
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, August 29, 2024

      

      
        
          	
            Nanotechnology
          
          	5
        

        
          	
            Physics
          
          	9
        

        
          	
            Space and Earth
          
          	16
        

        
          	
            Chemistry
          
          	6
        

        
          	
            Biology
          
          	25
        

        
          	
            Technology
          
          	25
        

        
          	
            Other Sciences
          
          	25
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

      Nanotechnology

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


      
        Nanoplastics put stress on trees and impair photosynthesis
        It is well known that more and more plastic waste is ending up in soil and bodies of water. Researchers are particularly concerned about tiny micro- and nano-sized particles. It remains unclear how and to what extent they are able to enter living organisms--and what effect they may have on metabolism.

      

      
        Upgraded atomic force microscope captures 3D images of calcite dissolving
        Understanding the dissolution processes of minerals can provide key insights into geochemical processes. Attempts to explain some of the observations during the dissolution of calcite (CaCO3) have led to the hypothesis that a hydration layer forms, although this has been contested.

      

      
        Advances in semiconductor patterning: New block copolymer achieves 7.6 nm line width
        A recently developed block copolymer could help push the limits of integration and miniaturization in semiconductor manufacturing, report scientists at Tokyo Institute of Technology (Tokyo Tech) and Tokyo Ohka Kogyo (TOK). Chemically tailored for reliable directed self-assembly, the proposed compound can arrange itself into perpendicular lamellar structures whose half-pitch width is less than 10 nanometers, outperforming conventional and widely used block copolymers.

      

      
        Using metal ion-linked nanostructures to improve immune response and boost breast tumor treatment
        Immune checkpoint blockade (ICB) is one of the primary methods of tumor immunotherapy. However, clinical data have shown that only a portion of patients respond to ICB treatment. Since the tumor's immune-suppressive environment plays a crucial role in ICB therapy, finding ways to effectively reshape this environment and increase the response rate to ICB treatment has become a key focus.

      

      
        Researchers take inspiration from viruses to improve delivery of nucleic acid-based therapies to cancer cells
        A researcher in Purdue University's College of Science is developing a patent-pending platform technology that mimics the dual-layer structure of viruses to deliver nucleic acid (NA)-based therapies to targeted cancer cells.
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                Distribution of mg PS-Pd-NP per g DW biomass in the three different tissues of wild service tree and Norway spruce across the two different PS-Pd NP concentrations and the two different exposure times. Credit: Environmental Science: Nano (2024). DOI: 10.1039/D4EN00286E
            
        

    


It is well known that more and more plastic waste is ending up in soil and bodies of water. Researchers are particularly concerned about tiny micro- and nano-sized particles. It remains unclear how and to what extent they are able to enter living organisms--and what effect they may have on metabolism.



										      
																																	ETH researcher Denise Mitrano has now been able to show how trees take up nanoplastics contained in water through their roots. In collaboration with ecologist Arthur Gessler from the Swiss Federal Institute for Forest, Snow and Landscape Research, she has demonstrated for the first time that this has a negative effect on photosynthesis. To do this, Mitrano used a method she had developed to quickly and precisely detect microplastics and nanoplastics.

Hundreds of saplings in a water bath

First, the researchers grew 100 seedlings of each of two tree species with different water-use strategies: the wild service tree, a deciduous tree that is widespread in Europe and requires a lot of water, and the Norway spruce, which needs little water.

The wild service tree saplings were transferred to hydroponic cultivation after seven months, followed by the slower-growing spruce after 18 months. This meant that the roots of the saplings were now growing in nutrient-enriched water rather than in soil.

The team then added different concentrations of model metal-doped nanoplastics to the water and analyzed the content of plastic particles in different parts of the trees at varying intervals. They also determined photosynthesis activity throughout the study, which has now been published in Environmental Science: Nano.

Within just a few weeks, the researchers were able to detect 1 to 2 milligrams of nanoplastics per gram of plant material in the roots. The plastic content was around 10 to 100 times lower in the trunks, leaves and needles.

There were no significant differences between the two tree species; although the Norway spruce takes up less water, roughly the same amount of nanoplastics accumulated in this tree as in the thirsty wild service tree.

"That was surprising. We had expected the amount of nanoplastics to correlate with the amount of water absorbed and transported to the leaves," says Gessler. This finding suggests that nanoplastics do not enter the trees through tiny fissures in the root tissue as previously thought, but rather are absorbed into cells in the root and transported from there further up into the tree.


