potential of piezocatalysis but also opens new opportunities for harnessing mechanical energy from natural sources, like tidal movements, to enhance environmental remediation efforts."

The implications of this research are vast, presenting a sustainable alternative to traditional water treatment methods. Piezocatalytic techniques can be applied in various environmental settings, from wastewater treatment plants to decentralized systems in remote areas.

By harvesting mechanical energy from natural sources like wind, waves, or human activities, this technology could revolutionize pollutant management without relying on external power inputs. Moreover, its combination with other catalytic methods enhances overall efficiency, making it a crucial tool for future water purification strategies and environmental protection initiatives.


																																																					
																				
																						More information:
												Bo Liu et al, Piezocatalytic techniques and materials for degradation of organic pollutants from aqueous solution, Eco-Environment & Health (2024). DOI: 10.1016/j.eehl.2024.08.001
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Bioengineers create new substrate to study wood-decomposing enzyme
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                Kobe University bioengineer KOH Sangho was the first to be able to characterize the speed and mechanism of a molecular machine derived from fungi that allows to separate wood into its components. Having achieved this feat through the development of a new test feed, this characterization is key to improving the molecular machine and to applying it industrially to turn wood into a plethora of useful chemicals. Credit: Kobe University, modified from S. Koh et al. (2024), DOI 10.1016/j.bbrc.2024.150642
            
        

    


Researchers want to transform the natural and abundant resource wood into useful materials, and central to that is a molecular machine found in fungi that decomposes the complex raw material into its basic components.



										      
																																	A Kobe University researcher and his team were the first to come up with a test feed for the fungal molecular machine that allows them to observe its close-to-natural action, opening the door to improving it and to putting it to industrial application. The bioengineers published their results in the journal Biochemical and Biophysical Research Communications.

Biochemical engineers want to transform the abundant and renewable material wood into bioplastics, medically relevant chemicals, food additives or fuel. However, the complex structure of wood has been a major hurdle to this.

The Kobe University bioengineer Koh Sangho explains, "Wood is composed of different, chemically linked materials such as lignin and hemicellulose that first need to be separated to become available as source materials."

In other words, the wood needs shucking. Fungi have enzymes, tiny chemical machines, capable of doing that, but to improve and adapt them for industrial use, we need to understand how they work, and researchers did not have a suitable feed, or "substrate," for the enzyme to study its function.

"As a graduate student at Shinshu University, I failed to produce the typical enzymatic reaction dynamics graph we know from the textbooks using the commonly used test substrate. I even reached out to the researcher who first found the enzyme to ask what I was doing wrong, but he replied that I wasn't doing anything wrong and that my results were typical of attempts to characterize this enzyme," Koh recounts.


																																						
    
     




																																			Motivated by this, the fledgling bioengineer and his team created a new material that retains the key structural features of the enzyme's natural substrate while still being simple enough to allow chemical modification and computational simulation.

"The key to our ability to create a suitable substrate was that we had previously found another enzyme that allowed us to create very specific hemicellulose fragments that could not be produced in any other way. Only with these fragments we could chemically synthesize a suitable test substrate," says Koh about why nobody else has been able to characterize the enzyme.
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                    A schematic overview of the study's significance. Wood is composed mainly of cellulose fibers (green), hemicellulose (blue) and lignin (red), that are chemically linked to each other. A fungal enzyme (pink) can separate hemicellulose and lignin, but to do so, it needs to bind to a short chain of hemicellulose. Only by creating a test substrate that also has this short hemicellulose chain, the Kobe bioengineer KOH Sangho and his team were able to characterize the enzyme. Credit: KOH Sangho
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                    By using his tailor-made test substrate (left), the Kobe University bioengineer KOH Sangho could obtain the chemical reaction dynamics of the fungal wood-separating enzyme. Previous attempts using a simpler test substrate (right) could not obtain these dynamics. Credit: KOH Sangho, modified from S. Koh et al. (2024), DOI 10.1016/j.bbrc.2024.150642
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                    Using computational simulation, the Kobe University bioengineer KOH Sangho and his team could show that the fungal wood-separating enzyme binds to a short hemicellulose tail before separating the hemicellulose and lignin portions. Credit: KOH Sangho, modified from S. Koh et al. (2024), DOI 10.1016/j.bbrc.2024.150642 (CC BY)
                
            

        

    

Being the first team able to observe the isolated enzyme's action in a near-natural setting, they were the first to ascertain its reaction speed and affinity, essential parameters for bioengineers working on any enzyme.

Koh says, "When, as a result of using the substrate I designed, the textbook-like reaction dynamics emerged, I was really happy. With this we can finally characterize the enzyme's 'true' nature, and improve and apply it industrially, too."

Their computational simulations showed what made the difference between previous attempts and their approach: So far, researchers had focused only on the specific location within the substrate where it should be cleaved and thus the test substrate they used basically only consisted of the connecting structure.

However, Koh's newly synthesized substrate retains a short hemicellulose tail attached to the reaction site, and it turned out that it is this tail that the enzyme binds to when performing its role.

Now that the researchers are in possession of clear performance parameters and the reaction mechanism of the enzyme, they want to search for better alternatives in different fungi, and try to chemically modify the molecule to see how that affects its performance. In addition, the researchers think that their test substrate will also play a role in studying how this enzyme works together with others to separate the different components of wood.

Koh concludes, "We think this was a significant step towards the process's industrial application to the generation of useful chemicals from the abundant natural resource."


																																																					
																				
																						More information:
												Sangho Koh et al, Synthesis of a natural core substrate with lignin-xylan cross-linkage for unveiling the productive kinetic parameters of glucuronoyl esterase, Biochemical and Biophysical Research Communications (2024). DOI: 10.1016/j.bbrc.2024.150642
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Materials scientist describes new world order for glasses, liquids
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                Takeshi Egami stands at his workstation at ORNL's Spallation Neutron Source where he used novel experimental methods to propose the density wave theory. Credit: Carlos Jones/ORNL, U.S. Dept. of Energy
            
        

    


In 1543, Copernicus pitched the heliocentric idea that the Earth orbited the sun. His theory took 150 years to catch on and more than 400 years for the Vatican to officially accept it. Likewise, distinguished materials scientist Takeshi Egami has spent his career revealing the complex atomic structure of metallic glass and other liquids--sometimes sharing theories with initially resistant minds in the scientific community. However, he is willing to go the distance to bring his colleagues on board to his latest discoveries.



										      
																																	The noncrystalline, amorphous atomic structure of liquids and glasses is, quite literally, all over the place. The landscape is chaotic: disorderly atoms are scattered about like tapioca pearls in a freshly shaken boba tea.

Egami studies these materials at the Department of Energy's Oak Ridge National Laboratory and the University of Tennessee, Knoxville, or UTK. He directed the UT-ORNL Joint Institute for Neutron Sciences from 2008 to 2015. Egami and his colleagues in ORNL's Materials Science and Technology Division use neutron scattering and synchrotron X-ray to see, with increasing clarity, the structure, dynamics, transition and deformation of noncrystalline materials.

In crystalline solids, atoms bond together and are arranged in a rigid, jungle gym-like structure called a lattice. This lattice is what makes most solids--such as jewelry, refrigerators and high-rise buildings--solid.

"There's not much freedom for atoms to move around," said Egami. "A crystalline structure is like an autocracy where each atom must behave like every other atom. A liquid is like a democracy where atoms may move about more." Structural analysis is challenging since atoms are in constant disarray.

The typical method of atomic modeling is a bottom-up approach in which each atom connects with its closest neighboring atoms. This method works reliably for most solids, but bottom-up analysis of noncrystalline materials has always made Egami uneasy because of their unstable, chaotic nature.


																																						
    
     




																																			"The bottom-up approach is very self-centered, like the geocentric view of the universe where the Earth is at the center," he said. Like Copernicus, Egami has been looking for the cosmic truth about these materials his whole career.

After completing undergraduate studies in applied physics at the University of Tokyo, a doctorate in materials science from the University of Pennsylvania and postdoctoral studies at the University of Sussex and the Max Planck Institute, Egami taught at the University of Pennsylvania for 30 years. In 2003, he came to ORNL to focus on the underdeveloped field of liquid physics.

"Water itself is a major mystery," said Egami. "The classical physics of water is well understood, but there are many things about water we don't understand. It's such basic stuff, right? Life came out of that, and we don't know why."

Egami uses enigmatic metallic glass to study the structure, function and deformation of noncrystalline materials.
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                Takeshi Egami uses synchrotron X-ray and neutron scattering to see dynamic atomic correlation in liquids. Credit: Carlos Jones/ORNL, U.S. Dept. of Energy
            
        

    



Metallic glass presents itself as solid, but its disorganized atomic structure makes it technically a frozen liquid. The opaque substance is made of metal alloys--made by mixing two or more metallic elements--that are supercooled so atoms do not have a chance to organize themselves into a lattice structure.

This lack of structure makes metallic glass highly elastic, extremely strong and easy to magnetize. Since entering the marketplace in the 1970s, metallic glass has been used in products such as sporting goods, smartphones and medical devices. Still, not much is known about the source of its mechanical properties, which has limited its commercial use.


																																			For example, for all its strength, metallic glass is extremely fragile. Give a golf ball one too many whacks with a club made of it, and the club will shatter. Current theories about metallic glass cannot describe this kind of weirdness.

Egami's research has begun to suggest structural and functional behavior of noncrystalline materials that defies prevailing theory. He hopes these findings lead to changes in analysis that have a wide scientific impact.

In 2017, using synchrotron X-rays at the SPring-8 facility in Japan, Egami and his group showed, for the first time, dynamic atomic correlation in water. The correlations are measures of how much the movement of one atom is influenced by the presence of others.

"Everybody knows about these correlations, but no one had seen them before," said Egami. "Now, we can see how atoms relate in space and time, for the first time."

The journey to a new density wave theory began with Egami's uneasiness with bottom-up atomic modeling. With a wider look, his new approach began with the medium-range order--the correlation of a single atom and its surrounding atoms at a distance up to 10 times the atomic size.

"I always thought maybe there's a global way of looking at it, not just local," he said. "Why can't we look at the whole system at once?" A 2022 paper by Egami and UTK's Chae Woo Ryu described a density wave state, or ripple. Evidence of this ripple had been observed before but was interpreted as noise in the experimental data caused by X-ray scattering.'


																																						
    
     




																																			In 2019, Egami's team used a novel experimental method of liquid levitation under vacuum that removed the noise and confirmed that the ripples are real. This finding ushered in the density wave theory and a new hypothesis on the relationship between the bottom-up and top-down methods.

"Sometimes the conflict can create something totally new," said Egami. The competition between the bottom-up and top-down observations prompted Egami and colleagues to propose a new medium-range order that may hold the key to viscosity and deformation in liquids and glasses. Egami hopes these findings will shatter the metallic glass ceiling and gain traction beyond the world of the samples they were tested on.

Scientists calculate and predict electron behaviors of complex systems using density functional theory. "Chemists use this all the time because it's easier than running an experiment," said Egami. But the calculation is not ideal for materials in which electrons are strongly correlated, such as magnets or high-temperature superconductors.

Using the same approach for electrons as he used for liquids, Egami has succeeded in seeing electron correlation. "Since we can see dynamic electron correlation, we no longer need to rely on density functional theory."

The esteemed materials scientist is taking his findings on the road and has embarked on a one-man talking tour.

"I know this will take some time to catch on," he said. Although his findings have met resistance in other disciplines, he is used to it. "It's not my first rodeo," Egami said, speaking of his co-authored book that proposed--initially to great resistance--a new method of analyzing disorganized crystals.

After 10 years of persuasion, colleagues finally came around. Egami's analysis technique, detailed in Underneath the Bragg Peaks, is now standard in the field.

Regarding the proposed density wave theory and medium-range order of metallic glasses, "I'm in no hurry," Egami said. He is optimistic that his theory's acceptance will not take as long as it did for Copernicus.
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Nature-inspired patterns boost polymer toughness
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Biological systems are renowned for their ability to create strong yet resilient structures. A sea sponge, for instance, grows in layers, forming unique patterns that integrate minerals with softer regions, creating an ideal balance of strength and flexibility.



										      
																																	"Nature has a way of turning brittle materials into tough ones through intricate patterning," said Nancy Sottos, a researcher at the Beckman Institute for Advanced Science and Technology and head and Maybelle Leland Swanlund Endowed Chair in the Department of Materials Science and Engineering at the University of Illinois Urbana-Champaign. "Patterned materials often contain both stiff and soft regions, allowing them to withstand high strains without breaking while maintaining impressive strength."

A study published today in Nature describes how Sottos and her colleagues used frontal polymerization, a process which uses heat to trigger a chemical reaction that forms polymers, to replicate nature's approach.

In a 2021 study, Sottos and her colleagues established frontal polymerization as a reliable method to manufacture biologically inspired polymer materials. Now, their novel technique builds on this by allowing for the controlled formation of crystalline patterns in those materials, significantly enhancing toughness and durability.

"Nature captivates us with spontaneous patterns formed through dissipating processes, yet in the world of synthetic materials, we typically rely on precise, controlled methods to create structure," said Beckman researcher Jeff Moore.


																																						
    
     




																																			Moore, who is also the Stanley O. Ikenberry Research Professor and a professor emeritus of chemistry at Illinois, was pivotal in fine-tuning the chemical formulations that led to the discoveries highlighted in the paper.

"Our work demonstrates a new frontier--patterning materials without molds or milling, resulting in unique properties that arise from this added structure," he said.

By using the morphogenic manufacturing technique, the group made slight changes in the chemical reactions to achieve a crystalline pattern.

"Efforts to determine the optimal reaction conditions took several weeks to pinpoint. However, ultimately observing the spin-mode dynamics that resulted in these extraordinary changes in the patterned microstructure and material properties was a particularly gratifying experience," said lead author Justine Paul, a former Beckman Institute Graduate Fellow.

The result was a material that had regions of amorphous, or unstructured, elements, as well as crystalline solid areas. The contrast between rubbery and rock-solid materials can make a product especially resilient. Similarly, creating a new way to control the architecture of a polymer would not have been possible without interdisciplinary collaborations within the Beckman Institute.



    
    
    
        
        
    
            
            Credit: Beckman Institute for Advanced Science and Technology
  

Cecilia Leal, a professor of materials science and engineering, used X-ray scattering to reveal how polymer chains orient themselves in the patterned material. This technique highlighted the importance of deciphering holistic structure-property relationships from molecule to matter, she said.

Aerospace engineering professor Philippe Geubelle focused on the modeling of the manufacturing process, with emphasis on capturing the thermo-chemical instabilities that lead to the creation of unique heterogeneous materials.

"The close collaboration between experimentalists and modelers, and between researchers from mechanics, materials science and chemistry was instrumental to the success of this project," Geubelle said.

Sottos, Moore, Leal and Geubelle are part of the Autonomous Materials Systems Working Group at the Beckman Institute.

"This achievement required the combined expertise of an interdisciplinary team, making the collaborative environment of the Beckman Institute the perfect setting for such a breakthrough," Moore said.


																																																					
																				
																						More information:
												Nancy Sottos, Controlled patterning of crystalline domains by frontal polymerization, Nature (2024). DOI: 10.1038/s41586-024-07951-7. www.nature.com/articles/s41586-024-07951-7
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      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        Scientists unearth key clues to cuisine of resident killer whale populations
        A team led by researchers at the University of Washington and the National Oceanic and Atmospheric Administration has uncovered key information about what resident killer whale populations are eating. Researchers had long known that resident killer whales--also known as resident orcas--prefer to hunt fish, particularly salmon. But some populations thrive, while others have struggled. Scientists have long sought to understand the role that diet plays in these divergent fates.

      

      
        Invasive species are reshaping aquatic ecosystems, one lake at a time
        Freshwater ecosystems in Canada and around the world are under siege.

      

      
        Fossil site in Massachusetts reveals 320-million-year-old ecosystem
        Researchers have discovered an exceptionally preserved fossil site in Massachusetts that provides a rare glimpse into terrestrial life from over 300 million years ago. The findings, published in Nature Communications, reveal a diverse ecosystem of early land-dwelling animals and plants from a time period that has been poorly understood.

      

      
        African food future looks bright with blueprint for food security
        Countries in Sub-Saharan Africa can secure future food supplies by unlocking the potential of their people and farming systems, a new study reveals.

      

      
        Climate change means we may have to learn to live with invasive species
        Invasive species are often looked upon with suspicion.

      

      
        The mystery of human wrinkles: What do the cells say?
        A research team consisting of Professor Dong Sung Kim, Professor Anna Lee, and Dr. Jaeseung Youn from the Department of Mechanical Engineering at POSTECH has successfully recreated the structure of wrinkles in biological tissue in vitro, uncovering the mechanisms behind their formation. Their findings were published on August 19 in the journal Nature Communications.

      

      
        How do coexisting animals find enough to eat? Biologists unlock insights into foraging habits in Yellowstone
        Ecologists have long sought clarity on the dietary habits of different animal species. For scientists at Brown University and the National Park Service, it wasn't obvious how herbivores in Yellowstone National Park, who subsist on grasses, wildflowers and trees, could compete for enough of those foods to survive the winter.

      

      
        Buzz-pollinating bees shake pollen loose with rapid vibrations and biting, study shows
        Bumblebees collect pollen by various methods. Some types of flowers, such as potato plants, need tougher treatment to make them release their pollen. In these cases, the bee uses a technique called "buzz pollination" where it bites the flower's anthers and shakes them.

      

      
        Researchers uncover why cells struggle to fully change identity in reprogramming efforts
        A new study has shed light on the challenges of converting one type of specialized cell into another, a process critical for advances in regenerative medicine. Despite recent progress in the field, a key obstacle in maintaining the new identity of reprogrammed cells lies in their original DNA methylation patterns--crucial markers that define cell identity.

      

      
        First-of-its kind tool allows scientists to manipulate cells without touching them
        When studying the spread of cancer or the behavior of a virus like the one that causes COVID-19, the irony is that working with these harmful pathogens requires gentleness. Especially in the case of COVID, the particles do not survive well when making contact with surfaces. To observe a live virus and move it around, methods that make no physical contact will keep these destructive but tiny subjects alive longer, allowing more time to study them.

      

      
        Scientists discover an unexpected involvement of sodium transport in mitochondrial energy generation
        The GENOXPHOS (Functional Genetics of the Oxidative Phosphorylation System) group at the Centro Nacional de Investigaciones Cardiovasculares (CNIC) has discovered a crucial role of sodium in the generation of cellular energy.

      

      
        Genetic tracing at the Huanan Seafood market further supports COVID animal origins
        A new international collaborative study provides a list of the wildlife species present at the market from which SARS-CoV-2, the virus responsible for the COVID-19 pandemic, most likely arose in late 2019. The study is based on a new analysis of metatranscriptomic data released by the Chinese Center for Disease Control and Prevention (CDC).

      

      
        Safe-Hub: A new single nexus point for data, information and toolkits on pollinator conservation
        In an effort to increase awareness and knowledge of wild pollinators and their societal values, the Safeguard project has launched the open-source platform Safeguard Knowledge Exchange Hub: Safe-Hub. The hub aims to facilitate pollinator data and knowledge sharing, support recommendations, and co-design solutions for wild pollinator decline.

      

      
        How plants keep viruses from passing to their progeny
        Scientists have learned how plants keep viruses from being passed to their offspring, a finding that could ensure healthier crops. The discovery could also help reduce the transmission of diseases from mothers to human children.

      

      
        Convergent evolution study sheds light on how new genes arise
        Where do new genes come from? That's the question a team of biological sciences researchers from the U of A set out to answer in a new study.

      

      
        Love island: Bird's refusal to leave resort life leads to genetic change
        A little yellow-and-white bird that prefers to date its mates in an idyllic island lifestyle rather than fly to the mainland to mingle is an example of avian species evolution in action, according to new Australian research.

      

      
        Scientists seek a balance between crop production and protecting the environment
        Scientists at the USDA's Agricultural Research Service (ARS), Northern Plains Agricultural Research Laboratory (NPARL), in Sidney, Montana, completed a study that shows the use of continuous cropping systems can better sustain crop yields while reducing greenhouse gas (GHG) emissions in semi-arid regions.

      

      
        Plant pathogen battle: A tomato protein's dual role in defense and susceptibility
        Tomatoes, a staple crop worldwide, are increasingly threatened by biotic stressors such as viruses, fungi, and bacteria, with the effects worsening under climate change. These challenges lead to reduced yields and compromised nutritional quality, highlighting an urgent need for effective disease management strategies. To address these issues, scientists are intensifying efforts to understand the immune mechanisms of plants, with a focus on key regulatory proteins that influence disease resistance...