																																						
    
     




																																			Likely stored in the cell membrane

The researchers also succeeded in proving that nanoplastics in the leaves and needles can affect important physiological processes. Their measurements showed that the effectiveness of photosynthesis in the wild service tree decreased by a third within two weeks, and in the Norway spruce by about 10% within four weeks--in each case they were compared with trees growing in water without the addition of nanoplastics.

"In the needles, the particles have to overcome an additional cellular barrier, which may be why it takes longer in the spruce than in the deciduous tree," says Gessler.

The result indicated that some of the energy from sunlight is no longer used for photosynthesis, but is instead dissipated as heat. "This is a typical stress reaction in trees," says Gessler. "My hypothesis is that nanoplastics are stored in cell membranes and are damaging them."

Storing nanoplastics in this way may also damage other living organisms. This is because cell membranes play a key role in a range of physiological processes.

Reduced photosynthesis had no effect on tree growth. However, the researchers only observed the trees over a short period of four weeks--so no conclusions can be drawn about the longer-term consequences. In addition, relatively high amounts of nanoplastics were used in this study. The effects may be different with lower concentrations of nanoplastics or when the trees are grown in soil rather than in hydroponic cultivation.

"Our study is not intended to give the impression that trees could die as a result of nanoplastics," says Mitrano. But it could be an additional stress factor, particularly for trees in cities, which are already suffering from increased heat, aridity and air pollution.


																																																					
																				
																						More information:
												Maria Elvira Murazzi et al, Uptake and physiological impacts of nanoplastics in trees with divergent water use strategies, Environmental Science: Nano (2024). DOI: 10.1039/D4EN00286E
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Upgraded atomic force microscope captures 3D images of calcite dissolving
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                High-speed 3D-SFM imaging (a) Imaging principle of 3D-SFM. (b) 3D-SFM images obtained near the calcite step edge during its dissolution at 5 s / 3D image. (c) Another example of a 3D-SFM image obtained at 1.6 s/3D image. (d) Vertical cross-sectional image obtained over the terrace and transition region. Credit: Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c02368
            
        

    


Understanding the dissolution processes of minerals can provide key insights into geochemical processes. Attempts to explain some of the observations during the dissolution of calcite (CaCO3) have led to the hypothesis that a hydration layer forms, although this has been contested.



										      
																																	Hydration layers are also important as they play a role in a number of processes including adhesion, corrosion and wetting, as well as the folding, stability and recognition of proteins.

Now researchers led by Kazuki Miyata, Adam S. Foster and Takeshi Fukuma at the Nano Life Science Institute (WPI-NanoLSI) at Kanazawa University in Japan have successfully upgraded their atomic force microscope to retrieve imaging data with the time and spatial resolution needed to obtain 3D structure images that provide direct evidence of a hydration layer forming during the dissolution of calcite.

The research is published in the journal Nano Letters.

The hypothesis of a hydration layer forming during the dissolution of calcite was prompted by simulations of the process, which pointed to the production of a Ca(OH)2 layer across "transition regions" as calcite dissolves.

Despite being unstable in the bulk or on flat terraces, Ca(OH)2 can appropriate some stability from step edge structures, although the mechanism behind this is not well understood.

This could explain the stability of the Ca(OH)2 next to the step edges but since the transition regions observed in experiments span several nanometers, the authors had posited the possibility that the Ca(OH)2 acquires its stability through indirect interactions with the step by means of a hydration structure.


																																						
    
     




																																			However, as the researchers point out in their report, hydration effects remain "poorly understood" as techniques for imaging changes in solid-liquid interfacial structures are lacking.
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                A model of the formation and stabilization mechanism of the transition region. Credit: Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c02368
            
        

    



Atomic force microscopy (AFM) obtains high resolution images by using a nanoscale cantilever to feel the surface a little like the needle of a record player feels the grooves in vinyl. However, despite a huge step change in the rate of image acquisition that can be achieved with the invention of high-speed (HS) AFM, AFM has still suffered a little from a trade-off between speed and spatial resolution.

Efforts to apply it to the study of dissolution processes are also hampered because the tool is designed to scan the topologies and interactions across 2D surfaces, and dissolution of minerals involves 3D structural changes.

Previous work had expedited the higher resolution "frequency modulated" (FM) AFM so that the image acquisition time was reduced from a minute to just 0.5 s/frame. This upgrade allowed the authors to image the transition region from which they inferred the presence of a hydration layer, but some extrapolation was required to extract 3D structure information from comparison of the 2D-AFM data to 3D simulation, leaving some to doubt the conclusions.