      

      
        Decoding 'Chachi' citrus: Unveiling the secrets of flavorful phytonutrients
        Citrus reticulata "Chachi" (CRC), a staple in traditional medicine and modern pharmacology, is renowned for its rich flavonoid content, which underpins its health-promoting properties. Despite its widespread use, the biosynthetic pathways and genetic controls of these beneficial compounds have remained largely uncharted.
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Scientists unearth key clues to cuisine of resident killer whale populations
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                A resident killer whale chases a coho salmon to the surface. Often killer whales will reposition and "process" their prey near the surface, prior to tearing it apart and sharing with others in its group. Image taken under NOAA permit. Credit: Candice Emmons/NOAA Fisheries
            
        

    


A team led by researchers at the University of Washington and the National Oceanic and Atmospheric Administration has uncovered key information about what resident killer whale populations are eating. Researchers had long known that resident killer whales--also known as resident orcas--prefer to hunt fish, particularly salmon. But some populations thrive, while others have struggled. Scientists have long sought to understand the role that diet plays in these divergent fates.



										      
																																	"Killer whales are incredibly intelligent, and learn foraging strategies from their matriarchs, who know where to find the richest prey resources in their regions," said Amy Van Cise, UW assistant professor of aquatic and fishery sciences, who began this study as a postdoctoral researcher with NOAA's Northwest Fisheries Science Center. "So we wanted to know: Does all of that social learning affect diet preferences in different populations of resident killer whales, or in pods within populations?"

In a paper published in the journal Royal Society Open Science, Van Cise and her colleagues report the cuisine preferences of two resident killer whale populations: the Alaska residents and the southern residents, which reside primarily in the Salish Sea and off the coast of Washington, Oregon and northern California.

The two populations show broad preference for salmon, particularly Chinook, chum and coho. But they differ in when they switch to hunting and eating different salmon species, as well as the other fish species they pursue to supplement their diets.

Southern resident killer whales are critically endangered, while other populations are growing. This new study will inform conservation efforts for resident killer whales from northern California to the Gulf of Alaska.
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                Geographic variability in the dominant prey species (>50% of sample) documented in each fecal sample included in this study. Colors represent the month each sample was collected; shapes represent the dominant prey species in that sample. Left: Geographic variability in dominant species found in samples collected from the SARKW population. Right: Geographic variability in dominant species found in samples collected from the SRKW population. Note that gut transit time is unknown, therefore samples may not have been collected in the same area where the prey were originally eaten. Credit: Royal Society Open Science (2024). DOI: 10.1098/rsos.240445
            
        

    



"We know that lack of food is one of the main threats facing the endangered southern resident killer whales," said Van Cise. "We figured that if we could compare their diet to the dietary habits of a healthy and growing population, it might help us better understand how we can steward and protect this vulnerable population."


																																						
    
     




																																			While the rivers of Alaska, British Columbia and the Pacific Northwest have historically provided resident killer whales with abundant levels of salmon, humans have recently disrupted this food supply--both directly by polluting waters and building dams that reduce salmon runs, and indirectly by generating noise pollution that interferes with hunting.

In addition, in the latter half of the 20th century, resident killer whales--particularly southern residents--were captured and penned in amusement parks, which disrupted their social structure and further reduced their numbers.

This anthropogenic impact has left its mark. While Alaska resident killer whales number in the thousands and the northern resident killer whale population is growing steadily, southern resident killer whale numbers have plateaued at approximately 75 individuals. Recent research has implicated noise pollution from cargo vessels and higher rates of pregnancy failure as factors.

For this study, the team from 2011 to 2021 collected fecal samples from both southern resident and Alaska resident killer whales at various points during the year. The researchers analyzed DNA in the fecal samples to determine what the killer whales were eating. They discovered that the summer diet of Alaska residents included more chum and coho salmon, in contrast to the Chinook-heavy summer diet of a southern resident killer whale.
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                A resident killer whale chasing a coho salmon to the surface. Image taken under permit. Credit: Candice Emmons/NOAA Fisheries
            
        

    



"Chinook are clearly an important resource for resident killer whales in any population. They're large and energy-rich, which makes them a delicious and nutritious meal," said Van Cise. "But what we've learned from the Alaska residents is that stable sources of other fishes--chum and coho salmon, even flatfishes like arrowtooth flounder--may be an important nutritional supplement helping this population thrive."


																																			In recent years the team has obtained more fecal samples outside of the summer months. Those samples revealed an unexpectedly diverse diet for resident killer whales. Sablefish, arrowtooth flounder, lingcod, Pacific halibut and big skate all feature in the diets of these whales, which were previously thought to eat salmon exclusively.

The two populations differ in the non-salmon species they choose to supplement their diet, and when they switch among species. These dietary patterns reflect a delicate balance between regional abundance of different fish species, as well as a matriarch's knowledge of reliable foraging locations.

"The survival of her family depends on whether the foraging sites she knows are reliable from year to year," said Van Cise.

In both the United States and Canada, resident killer whales have gained fame, particularly the very public plight of southern residents. The team believes that their findings and follow-up dietary studies are key to aiding their recovery.

"While protecting key populations of Chinook salmon will always be vital to supporting the recovery of the endangered southern resident killer whale population, this study has taught us that we might need to think more holistically about how we can conserve the whole ecosystem of fishes that together make up the annual diet of predator populations like this one," said Van Cise.


																																																					
																				
																						More information:
												Amy M. Van Cise et al, Spatial and seasonal foraging patterns drive diet differences among north Pacific resident killer whale populations, Royal Society Open Science (2024). DOI: 10.1098/rsos.240445
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Freshwater ecosystems in Canada and around the world are under siege.



										      
																																	Lakes, rivers, ponds and wetlands face many environmental threats, but one that is changing them most rapidly is the spread of invasive non-native species.

In recent years, there have been numerous outbreaks of invasive species in Canadian lakes. Zebra mussels continue to spread in Quebec and Manitoba. Chinese mystery snails are increasingly found in lakes in eastern Canada. Eurasian watermilfoil has spread to the maritime provinces. Meanwhile, goldfish have become superabundant in small lakes and ponds throughout the country.

Far from being isolated cases, these outbreaks are symptoms of a form of global change.

Rising invasion rates

Throughout the history of life, plants and animals have slowly dispersed through natural means to different areas of the world. However, with human assistance, species are now spreading beyond their historical ranges faster, farther and in greater numbers than ever before. They are invading ecosystems at unprecedented rates.

Freshwater ecosystems are highly prone to invasion and susceptible to human disturbances. Most non-native species are introduced through human activities or infrastructure. For example, ballast water release from cargo ships delivered more than half of all non-native species known in the Great Lakes.

The spread of species into lakes is also facilitated by canals, fish stocking, bait bucket dumping, recreational boating and pet release. Invasive aquatic plants are often snagged on the propellers and trailers of recreational boats moved between lakes; the plants themselves may carry attached zebra mussels, which can live out of water for several days during overland transport on boat trailers.

The release of aquarium pets is another driver of invasion. One study estimated that more than 10,000 fish purchased from Montreal pet stores are released into lakes and rivers annually.

Consequently, rates of invasion for freshwater ecosystems are among the highest of any habitat type and continue to increase.


																																						
    
     




																																			Highly vulnerable ecosystems

Lakes, rivers and wetlands make up about one percent of the Earth's surface area but hold nearly 10 percent of all living species, including more than half of all known fish species. This diversity is being eroded faster than that of terrestrial and coastal marine ecosystems, in part because of the impacts of invasion.

Although it can be challenging to disentangle the impacts of invasion from other human stressors, in various freshwater ecosystems the primary driver of declines of freshwater fishes has been revealed to be invasive species rather than habitat alteration.

One reason that lakes are more sensitive to invasive species is because they contain life that lack adequate defenses to a broad range of invaders. For example, non-native trout that have been stocked in historically fish-less lakes in western North America have caused declines in native frogs that have evolved without pressure to adapt to large aquatic predators.

Similarly, zebra mussels overgrow and smother the shells of native freshwater mussels, which have no evolutionary experience with such fouling organisms. Many native mussel populations in the lower Great Lakes-St. Lawrence River system and other invaded waterbodies have been decimated by the zebra mussel.


																																			Cascading consequences

Aquatic invasive species threaten fisheries, water quality, local economies and human health. These impacts can extend well beyond the invaded lake. When the predatory peacock bass invaded Lake Gatun (Panama) in the late 1960s, it wiped out small insect-eating fishes that played an important role in suppressing mosquito larvae. Consequently, the adult mosquito population around the lake exploded, which increased the risk of malaria to humans in the area.

The unauthorized introduction of lake trout in Yellowstone Lake in the United States in the 1990s fundamentally altered the lake's food web. These introduced trout caused the decline of a native fish that was a key food source for the grizzly bear, forcing the bears to shift their diet toward land mammals (juvenile elk), putting these species in turn under increasing pressure.

The European spiny waterflea, a predator that feeds on smaller zooplankton, invaded the Great Lakes through ballast water release in the 1980s and spread to inland lakes like Lake Mendota, where it attained enormous densities. Its voracious feeding caused a massive decline in native algae-eating waterfleas. The absence of these herbivores allowed phytoplankton to bloom and degrade water quality, thereby harming the aesthetic and recreational value of Lake Mendota.

In the lower Great Lakes, the filtration activities of invasive zebra and quagga mussels caused drastic increases in water clarity, which promoted excessive growth of algae on the lake bottom. When this mass of algae decomposed at the end of summer, it reduced the oxygen concentration in the bottom of the lake, creating the perfect conditions for the proliferation of botulism. The bacteria accumulated in the mussels, which allowed their toxin to be transferred to mussel predators including an invasive fish called the round goby. Thousands of fish-eating birds died after consuming toxic gobies.

These cases demonstrate the extensive impacts that invasive species can have on lakes and surrounding ecosystems.


																																						
    
     




																																			Stemming lake invasions

The Kunming-Montreal global biodiversity framework recognized "inland waters" as a distinct realm deserving conservation targets. Target 6 of the framework calls for rates of invasion to be reduced by 50 percent by 2030.

Meeting this target will require new policies to control poorly regulated vectors such as those linked to the pet trade. An emerging threat from the pet trade is the marbled crayfish, which can generate a new population from just one asexually reproducing individual. A wild population of the crayfish was discovered in Ontario ponds last year.

A significant reduction in invasion rates would lower risks of ecosystem disruption and biodiversity loss. For lakes, this can be achieved in part through responsible decisions regarding the disposal of live bait and aquarium pets, inspections of boats and fishing gear for hitchhiking organisms, and reporting newly detected non-native species.

Stakeholder education is also essential. The same citizens whose livelihoods and well-being are affected by lake invasions can play an unwitting role in spreading invasive species.

Engagement involving the public, scientists, industry and government can help reach the Kunming-Montreal target. Fortunately, the Great Lakes offers an encouraging case study as an ecosystem whose invasion rate has been reduced as a result of stakeholders working together to develop and enforce an effective regulation to control ballast water invasions.
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Fossil site in Massachusetts reveals 320-million-year-old ecosystem
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                Study author Richard Knecht at the fossil site. Credit: Richard Knecht / Harvard University
            
        

    


Researchers have discovered an exceptionally preserved fossil site in Massachusetts that provides a rare glimpse into terrestrial life from over 300 million years ago. The findings, published in Nature Communications, reveal a diverse ecosystem of early land-dwelling animals and plants from a time period that has been poorly understood.



										      
																																	The fossil site, called Lantern North, dates to approximately 320-318 million years ago during the early Pennsylvanian period and is located in the Wamsutta Formation of eastern North America. This predates many well-known fossil sites from the Coal Age. Researchers uncovered body and trace fossils of over 130 different species, including early reptiles, amphibians, arachnids, insects, and an array of plant fossils. Many represent some of the oldest known examples of their groups.

The site preserves not just body fossils, but also footprints, burrows, and other trace fossils that provide insight into animal behaviors and interactions. Evidence was also found of some of the earliest known insect behaviors, including oviposition (egg-laying) and plant galling. This pushes back the fossil record for these activities by millions of years.

The ecosystem represents a drier, upland environment compared with the coal swamps typically preserved from this time period. This provides new perspectives on early terrestrial biodiversity.
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                Palaeogeography of the Wamsutta Formation and Comparisons of Carboniferous Terrestrial Lagerstatten. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-52181-0
            
        

    



"This site gives us an unprecedented look at a terrestrial ecosystem from a crucial time in the evolution of life on land," said lead author Richard Knecht, a Griffin Graduate School of Arts and Sciences student in the Department of Organismic and Evolutionary Biology. "We're seeing evidence of complex plant-insect interactions and some of the earliest appearances of major animal groups that went on to dominate terrestrial habitats."


																																						
    
     




																																			The Wamsutta Formation represents deposition in seasonally wet, forested alluvial fan environments near the paleoequator. This setting contrasts with the swampy coal-forming environments that produced most fossil sites of similar age.

"The exceptional preservation of delicate impressions and traces allows us to reconstruct behaviors and ecology in ways not usually possible with body fossils alone," said co-author Jacob Benner of the University of Tennessee. "We can see how these early terrestrial communities functioned as integrated ecosystems."

The researchers note that continued study of the site has potential to reveal even more about the origins and early evolution of major animal and plant groups and their interactions. The findings demonstrate the importance of exploring fossil sites beyond the typical swamp environments of the Coal Age to gain a fuller picture of ancient terrestrial ecosystems.


																																																					
																				
																						More information:
												Richard J. Knecht et al, Early Pennsylvanian Lagerstatte reveals a diverse ecosystem on a subhumid, alluvial fan, Nature Communications (2024). DOI: 10.1038/s41467-024-52181-0
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African food future looks bright with blueprint for food security
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Countries in Sub-Saharan Africa can secure future food supplies by unlocking the potential of their people and farming systems, a new study reveals.



										      
																																	Sub-Saharan Africa faces several challenges impacting agricultural productivity and food security--including climate change, inadequate infrastructure, conflict, and limited access to modern technology.

But researchers have created a blueprint for future food security across the region, which builds on assets that can be used to enhance food system resilience--these assets include abundant agricultural resources, genetic diversity, and a youthful population.

Publishing their findings in Food and Energy Security, experts from the University of Birmingham and the Ethiopian Institute of Agricultural Research, in Addis Ababa, have identified a series of key factors which will help to build food resilience.

Co-author Dr. Helen Onyeaka, from the University of Birmingham, commented, "Sub-Saharan Africa faces many obstacles, but there are several drivers of food resilience that offer hope for a brighter future and greater food security across the region.

"Several key strategies will help to boost resilience. These include diversifying suppliers, empowering local farmers, promoting sustainable practices, and investing in education and training--reducing reliance on external sources and improving self-sufficiency.


																																						
    
     




																																			"By leveraging abundant agricultural resources, genetic diversity, and a youthful population, Sub-Saharan Africa can transform its food systems and enhance self-sufficiency."

The proposed blueprint for future food resilience creates a comprehensive approach to building resilience in the region's food systems--focusing on local empowerment, sustainable practices, and technological integration:


	Technology: Digital tools and data-driven approaches can provide valuable insight and enhance efficiency in agricultural practices.

	Resilience: Boosting food system resilience including diversifying suppliers, empowering local farmers, and reducing reliance on external sources.

	Education: Farmer training initiatives and educational programs can build local capacity--equipping communities with sustainable agricultural practices.

	Collaboration: Governments, NGOs, private sectors, and local communities must work together to bridge gaps in capacity and disseminate best practices.



The researchers note that obstacles including climate change, inadequate infrastructure, and limited access to resources combine with rising urbanization and population growth to increase food insecurity. Climate variability affects crop yields and livestock production--emphasizing the urgent need for adaptive strategies.


																																																					
																				
																						More information:
												Solomon Abate Mekonnen et al, Building resilience in Sub-Saharan Africa's food systems: Diversification, traceability, capacity building and technology for overcoming challenges, Food and Energy Security (2024). DOI: 10.1002/fes3.563
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Invasive species are often looked upon with suspicion.



										      
																																	From non-native "weeds" to insects and aquatic invaders, introduced (or non-native) species continue to be misunderstood--and consequently often mismanaged.

Stated plainly, the vast majority of intentionally or unintentionally introduced species are not a threat to native ecosystems.

Governments and conservation organizations spend an enormous amount of their time and funding targeting the control of invasive species. Yet, most introduced species removal efforts are ineffective, time-consuming and usually unsuccessful in the long term.

Certainly, some invasive species--such as the zebra mussel or the emerald ash borer--can pose a threat to native habitats and efforts to control their spread are worthwhile. However, the vast majority of introduced species pose no danger at all to native ecosystems and in some cases can even provide new benefits.

Simply put, an over-fixation on demonizing "invasive" species, and controlling their spread, is ultimately futile and limits our understanding.


																																						
    
     




																																			Unspoken positives

Contemporary conservation practice is complex and biased against introduced species with a focus on maintaining ecosystems as they were. This policy and practice, while well-meaning, is leading us to underestimate the positive roles that introduced species can play in maintaining ecosystem resiliency.

At worst, these policies can even have unintended negative consequences for our ecosystems.

For example, herbicide treatments designed to cull invasive plants have affected butterfly populations by unintentionally killing off native plants. What's more, some invasive species can aid local ecosystems by helping to filter the air and water of contaminants, and some introduced species can be more drought-tolerant than native species in a world of increasingly human-modified climate extremes.

More fundamentally, "fortress" conservation policies are likely ultimately futile. Introduced plants are here to stay and are already highly adapted to local habitats, making their eradication challenging and perhaps even counter-productive to overall ecosystem health.

Increasing evidence suggests that some introduced species may even be more likely to adapt to certain climate extremes than native plants in that area.

Finally, introduced plants often differ in their characteristics from native plants, meaning they can provide new roles or replace the roles formerly served by native plants. For example, the introduced Siberian elm has adapted well to river areas that are now too dry for native elms. The introduced elm has been found to contribute similar roles in the community, like photosynthesis and providing wildlife habitats.

All this means that introduced plants could be well-placed to support, or even buffer, current ecosystems as they undergo transitions due to climate change.


																																			Moving forward

The reality is that the role of introduced plants in ecological communities is complex, and in a changing climate, we need to rethink the complete eradication of introduced plants in our landscapes.

To move the needle on this challenge, scientists need to better understand cases where introduced plants have the potential to contribute to our ecosystems. Through regular study, monitoring and a holistic ecosystem-wide viewpoint, we can prioritize which introduced plants we need to try to remove and which we may be able to leave. Or, indeed, whether supplemental additions of native (or introduced) species may be needed in a particular case.

Subjectively, we as a society need to decide how to weigh the relative importance of competing aspects of ecosystem functions over others.

In the deciduous forests of the eastern United States, introduced shrub and liana species have increased carbon sequestration, although they've also reduced the abundance of flowering plants.

In another example, the introduced humulus japonicus vine in river habitats in southern France reduced vine diversity but increased height of the plants, resulting in more photosynthesis.

How we weigh the various pros and cons is as much a cultural and philosophical question as it is purely scientific.


																																						
    
     




																																			Managing introduced plants

I am not suggesting that introduced plants do not have negative impacts on our ecosystems. Nor that we should abandon our efforts to mitigate serious problems caused by some introduced species or that governments should stop trying to prevent potentially harmful species from entering their jurisdictions.

Rather, I urge conservation practitioners and policymakers to organize and prioritize the management and restoration of habitats based on the net benefit (or harm) of a species to an ecological community, instead of on the origin of the species.

Restoration plans could also better consider the potential ramifications of introduced species removal on the community. For example, legumes which are a source of high quality pollen for bees and nitrogen for the plant community, are often removed in tallgrass prairies.

In this changing climate, we need a more inclusive view of biological diversity that includes all species. What if some of our introduced plants are part of the solution and not the problem?


																																																					
																					
																					
                              																					 
												  This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
											 

										                                        
										
										
											 
												Citation:
												Climate change means we may have to learn to live with invasive species (2024, September 19)
												retrieved 19 September 2024
												from https://phys.org/news/2024-09-climate-invasive-species.html
											 

											 
											 This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
											 part may be reproduced without the written permission. The content is provided for information purposes only.
											 

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-09-climate-invasive-species.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



The mystery of human wrinkles: What do the cells say?
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                Image of wrinkled epithelium on the ECM hydrogel layer in response to compression. Credit: POSTECH
            
        

    


A research team consisting of Professor Dong Sung Kim, Professor Anna Lee, and Dr. Jaeseung Youn from the Department of Mechanical Engineering at POSTECH has successfully recreated the structure of wrinkles in biological tissue in vitro, uncovering the mechanisms behind their formation. Their findings were published on August 19 in the journal Nature Communications.



										      
																																	While wrinkles are often associated with skin aging, many organs and tissues, including the brain, stomach, and intestines, also have distinct wrinkle patterns. These structures play a key role in regulating cellular states and differentiation, contributing to the physiological functions of each organ.

Understanding how biological tissues fold and form wrinkles is vital for understanding the complexity of living organisms beyond cosmetic concerns. This knowledge can be central to advancing research in areas such as skin aging, regenerative therapies, and embryology.