Modifications of AFM to extract 3D force data using AFM have previously been demonstrated, although once again, despite some improvements to speed things up, to about 1 minute/frame the image acquisition time had remained prohibitive for observing dynamic processes.

The authors get around all these drawbacks by combining the HS-FM-AFM with 3D-SFM. This involved increasing the bandwidth of their 3D-SFM while maintaining a force resolution of 10-100nN, fast synchronization of the signals in the lateral scanning and third dimension, and fast recording of the cantilever frequency shifts. With these in place, the researchers were able to capture 3D-SFM images in just 1.6 s/frame. They used the approach to image the dissolution of calcite.

"The HS-3D-SFM images produced in the present work clearly show the 3D distribution predicted by the simulations, thus supporting the existence of an extended hydration layer," they point out in their report.


																																																					
																				
																						More information:
												Kazuki Miyata et al, High-Speed Three-Dimensional Scanning Force Microscopy Visualization of Subnanoscale Hydration Structures on Dissolving Calcite Step Edges, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c02368
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Advances in semiconductor patterning: New block copolymer achieves 7.6 nm line width
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                These BCPs could pave the way to revolutionary breakthroughts in manufacturing improved semiconductors. Credit: Tokyo Institute of Technology
            
        

    


A recently developed block copolymer could help push the limits of integration and miniaturization in semiconductor manufacturing, report scientists at Tokyo Institute of Technology (Tokyo Tech) and Tokyo Ohka Kogyo (TOK). Chemically tailored for reliable directed self-assembly, the proposed compound can arrange itself into perpendicular lamellar structures whose half-pitch width is less than 10 nanometers, outperforming conventional and widely used block copolymers.



										      
																																	Miniaturization is one of the fundamental qualities of modern electronics and is largely responsible for the incredible increments in performance witnessed over the past decades. To keep this momentum going, it is necessary to achieve circuit patterns finer than the existing ones on semiconductor chips, which are a crucial part of all electronic devices.

Some experts estimate that, by 2037, the smallest distance between features in semiconductor devices, known as "half-pitch," will need to be as small as 8 nm to support next-generation electronics, emphasizing the need for advancements in lithographic processes (method of creating highly complex circuit patterns on semiconductor parts).

As one would expect, creating such finely detailed structures on any kind of material is a massive undertaking. One promising avenue to achieve this feat is called directed self-assembly (DSA) with block copolymers (BCPs).

Simply put, BCPs are long chain-like molecules made from two or more distinct sections--or blocks-- of polymers. The process of DSA involves exploiting the interactions between different blocks in BCPs so that they spontaneously and consistently arrange themselves into ordered structures and patterns.

While this strategy is certainly powerful, producing features smaller than 10 nanometers (sub-10 nm) using DSA remains challenging.

In a study published on 6 July 2024 in Nature Communications, researchers from Tokyo Tech and TOK managed to push the envelope of the possibilities in this field.


																																						
    
     




																																			Led by Professor Teruaki Hayakawa, the research team developed a novel BCP that was carefully adapted to create incredibly small line patterns on a substrate in the form of lamellar domains (a structure composed of fine and alternative layers). These tiny patterns could pave the way for new advanced semiconductor devices.

The newly developed BCP was created from polystyrene-block-poly(methyl methacrylate) (or PS-b-PMMA), a representative and widely studied BCP for DSA. First, the researchers introduced an appropriate amount of poly(glycidyl methacrylate) (PGMA) into PS-b-PMMA, obtaining PS-b-(PGMA-r-PMMA).

Next, they modified the PGMA segment with different thiols, aiming to refine the repulsive interactions between the different blocks in the resulting polymer, named PS-b-PGFM. The PS and PMMA segments also controlled the affinity of the different parts of the molecule for air, which plays an important role in its self-alignment process during DSA.

The tailored BCP reliably self-assembled into exceptionally small nanometric lamellar structures when applied as a thin film, as confirmed by atomic force microscopy. Moreover, this new compound displayed impressive performance on a substrate with parallel polystyrene chemical guides.

"Thin-film aligned lamellar domains with a vertical orientation could be reliably and reproducibly obtained via directed self-assembly, yielding parallel line patterns that correspond to a half-pitch size of 7.6 nm," says Hayakawa. It is worth mentioning that this is one of the smallest half-pitch sizes reported worldwide for thin-film lamellar structures without a top coating.

Overall, these exciting findings have the potential to advance cutting-edge technologies in semiconductor manufacturing.

"PS-b-PGFM BCPs are promising templates for use in lithography because they can produce fine patterns in DSA processes similar to the ones used for conventional PS-b-PMMA, with the potential to outperform them," concludes Hayakawa.