Despite the significance of biological wrinkle structures, much of the research in this area has relied on animal models including fruit flies, mice, and chickens, due to limitations in replicating wrinkle formation in vitro. As a result, the detailed processes behind wrinkle formation in living tissue remain largely unknown.

Professor Dong Sung Kim's team addressed this limitation by developing an epithelial tissue model composed solely of human epithelial cells and extracellular matrix (ECM). By combining this model with a device capable of applying precise compressive forces, they successfully recreated and observed wrinkle structures in vitro that are typically seen in the gut, skin, and other tissues in vivo.



    
        
            [image: The mystery of human wrinkles: What do the cells say?]
             
                Schematics of an epithelial bilayer and its folded structures. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-51437-z
            
        

    



This breakthrough allowed them, for the first time, to replicate both the hierarchical deformation of a single deep wrinkle caused by a strong compressive force and the formation of numerous small wrinkles under lighter compression.

The team also discovered that factors such as the porous structure of the underlying ECM, dehydration, and the compressive force applied to the epithelial layer are crucial to the wrinkle formation process. Their experiments revealed that compressive forces deforming the epithelial cell layer caused mechanical instability within the ECM layer, resulting in the formation of wrinkles.


																																						
    
     




																																			Additionally, they found that dehydration of the ECM layer was a key factor in the wrinkle formation process. These observations closely mirrored the effects seen in aging skin where dehydration of the underlying tissue layer leads to wrinkle development, providing a mechanobiological model for understanding wrinkle formation.

Professor Dong Sung Kim said, "We have developed a platform that can replicate various wrinkle structures in living tissue without the need for animal testing. This platform enables real-time imaging and detailed observation of cellular and tissue-level wrinkle formation, processes that are difficult to capture in traditional animal models. It has wide-ranging applications in fields such as embryology, biomedical engineering, cosmetics, and more."


																																																					
																				
																						More information:
												Jaeseung Youn et al, Tissue-scale in vitro epithelial wrinkling and wrinkle-to-fold transition, Nature Communications (2024). DOI: 10.1038/s41467-024-51437-z
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                Bison are seen grazing in a meadow in early winter at Yellowstone National Park. Credit: Bethan Littleford-Colquhoun.
            
        

    


Ecologists have long sought clarity on the dietary habits of different animal species. For scientists at Brown University and the National Park Service, it wasn't obvious how herbivores in Yellowstone National Park, who subsist on grasses, wildflowers and trees, could compete for enough of those foods to survive the winter.



										      
																																	Over two years, with the aid of cutting-edge molecular biology tools and GPS tracking data, the researchers were able to determine not only what herbivores in Yellowstone eat, but also what strategies the animals use to find food throughout the year. The team published its findings in Royal Society Open Science.

"In Yellowstone, we know vegetation changes across seasons, but until now, we didn't know how these seasonal changes influenced what animals eat or how they sustained themselves when options were limited," said lead study author Bethan Littleford-Colquhoun, a postdoctoral research associate at Brown.

"It turns out that while species eat similar categories of food, their diets differ from one another in cryptic and nuanced ways. And an animal's body size plays an important role in how this is achieved."

For decades, ecologists have debated how wildlife should confront challenges with their food supplies, said co-author Tyler Kartzinel, an associate professor of ecology, evolution and organismal biology at Brown.

Some experts argue that animals should diversify their diets to satisfy their taste preferences when they have the most freedom to select their favorite foods in summer, Kartzinel said. Others have posited that animals should diversify what they eat when they're forced to accept whatever happens to be available--such as in a hard winter when they may have to compete for even undesirable foods to survive.

"These opposing predictions couldn't both be true, so it wasn't at all clear how Yellowstone's assemblage of herbivore species--with such a diversity of foraging behaviors--could succeed in finding enough food throughout the year," Kartzinel said.


																																						
    
     




																																			Seasonal specialization

For the study, the researchers used two years of GPS tracking and dietary DNA data to elucidate dietary variation across times of resource limitation and resource abundance for five of Yellowstone's best-known species: bison, elk, deer, bighorn sheep and pronghorn antelope.
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                Seasonal diet changes at levels spanning herds, species and communities. Credit: Royal Society Open Science (2024). DOI: 10.1098/rsos.240136
            
        

    



Scientists and staff at Yellowstone tracked the animals. Researchers at Brown, many of them undergraduate students overseen by Littleford-Colquhoun, analyzed fecal samples using a sophisticated molecular technique called metabarcoding, which helped to identify what foods the animals had consumed.

They found that all species capitalized on the seasonal abundance of wildflowers in summer, and that each species consolidated its foraging efforts around the subset of plant types that it was best prepared to compete for in winter. But the researchers discovered that feeding behaviors depended on the animal's body size.

Members of the smallest species, such as deer and sheep, tended to fan out across summer meadows and dramatically expanded their diets before gathering in protected valleys where they survived the winter on leftover plants, according to the study. Larger animals like bison tended to do the opposite: In the winter, they were large enough to avoid competing for dwindling resources, so they instead ventured out into deep snow to find unique food reserves inaccessible to smaller deer and sheep.


																																			"The study showed that these species can feed far more adaptably than anyone had previously assumed," Littleford-Colquhoun said. "All species switch the ways they search for food, but the opportunities an individual bison has to fuel its migration or survive a hard winter might only work for it because it's big. Meanwhile, other species might need to group together for protection in winter because they're small."

So when should animals search for unique foods to diversify their diets--summer or winter? Kartzinel said it depends on the kind of animal.

"Because of the variety of ways animals behaved in our study, we learned that both hypotheses about how animals fuel their migrations were right, but in different ways and at different times," Kartzinel said.

"So the question that biologists should have been bickering about for the past generation shouldn't have been, 'Which foraging strategy is right?' but rather, 'When does each strategy work best for a given group of animals?'"

Kartzinel hopes the more nuanced insights about foraging behavior will help scientists take a more customized approach to wildlife conservation.

"If we want to help wildlife populations thrive," Kartzinel said, "we should be maintaining a diversity of habitats and plant resources across their migratory corridors so that many animals, each with their own preferences, personalities and needs, can find what's best to fuel their journey."


																																																					
																				
																						More information:
												Bethan L. Littleford-Colquhoun et al, Body size modulates the extent of seasonal diet switching by large mammalian herbivores in Yellowstone National Park, Royal Society Open Science (2024). DOI: 10.1098/rsos.240136
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                Bumblebees collect pollen both as food for themselves and for their larvae. Credit: Marcus Holmqvist
            
        

    


Bumblebees collect pollen by various methods. Some types of flowers, such as potato plants, need tougher treatment to make them release their pollen. In these cases, the bee uses a technique called "buzz pollination" where it bites the flower's anthers and shakes them.



										    
																					Charlie Woodrow, postdoctoral fellow at the Department of Ecology and Genetics, has been studying how this works in detail and has made new discoveries. The work is published in the journal Current Biology.

"Instead of brushing the pollen straight from the flower, the bumblebee uses the muscles in its thorax, which it uses for flight, and contracts these very quickly, which causes the bee to vibrate. As it does so, it shakes the pollen out of flowers with tube-shaped geometry. How rapidly the muscles vibrate and how loud the vibrations are affects how much pollen is released," Woodrow says.


    
    
    
        
        
    
         
             
         

        Credit: Uppsala University
  


Intense buzzing sound

Bumblebees need pollen both as food for themselves and for their larvae. During buzz pollination, they make an intense buzzing sound. In the new study, researchers used high-speed cameras to see in detail how this happens.

"We recently found that these vibrations are actually transmitted from the muscles of the thorax to the head of the bumblebee, and when this happens the head moves backwards and forwards up to 400 times the acceleration of gravity. So these are really fast movements.

"As the bee does this, it bites onto the flower. This allows the pollen to be released really rapidly compared to normal brushing of pollen from the flower or vibrations transmitted straight from the muscles themselves."


																														
																				
																						More information:
												Charlie Woodrow et al, Buzz-pollinating bees deliver thoracic vibrations to flowers through periodic biting, Current Biology (2024). DOI: 10.1016/j.cub.2024.07.044
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Researchers uncover why cells struggle to fully change identity in reprogramming efforts
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A new study has shed light on the challenges of converting one type of specialized cell into another, a process critical for advances in regenerative medicine. Despite recent progress in the field, a key obstacle in maintaining the new identity of reprogrammed cells lies in their original DNA methylation patterns--crucial markers that define cell identity.



										      
																																	The study, now published in Proceedings of the National Academy of Sciences, was led by Professors Yosef Buganim and Howard Cedar from Hebrew University and Professor Ben Stanger from Pennsylvania University.

Cellular reprogramming, often achieved through a process known as trans-differentiation, allows scientists to transform cells into different types, such as turning skin cells into heart cells. While these transformations initially appear successful, the newly reprogrammed cells frequently fail to maintain their new identity over time.

The result? Cells that behave only partially like the target cell type, limiting their use in long-term treatments or therapeutic applications.

To better understand this issue, the researchers developed a novel approach to analyze changes in DNA methylation during cell conversion. DNA methylation is a chemical process that helps regulate which genes are active in a cell, serving as a sort of cellular memory that locks in a cell's identity.

By studying various models of direct cell conversion in both lab-grown cells and animal tissues, the team discovered that, although the cells may begin to look and act like their new type, they retain their original DNA methylation patterns.

"Despite significant changes in gene expression, the reprogrammed cells are unable to fully erase their original developmental instructions. This limits their ability to fully embrace their new role," explained Professor Buganim.


																																						
    
     




																																			The study suggests that the developmental constraints embedded in the regulatory regions of DNA prevent cells from resetting these patterns. As a result, reprogrammed cells fall short of becoming fully functional versions of their intended type.

"This discovery opens up new avenues in understanding the molecular barriers to complete cellular reprogramming," added Professor Cedar. "It also brings us one step closer to figuring out how to overcome these roadblocks, which could have significant implications for future medical applications, including tissue regeneration and disease modeling."

These findings mark an important step in the field of cellular reprogramming, offering crucial insights into how to achieve stable and functional cell transformations for future cell-based therapy.


																																																					
																				
																						More information:
												Ahmed Radwan et al, Transdifferentiation occurs without resetting development-specific DNA methylation, a key determinant of full-function cell identity, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2411352121
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                Schematic illustrating the mechanism of acousto-dielectric tweezers. Credit: Science Advances (2024). DOI: 10.1126/sciadv.ado8992
            
        

    


When studying the spread of cancer or the behavior of a virus like the one that causes COVID-19, the irony is that working with these harmful pathogens requires gentleness. Especially in the case of COVID, the particles do not survive well when making contact with surfaces. To observe a live virus and move it around, methods that make no physical contact will keep these destructive but tiny subjects alive longer, allowing more time to study them.



										      
																																	Virginia Tech Assistant Professor Zhenhua Tian has established an approach using two kinds of energy to move microparticles, offering novel applications in diagnosing, treating, and preventing the spread of diseases.

Combining acoustic waves with electric fields, Tian and his team created a new microscopic device that can precisely capture and manipulate small particles in a contactless manner. Their work has been published in Science Advances.

"This is the first study of its kind," Tian said. "Others, including my team, have demonstrated the way that acoustic waves can control particles. Electrical fields have also been widely used to do the same thing. This is the first study that combines the two."

Wave on wave

Tian and his research team combined two forms of energy for this first-of-its-kind technique. The first is acoustic energy using standing waves. These acoustics are outside the range of sound that can be heard by humans, and they are engineered to travel along flat surfaces of small chips equipped with tiny acoustic emitters.

The sound energy moves like the energy of an earthquake but at a much smaller scale. Though invisible, ultrasound waves are typically visualized as something like mountains and valleys. How frequently this up-and-down pattern occurs is called its frequency.

For this project, Tian's team emitted two waves of different frequencies, crossing one another. When the waves cross, their overlap creates grid-like energy patterns composed of many energy valleys, called acoustic wells.

When microparticles encounter these wells, they are trapped and settle at the center. This is where they stay--protected enough to be studied--until another force is introduced. Electrical fields provide the second force.
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                (From left) Postdoctoral Associate Liang Shen and Assistant Professor Zhenhua Tian use a microscope to observe the device they created to cross acoustic waves with electrical fields. Credit: Alex Parrish, Virginia Tech
            
        

    





																																						
    
     




																																			Electric fields in acoustic wells

To control the movements of particles within acoustic wells, another kind of energy is needed. That's where electrical fields enter the picture.

Where acoustic waves move in mountains and valleys, electrical fields can be generated by using microscopic electrodes. By overlapping an electrical field with an acoustic well, Tian's team was able to precisely move the microparticles trapped in the well. Instead of remaining immobilized at the center of the well, the force induced by the electric field allows them to move around the well's center.

Additionally, the crossing of acoustic waves creates more than one well, resulting in an almost invisible egg carton shape. The wells are distributed in a grid pattern, allowing multiple particles to be captured at the same time. When electrical fields are used to move the particles within them, each particle can be controlled separately, setting the stage for complex movement.

Working in the waves

The applications of this technology are numerous. Researchers working at the microscale will have fresh options for ways to perform their work, and the ability to handle material that is delicate, like virus particles, opens new doors.

"We envision using this method to solve many different problems," Tian said.

"Researchers who want to precisely manipulate cells and test their interaction with one another, such as interactions between white blood cells and cancer cells, can do so without the cells touching anything but one another. If you want to study how a virus like COVID invades a cell, you could apply this method to bring them together or control their distance."


																																																					
																				
																						More information:
												Liang Shen et al, Acousto-dielectric tweezers enable independent manipulation of multiple particles, Science Advances (2024). DOI: 10.1126/sciadv.ado8992
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Scientists discover an unexpected involvement of sodium transport in mitochondrial energy generation

										 by 										 Centro Nacional de Investigaciones Cardiovasculares Carlos III (F.S.P.)									
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                Modular structure of mitochondrial complex I, with the N-module in green, the Q-module in yellow, and the P-module in red. Credit: CNIC
            
        

    


The GENOXPHOS (Functional Genetics of the Oxidative Phosphorylation System) group at the Centro Nacional de Investigaciones Cardiovasculares (CNIC) has discovered a crucial role of sodium in the generation of cellular energy.



										      
																																	The study, led by Dr. Jose Antonio Enriquez, also involved the participation of scientists from the Complutense University of Madrid, the Biomedical Research Institute at Hospital Doce de Octubre, the David Geffen School of Medicine at UCLA, and the Spanish research networks on frailty and healthy aging (CIBERFES) and cardiovascular disease (CIBERCV).

The study, published in Biochimica et Biophysica Acta (BBA) - Bioenergetics, reveals that respiratory complex I, the first enzyme of the mitochondrial electron transport chain, possesses a hitherto unknown sodium transport activity that is crucial for efficient cellular energy production.

The discovery of this activity provides a molecular explanation for the origin of the neurodegenerative disease Leber's hereditary optic neuropathy (LHON).

First described in 1988, LHON is linked to defects in mitochondrial DNA and is the most frequent mitochondrially inherited disease in the world. The new study shows that the hereditary optic neuropathy in LHON is caused by a specific defect in the transport of sodium and protons by complex I.

According to the chemiosmotic hypothesis, mitochondrial synthesis of ATP--the main source of cellular energy--is driven by an electrochemical gradient of protons across the inner mitochondrial membrane.


																																						
    
     




																																			The hypothesis was first proposed by Peter Mitchell in 1961 and won him a Nobel Prize in 1978. But since then, the model has remained substantially unchanged. Now, the results of the new study show that this process also involves the transport of sodium ions, a possibility not considered before.

Led by CNIC scientists Jose Antonio Enriquez and Pablo Hernansanz, the research team used an array of mutants and diverse genetic models to demonstrate that mitochondrial complex I exchanges sodium ions for protons, thus generating a gradient of sodium ions that parallels the proton gradient. This sodium gradient accounts for as much as half of the mitochondrial membrane potential and is essential for ATP production.

Dr. Enriquez explained, "Sodium-proton transport activity was lost when we eliminated complex I in mice, but was maintained when we eliminated complex III or complex IV, confirming that sodium-proton transport is directly affected by the lack of complex I function."

Through these experiments, the researchers were able to demonstrate that while the two complex I functions (hydrogenase activity and sodium-proton transport) are independent of each other, both are essential for cell function.

Pablo Hernansanz said, "Our results demonstrate that mitochondria have a sodium-ion reservoir that is essential for their function and for resisting cellular stress," while Jose Antonio Enriquez emphasized that the regulation of this mechanism is an essential feature of mammalian biology.

Discussing possible treatments for LHON, Jose Antonio Enriquez commented that while drugs are available that successfully replicate sodium transport across the inner membrane of isolated mitochondria, clinical use of these drugs is hindered by their toxic secondary effects on sodium transport in the cell membrane.

"The challenge now is to design drugs that act specifically in mitochondria without affecting other parts of the cell," said Dr. Enriquez.

The researchers also believe that defects in sodium-proton transport may play a role in other, more frequent neurodegenerative diseases such as Parkinson's, in which an involvement of complex I has been detected.


																																																					
																				
																						More information:
												Pablo Hernansanz-Agustin et al, A transmitochondrial sodium gradient controls membrane potential in mammalian mitochondria, Biochimica et Biophysica Acta (BBA) - Bioenergetics (2024). DOI: 10.1016/j.bbabio.2024.149326
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Genetic tracing at the Huanan Seafood market further supports COVID animal origins

										

    
        
            [image: covid-19]
             
                Credit: CC0 Public Domain
            
        

    


A new international collaborative study provides a list of the wildlife species present at the market from which SARS-CoV-2, the virus responsible for the COVID-19 pandemic, most likely arose in late 2019. The study is based on a new analysis of metatranscriptomic data released by the Chinese Center for Disease Control and Prevention (CDC).



										      
																																	The data come from more than 800 samples collected in and around the Huanan Seafood Wholesale market beginning on January 1, 2020, and from viral genomes reported from early COVID-19 patients. The research appears September 19 in the journal Cell.

"This is one of the most important datasets that exists on the origin of the COVID-19 pandemic," says co-corresponding author Florence Debarre of the French National Center for Scientific Research (CNRS). "We're extremely grateful that the data exist and were shared."

"This paper adds another layer to the accumulating evidence that all points to the same scenario: that infected animals were introduced into the market in mid- to late November 2019, which sparked the pandemic," says co-corresponding author Kristian Andersen of Scripps Research.

"We have analyzed, in new and rigorous ways, the vitally important data that the Chinese CDC team collected," says co-corresponding author Michael Worobey of the University of Arizona. "This is an authoritative analysis of that data and how it fits in with the rest of the huge body of evidence we have about how the pandemic started."

On January 1, 2020, after the animals were removed and just hours after the market was closed, investigators from the Chinese CDC went to the market to collect samples. They swabbed the floors, walls, and other surfaces of the stalls; they came back days later to focus on surfaces in stalls selling wildlife, such as a cage and carts used to move animals, and then also collected samples from the drains and sewers.


																																						
    
     




																																			They performed metatranscriptomic sequencing of the samples, a technique aiming to obtain all RNA sequences (and which can pick up DNA as well) from all organisms present in the samples--viruses, bacteria, plants, animals, humans. The Chinese CDC team, led by Liu Jun, published their data and results in 2023 in the journal Nature.

However, the article left unresolved the exact identities of the animal species found in the data that could represent plausible intermediate hosts. The Chinese CDC shared their sequencing data on public and open repositories.

According to the latest analysis of the data being published in Cell, SARS-CoV-2 was present in some of the same stalls as wildlife sold at the market--including raccoon dogs (small fox-like animals with markings similar to raccoons) and civet cats (small carnivorous mammals related to mongooses and hyenas).

In some cases, genetic material from the SARS-CoV-2 virus and these animals was even found on the same swabs. The exact animal species were identified by genotyping their mitochondrial genomes in the samples.

"Many of the key animal species had been cleared out before the Chinese CDC teams arrived, so we can't have direct proof that the animals were infected," Debarre says. "We are seeing the DNA and RNA ghosts of these animals in the environmental samples, and some are in stalls where SARS-CoV-2 was found too. This is what you would expect under a scenario in which there were infected animals in the market."


																																			"These are the same sorts of animals that we know facilitated the original SARS coronavirus jumping into humans in 2002," Worobey adds. "This is the most risky thing we can do--take wild animals that are teeming with viruses and then play with fire by bringing them into contact with humans living in the heart of big cities, whose population densities make it easy for these viruses to take hold."

The international team also performed evolutionary analysis of the earliest viral genomes reported in the pandemic, including these environmental sequences, and inferred the most likely progenitor genotypes of the virus that infected humans and led to the COVID-19 pandemic.

The results imply that there were very few, if any, humans infected prior to the market outbreak. This is consistent with spillovers from animals to humans within the market. There may also have been spillovers of limited impact in the immediate upstream animal trade.

"In this paper, we show that the sequences linked to the market are consistent with a market emergence," Debarre says. "The main diversity of SARS-CoV-2 was in the market from the very beginning."