"Studies aimed at optimizing the pattern-transfer processes using line patterns in PS-b-PGFM thin films as templates will be investigated in the future," he adds.


																																																					
																				
																						More information:
												Shinsuke Maekawa et al, Chemically tailored block copolymers for highly reliable sub-10-nm patterns by directed self-assembly, Nature Communications (2024). DOI: 10.1038/s41467-024-49839-0
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Using metal ion-linked nanostructures to improve immune response and boost breast tumor treatment
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                Schematic illustration of enhanced tumor immunotherapy using DC therapy mediated by metal ion-chelated L-phenylalanine nanocomplexes. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01758-3
            
        

    


Immune checkpoint blockade (ICB) is one of the primary methods of tumor immunotherapy. However, clinical data have shown that only a portion of patients respond to ICB treatment. Since the tumor's immune-suppressive environment plays a crucial role in ICB therapy, finding ways to effectively reshape this environment and increase the response rate to ICB treatment has become a key focus.



										      
																																	In a study published in Nature Nanotechnology, a research team led by Prof. Wang Hai and Nie Guangjun from the National Center for Nanoscience and Technology of the Chinese Academy of Sciences, collaborating with Prof. Ran Haitao from Chongqing Medical University, developed three types of nanostructures that combine L-phenylalanine with metal ions.

This innovative design can effectively reshape the tumor's immune-suppressive environment and significantly enhance the effectiveness of ICB immunotherapy.

Dendritic cells (DCs) play a crucial role in the immune response against cancer and infections. Mature DCs are key to activating tumor-specific immunity. Over the past decade, two main activation modes have been discovered to induce DC maturation and trigger the initial immune response: pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs).

Besides these danger signals, many functions of DCs, including maturation, cytokine production, and migration, are also regulated by electrical signals in the body. The concentration of potassium and calcium ions in DCs is closely related to their maturation process. However, the movement of metal ions in and out of cells is strictly controlled by ion channels, and there is currently no effective way to activate these channels.


																																						
    
     




																																			To activate the potassium ion channels on the DC membrane, the researchers used magnesium ions, iron ions, and zinc ions to coordinate with L-phenylalanine, creating three types of nanostructures: nanospheres (Ph-Mg), nanoneedles (Ph-Fe), and nanosheets (Ph-Zn). They found that these nanomaterials could enter cells through pinocytosis and caveolae-mediated endocytosis, but they were unstable in acidic environments.

Computer simulations indicated that the disassembled nanostructures would release as dimers of metal ion-chelated L-phenylalanine. These dimers can bind to the S4 transmembrane region of the potassium ion channel (Kv1.3), causing the Kv1.3 structure to change, widening the channel and activating the potassium ion channel.

The outflow of potassium ions, along with the influx of calcium ions triggered by depolarization, activates the NF-kB signaling pathway regulated by calmodulin, promoting DC maturation and triggering the secretion of pro-inflammatory cytokines.

In addition, the researchers found that the uptake of nanostructures by DCs may induce the release of cathepsin B, which, along with the outflow of potassium ions, activates the inflammasome pathway closely related to DC maturation. They showed that nutrient restriction could enhance the uptake of nanomaterials by DCs, upregulate calmodulin expression, and degrade IkBa, further strengthening the NF-kB pathway.

"Currently, most protein regulation focuses on developing inhibitors. Finding ways to activate protein functions is still challenging," said Prof. Wang, the lead author of this study. "Fortunately, we discovered that using nanomedicine can precisely activate the Kv1.3 potassium ion channel in DCs. This activation reverses the tumor's immune-suppressive environment and enhances the effectiveness of immune checkpoint inhibitors."

The researchers developed metal ion-amino acid nanostructures that can regulate ion channel structures, promoting the activation of the innate immune response by adjusting the potassium and calcium ions in DCs. This reshapes the tumor's immune-suppressive environment, providing a new strategy for improving the effectiveness of ICB therapy.


																																																					
																				
																						More information:
												Mixiao Tan et al, Metal-ion-chelating phenylalanine nanostructures reverse immune dysfunction and sensitize breast tumour to immune checkpoint blockade, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01758-3
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                Layer-by-layer formation of elastin-like polypeptide:nucleic acid nanoparticles, LENN. In the first step, the nucleic acids (siRNA or pDNA) are electrostatically condensed by complexation with polycations (decaarginine- or 2.5 kDa polyethylenimine-modified b-cyclodextrin) to form polyion complexes. These initially formed particles are then stabilized with an ELP coating (N24-EGF to target epidermal growth factor receptor, EGFR, and/or N40 as an untargeted construct) through host:guest interactions between the cyclodextrin cavities and the hydrophobic prosthetic groups of the ELP. Credit: Biomacromolecules (2024). DOI: 10.1021/acs.biomac.4c00165
            
        

    


A researcher in Purdue University's College of Science is developing a patent-pending platform technology that mimics the dual-layer structure of viruses to deliver nucleic acid (NA)-based therapies to targeted cancer cells.