The new study landed on a short list of animal species in the wet market found co-occurring or close to viral samples that could represent the most likely intermediate hosts for SARS-CoV-2. The common raccoon dog, a species susceptible to SARS-CoV-2 and that carried SARS-CoV in 2003, was found to be the most genetically abundant animal in the samples from market wildlife stalls.


																																						
    
     




																																			Genetic material from masked palm civets, which were also associated with the earlier outbreak of SARS-CoV, was also found in a stall with SARS-CoV-2 RNA. Other species such as the Hoary bamboo rat and Malayan porcupines were also found to be present in SARS-CoV-2-positive samples, as well as a multitude of other species.

While the data cannot prove whether one or more of these animals may have been infected, the team's analyses provide a clear list of the species that most plausibly could have carried the virus and genetic information that could be used to help trace where they originated.

The investigators stress the importance of understanding the origins of the COVID-19 pandemic, especially in light of other recent spillovers, such as the spread of avian flu viruses in cattle in the United States. "There has been a lot of disinformation and misinformation about where SARS-CoV-2 originated," Worobey says.

"The reason it's so important to find out is that this affects national security and public health, not just in the United States but around the world. And the truth is, since the pandemic started more than four years ago, although there has been an increased focus on lab safety, not much has been done to decrease the chance of a zoonotic scenario like this happening again."


																																																					
																				
																						More information:
												Genetic tracing of market wildlife and viruses at the epicenter of the COVID-19 pandemic, Cell (2024). DOI: 10.1016/j.cell.2024.08.010. www.cell.com/cell/fulltext/S0092-8674(24)00901-2
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Safe-Hub: A new single nexus point for data, information and toolkits on pollinator conservation
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                Safeguard Knowledge Exchange Hub (Safe-Hub) - an integrative platform facilitating access to new and exciting knowledge on pollinators at national and European levels. Credit: https://safeguard-pollinators.eu
            
        

    


In an effort to increase awareness and knowledge of wild pollinators and their societal values, the Safeguard project has launched the open-source platform Safeguard Knowledge Exchange Hub: Safe-Hub. The hub aims to facilitate pollinator data and knowledge sharing, support recommendations, and co-design solutions for wild pollinator decline.



										    
																					Shaped by the findings of Safeguard and other relevant pollinator projects, networks and initiatives, Safe-Hub navigates harmonized and standardized data on pollinator health, monitoring, distribution, and conservation, along with newly developed and existing data and tools.

It offers various tools and resources, such as pollinator species distribution maps, general information about pollinators, a knowledge library, main Safeguard outputs, links to relevant initiatives and educational materials, an events calendar, and many more.

This aims to establish an integrative platform that facilitates access to currently fragmented knowledge on pollinators at national and European levels, which is expected to expand with more resources over the next years.

This launch coincides with the third anniversary of the Safeguard project, which aims to reverse wild pollinator decline. Using state-of-the-art models to identify emerging threats, consortium members work with stakeholders to develop and test new approaches that benefit pollinators from field to landscape scales across agricultural, natural and urban systems.

Safeguard is working on creating an integrated assessment framework and tools that incorporate multiple types of evidence to prevent pollinator decline and direct mitigation strategies at the local, national and EU levels. All Safeguard outputs and other innovative knowledge from external resources will be added to the Safe-Hub when available.
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How plants keep viruses from passing to their progeny
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                Immunofluorescence detection of cucumber mosaic virus in arabidopsis seeds. Credit: Shou-Wei Ding/UCR
            
        

    


Scientists have learned how plants keep viruses from being passed to their offspring, a finding that could ensure healthier crops. The discovery could also help reduce the transmission of diseases from mothers to human children.



										      
																																	Plant viruses are often able to spread from one country to another through the seed trade. As a result, parent-to-progeny disease transmission is of global concern.

"Viruses can hide in seeds for years, making this one of the most important issues in agriculture," said UC Riverside distinguished professor Shou-Wei Ding in the Department of Microbiology and Plant Pathology. Ding is corresponding author of a paper about the discovery in the journal Cell Host & Microbe.

When a mother plant with a virus makes, for example, 100 seeds, only between 0 and 5% of the seedlings are likely to become infected. For a century, scientists have wondered how the 'mothers' are able to stop the virus from spreading to all or most of the young plants.

The UCR-led team wanted to solve this mystery by pinpointing the immune pathway that prevents virus transmission from parent to progeny, also called vertical transmission. The team succeeded. The strategy they used, and the pathway they identified, are detailed in the paper.

Hundreds of varieties of Arabidopsis, a small plant in the mustard family, were inoculated with cucumber mosaic virus. Despite its name, the virus can infect more than 1,000 plant species, and cause yellowing, ring-shaped spots, and the appearance of patterns on leaf and fruit surfaces. Then, the researchers analyzed the plants to learn which genes make them, and their progeny, more resistant to the virus.


																																						
    
     




																																			Two genes, both of which are only known to be functional during the early stages of seed development, appear to be most important for this purpose. These genes operate in what's called the RNA interference pathway.

Genetic information in cells is converted from DNA into RNA, and then into proteins. Sometimes, double-stranded RNA is cut into smaller fragments called small interfering RNA, or siRNA. These fragments are used to block the production of proteins, some of which may come from an invading virus.

"Many organisms produce siRNAs to control and inhibit viral infections," Ding explained. "We believe the reason these plants can prevent seed infections is because the antiviral RNA interference pathway is active when seeds are being developed within mother plants."

To examine their hypothesis, the researchers made mutant plants in which two key RNA interference pathway genes were deleted. These genes create enzymes called dicer-like 2 and dicer-like 4.

"Without these two enzymes, the plant cannot make siRNAs to inhibit viral infections. And without the siRNAs, the antiviral immune pathways are not functional," Ding said.

The mutant plants both grew and produced seeds normally. However, when the plants lacking these two enzymes were infected with cucumber mosaic virus, they developed very severe symptoms. They made fewer seeds, and more importantly, there was a tenfold increase in the rate of transmission to the seeds. Up to 40% of the new seedlings were infected.


																																			"We got really excited by this result," Ding said. "This is the first time anybody has seen this major change in seed transmission after an immune pathway is eliminated."

The next question the researchers set out to answer was how, despite the strong immune suppression in non-mutant plants, can viruses still infect a small percentage of seeds? They learned that it's because the virus expresses a protein to block the RNA interference pathway in mother plants.

Moving forward, the research team is testing whether they can further decrease virus transmission rates by strengthening the immune pathway they identified in the seeds.

Because this pathway is widely conserved across a variety of organisms, including invertebrates, fungi, and mammals, the discovery could have broad implications for animal as well as human disease prevention.

The researchers have certain human viruses, like Zika, in mind as they continue their work. Zika infection during pregnancy can cause serious birth defects, including microcephaly and other brain abnormalities. The researchers hope to use what they learn to reduce the rate of vertical Zika transmission.

"We know that Zika virus expresses several proteins that block the RNA interference pathway, so it may be possible to prevent vertical transmission by inhibiting the function of these proteins with new drugs."


																																																					
																				
																						More information:
												Si Liu et al, Antiviral RNA interference inhibits virus vertical transmission in plants, Cell Host & Microbe (2024). DOI: 10.1016/j.chom.2024.08.009
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Convergent evolution study sheds light on how new genes arise
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Where do new genes come from? That's the question a team of biological sciences researchers from the U of A set out to answer in a new study.



										      
																																	They did so by examining the evolution of antifreeze proteins in fish--an essential adaptation that allows fish to survive in freezing waters by preventing ice formation through the binding of their antifreeze proteins to ice crystals.

The team investigated these proteins in three unrelated fish lineages and uncovered surprising results. While the proteins in each lineage are functionally and structurally similar, they evolved independently from different genetic sources.

This phenomenon, known as convergent evolution, represents a rare case of protein sequence convergence. It demonstrates how the same adaptive traits--and even nearly identical protein sequences--can be produced through entirely different evolutionary trajectories.

The study provides concrete examples of different evolutionary mechanisms that can lead to the birth of new genes. Findings suggest that new genes can form by repurposing fragments of ancestral genes while incorporating entirely new coding regions (the protein-coding parts of the DNA).

This innovative concept bridges the gap between entirely new gene formation from noncoding regions and the more traditional model in which new functions can arise from duplicated genes.

The study, "Diverse origins of near-identical antifreeze proteins in unrelated fish lineages provide insights into evolutionary mechanisms of new gene birth and protein sequence convergence," was published in Molecular Biology and Evolution.
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                Genomic loci of AFPI and the neighboring genes in the three focal AFPI-bearing species from separate lineages. Arrows and triangles represent genes in their respective directions. The size of the arrows is not proportional to the actual length of the genes. Credit: Molecular Biology and Evolution (2024). DOI: 10.1093/molbev/msae182
            
        

    



Co-authors included Nathan Rives, Vinita Lamba, C-H Christina Cheng and Xuan Zhuang. The co-first authors, Rives and Lamba, are Ph.D. students in the Zhuang Lab at the U of A, which is led by assistant professor of biological sciences Xuan Zhuang, who oversaw the study. Cheng is a professor in the School of Integrative Biology at the University of Illinois Urbana Champaign.


																																						
    
     




																																			The group's work also introduces a new model that advances understanding of the mechanisms behind new gene evolution: Duplication-Degeneration-Divergence. This model explains how new gene functions can arise from degenerated pseudogenes--formerly functional genes that lost their original role.

This model also highlights how genes that appear to be nonfunctional or "junk" can evolve into something entirely new, a concept that holds significant implications for understanding adaptation under extreme environmental stress.

In the context of molecular evolution, this work represents a significant step forward in understanding how new genes are born and evolve, offering fresh perspectives on functional innovation--or gene recycling and adaptation.


																																																					
																				
																						More information:
												Nathan Rives et al, Diverse Origins of Near-Identical Antifreeze Proteins in Unrelated Fish Lineages Provide Insights Into Evolutionary Mechanisms of New Gene Birth and Protein Sequence Convergence, Molecular Biology and Evolution (2024). DOI: 10.1093/molbev/msae182
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Love island: Bird's refusal to leave resort life leads to genetic change
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                A bird in the hand: Annika Radu holds a silvereye during research on Lady Elliot Island. Credit: Christine Dudgeon
            
        

    


A little yellow-and-white bird that prefers to date its mates in an idyllic island lifestyle rather than fly to the mainland to mingle is an example of avian species evolution in action, according to new Australian research.



										      
																																	The University of the Sunshine Coast paper, published in Nature Scientific Reports, investigated the genetic divergence of the Capricorn silvereye population on Lady Elliot Island since the species was first observed there in the 1980s.

The study found that the species, known for fast breeding and monogamy, had already developed genetic distinction in less than five decades on the southern Great Barrier Reef island.

UniSC animal ecologist Dr. Dominique Potvin said genetic markers indicated the bird chose to stay and play on the resort side of the island for its lifespan rather than seek out other silvereye populations.

"This is a rapid rate of genetic divergence, with the zosterops lateralis silvereye now one of the island's most common land-dwelling avian species," she said. "It can easily fly long distances but chooses not to visit the Queensland mainland or other islands."

Dr. Potvin, who supervised the collaborative study led by UniSC Honours graduate Annika Radu, said there were three subspecies of silvereyes across Queensland and its reef islands.
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                    Just hanging around: the silvereye. Photo: Annika Radu
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"Many individuals migrate from Tasmania to Queensland and back every year, so it's not like they can't get places," she said. "This study supports previous research showing that Great Barrier Reef birds are slowly evolving away from the mainland species."


																																						
    
     




																																			"Silvereyes are notorious for this, but most studies have looked at them on a species level--such as throughout the South Pacific--rather than a local level.

"We are seeing species divergence/evolution in action," Dr. Potvin said.

Radu said the study compared samples from birds at Maryborough, the Sunshine Coast, Lady Elliot Island and Heron Island northeast of Gladstone.

September is breeding season for the bird with a distinct white ring around the eye, which nests in trees and feeds on invertebrates and fruit. There are 17 subspecies of silvereye across Australia and the South Pacific.

The paper, "Genetic patterns reveal geographic drivers of divergence in silvereyes," was co-supervised by UniSC Associate Professor Kathy Townsend and co-authored by UniSC Senior Research Fellow Christine Dudgeon, UniSC Dr. Alexis Levengood, University of Oxford's Sonya Clegg and Ashley Sendell-Price, and University of Otago's Yasmin Foster.


																																																					
																				
																						More information:
												Annika Radu et al, Genetic patterns reveal geographic drivers of divergence in silvereyes (Zosterops lateralis), Scientific Reports (2024). DOI: 10.1038/s41598-024-71364-9
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Scientists seek a balance between crop production and protecting the environment

										

    
        
            [image: Scientists seek a balance between crop production and protecting the environment]
             
                A scientist is sampling gas to evaluate the effect of long-term dryland cropping systems on GHG emissions and crop yields in the U.S. northern Great Plains. Credit: Upendra Sainju
            
        

    


Scientists at the USDA's Agricultural Research Service (ARS), Northern Plains Agricultural Research Laboratory (NPARL), in Sidney, Montana, completed a study that shows the use of continuous cropping systems can better sustain crop yields while reducing greenhouse gas (GHG) emissions in semi-arid regions.



										      
																																	NPARL research scientists Upendra M. Sainju, Brett L. Allen, and Jalal D. Jabro evaluated the effect of three long-term (34-year project) dryland cropping systems on GHG emissions and crop yields in the U.S. northern Great Plains. The objective was to evaluate improved cropping systems like continuous cropping, which involves growing crops annually and eliminating the summer fallow (unplanted field) period, for GHG emissions and sustainable crop yields in dryland conditions.

"The study revealed that long-term no-till continuous cropping systems can reduce GHG emissions while sustaining crop yields compared to the conventional till crop-fallow system, which is the traditional two-year crop rotation of dryland farming in the Northern Great Plains," explained Sainju.

As the demand for agricultural production increases, it is becoming more important to mitigate GHG emissions from croplands. Certain cropping systems, management practices, and use of nitrogen-based fertilizers add to the total emissions of N2O (nitrous oxide) and CH4 (methane) that contribute to the approximate 10 percent of the total GHG emissions coming from the agricultural sector.

Implementing innovative agricultural strategies that can maintain or increase crop yields while reducing GHG emissions has become critical. This is especially important in arid and semi-arid regions, which make up one-third of the global arable land and account for a significant portion of GHG emissions coming from crop production.


																																						
    
     




																																			Scientists conducted the study on three different dryland cropping systems that had been producing crop yields and affecting soil health for 34 years. The three systems included no-till continuous spring wheat, no-till spring wheat-pea, and conventional till spring wheat-fallow.

The study tested N2O and CH4 gas emissions twice a week to once a month throughout the year and analyzed carbon sequestration rates from 2012 to 2019 and crop yields, GHG balance, and yield-scaled GHG balance from 2016 to 2018.

Overall, the no-till continuous cropping systems reduced net GHG balance by 66-149% compared to the conventional till crop-fallow system.

In looking at the two no-till continuous cropping systems studied, Sainju noted, "Although the no-till continuous nonlegume cropping increased carbon sequestration rate and reduced GHG balance and yield-scaled GHG balance, it reduced crop yield due to increased weed and pest pressure and enhanced soil acidity compared to the no-till legume-nonlegume rotation.

"Therefore, no-till legume-nonlegume rotation is an ideal cropping system to enhance crop yield and reduce GHG emissions compared to no-till continuous nonlegume cropping system in dryland cropping systems of the U.S. northern Great Plains."

The study is part of USDA-ARS ongoing long-term research on dryland cropping systems. Details about the latest study can be found in the Journal of Environmental Quality.


																																																					
																				
																						More information:
												Upendra M. Sainju et al, Long-term continuous cropping reduces greenhouse gas emissions while sustaining crop yields, Journal of Environmental Quality (2024). DOI: 10.1002/jeq2.20627
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Plant pathogen battle: A tomato protein's dual role in defense and susceptibility
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                Overexpression of SlSYTA promotes multiple pathogen infections. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae176
            
        

    


Tomatoes, a staple crop worldwide, are increasingly threatened by biotic stressors such as viruses, fungi, and bacteria, with the effects worsening under climate change. These challenges lead to reduced yields and compromised nutritional quality, highlighting an urgent need for effective disease management strategies. To address these issues, scientists are intensifying efforts to understand the immune mechanisms of plants, with a focus on key regulatory proteins that influence disease resistance.



										      
																					This study, led by researchers from Chongqing Key Laboratory of Plant Disease Biology at Southwest University and published in Horticulture Research on June 27, 2024, explored the role of Solanum lycopersicum Synaptotagmin A (SYTA) SlSYTA in tomato disease resistance. By employing advanced transcriptome and metabolome analyses, the research unveiled how SlSYTA modulates ROS signaling and other immune responses, acting as a key negative regulator of plant defense mechanisms.

The findings demonstrated that SlSYTA overexpression makes tomatoes more susceptible to pathogens like tobacco mosaic virus, Phytophthora capsici, and Botrytis cinerea, while its silencing through RNA interference conferred broad-spectrum resistance.

Detailed analyses showed that SlSYTA downregulates vital immune responses, such as the Reactive Oxygen Species (ROS) burst, stomatal closure, and callose deposition, compromising the plant's defense. Changes in the pentose phosphate pathway, critical for ROS production, suggest that SlSYTA affects immune signaling on a metabolic level. This dual regulatory role highlights SlSYTA as a prime target for genetic modifications aimed at boosting tomato disease resistance.

Dr. Xianchao Sun, the study's senior researcher, noted, "Our findings reveal the complex role of SlSYTA in plant immunity, where it acts both as a promoter of pathogen susceptibility and a regulator of immune responses. These insights offer new opportunities for genetic modifications to enhance disease resistance in crops, supporting sustainable agricultural practices."

This research provides a crucial basis for developing new strategies to strengthen tomato resilience against pathogens. Targeting SlSYTA through genetic engineering or selective breeding could significantly enhance plant immunity and reduce crop losses, aligning with broader efforts to secure food production in an increasingly challenging environment.


																														
																				
																						More information:
												Shaorui Tian et al, Integrated transcriptome and metabolome reveal that SlSYTA modulates ROS responses driving resistance defense in Solanum lycopersicum, Horticulture Research (2024). DOI: 10.1093/hr/uhae176
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Decoding 'Chachi' citrus: Unveiling the secrets of flavorful phytonutrients
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                Metabolic profiles of CRC fruits at four representative developmental stages. Credit: TranSpread
            
        

    


Citrus reticulata "Chachi" (CRC), a staple in traditional medicine and modern pharmacology, is renowned for its rich flavonoid content, which underpins its health-promoting properties. Despite its widespread use, the biosynthetic pathways and genetic controls of these beneficial compounds have remained largely uncharted.



										      
																																	The peel, a particularly potent source of bioactive flavonoids and volatile oils, adds to the fruit's medicinal value. Given these complexities, in-depth research is crucial to fully understand the mechanisms behind CRC's flavonoid biosynthesis.

Conducted by the Guangdong Academy of Agricultural Sciences and Zhejiang A&F University, this study was published on June 27, 2024, in Horticulture Research. It introduces a gap-free genome assembly of CRC, identifying key genes involved in flavonoid biosynthesis using advanced genomic, transcriptomic, and metabolomic approaches. The research elaborates on the expression patterns of essential structural genes, including CHS, CHI, and FLS, while examining the dynamics of flavonoid accumulation throughout the fruit's development.

The study identified 409 flavonoid metabolites, representing 83.30% of the total detected compounds, with the highest concentrations observed in the early stages of fruit growth. This discovery underscores the importance of early developmental phases in flavonoid biosynthesis.

Compounds such as hesperetin and naringin showed significant declines as the fruit matured. The study also highlighted varied gene expression patterns that regulate these bioactive compounds, notably the downregulation of genes like 4'OMT during fruit development, aligning with the observed decrease in key flavonoids.


																																						
    
     




																																			Dr. Xuepeng Sun, a researcher in the study, underscored the significance of the findings, "Our research provides a detailed understanding of the synthesis and regulation of flavonoids in Citrus reticulata. These insights not only enhance our knowledge of citrus genetics but also lay the groundwork for future studies focused on boosting the nutritional and medicinal value of citrus fruits."

The study's findings hold profound implications for both agriculture and pharmacology. Deciphering the genetic and metabolic pathways of CRC could lead to the development of citrus varieties with superior health benefits. Moreover, the insights gained can be leveraged to optimize harvest times, ensuring maximum medicinal properties, thus benefiting producers and consumers alike who are interested in natural health supplements.


																																																					
																				
																						More information:
												Congyi Zhu et al, The gap-free genome and multi-omics analysis of Citrus reticulata 'Chachi' reveal the dynamics of fruit flavonoid biosynthesis, Horticulture Research (2024). DOI: 10.1093/hr/uhae177
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