										      
																																	David Thompson leads a team developing the carrier system called LENN. He is a professor in the James Tarpo Jr. and Margaret Tarpo Department of Chemistry and on the faculty of the Purdue Institute for Cancer Research and the Purdue Institute for Drug Discovery.

"LENN [includes] two protective layers. The inner shell condenses the nucleic acid; the outer shell protects it from the immune system so it can circulate freely and target cancer cells," he said. "We're mimicking the strategies of viral particles that have been doing this effectively for millions of years."

Thompson and his team, including postdoctoral researcher Aayush Aayush, used LENN to deliver NA-based therapies to bladder cancer cells. Their research has been published in Biomacromolecules.

"The data shows our agile nanocarrier is flexible in its targeting ability, cargo size and disassembly kinetics," Aayush said. "It provides an alternative route for nucleic acid delivery using a biomanufacturable, biodegradable, biocompatible and highly tunable vehicle capable of targeting a variety of cells depending on their tumor-specific surface markers."
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                Aayush Aayush. Credit: Purdue University photo/Steve Scherer
            
        

    





																																						
    
     




																																			Structure of the nanocarrier system

Thompson said nucleic acid-based therapies are revolutionizing biomedical research through their ability to control cellular functions at the genetic level. Therapies comprising several constructs are being explored to expand the druggable sites of the human genome.

"Unfortunately, estimates suggest that only 1% or less of the NA cargo that enters the cell gets to the cytosol where it is active," he said. "That is one of the motivations for developing this new approach: borrowing design principles from viruses, biological machines that have been delivering cargo to cells for millions of years. Our nonviral delivery system protects and efficiently releases the NA therapies within the cytoplasm of target cells."

The inner core of the LENN system is made from a complex of nucleic acids and modified cyclodextrins--a product of corn processing. Its outer core is elastin, one of the most abundant proteins in the body. Thompson said the design provides several benefits.

"Because elastin is so widely abundant, there are no known antibodies to it. From a drug delivery perspective, that is attractive because the body's immune system will not recognize it as a foreign nanoparticle," he said. "LENN also can deliver cargo as short as silencing RNA, which are 19 or 20 nucleotides long, and as long as huge plasmids exceeding 5,000 base pairs in length."

Thompson said the LENN system can be made in a biomanufacturable manner.

"All of the building blocks are made from renewable resources: cyclodextrin (from corn) and the elastin-like polypeptide from bacterial fermentation," he said. "This is in contrast to most traditional pharmaceuticals that are derived from petroleum."


																																			Validation and next development steps

Thompson said earlier efforts for delivering NA therapies have employed lipid or polymer-based vehicles.

"Unfortunately, those approaches suffer from very low efficiencies, rapid immune system clearance and poor shelf stability," he said. "Chemically modified nucleic acids are showing some promise in experimental systems; however, the safety of that approach has not yet been clinically demonstrated."

The recent Biomacromolecules publication complements four previously published papers based on Thompson's research on the LENN system components.

"These earlier papers in Biomaterials Science, Oncotarget and Biomacromolecules show the effectiveness of our method to rapidly purify elastin-like polypeptides for use in biomedical applications and its ability to retain the function of attached targeting proteins and enzymes," he said.

"Two of those papers show the specific case of targeting bladder tumor cells and the other shows that the material purified by our patent-pending technology is capable of targeting human bladder tumors in human and canine surgical samples."

Thompson said bladder cancer is the first target of the LENN system, but he and his team are developing efforts in other cancer types to explore the scope of the technology.

"We are learning to work with the materials and to optimize them," he said. "A bladder cancer therapy is a more localized therapeutic approach than would be needed for developing a subcutaneous or IV injection. However, our plans include walking up that difficulty scale to impact other cancer types."


																																																					
																				
																						More information:
												Aayush Aayush et al, Development of an Elastin-like Polypeptide-Based Nucleic Acid Delivery System Targeted to EGFR+ Bladder Cancer Cells Using a Layer-by-Layer Approach, Biomacromolecules (2024). DOI: 10.1021/acs.biomac.4c00165
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        Physics researchers identify new multiple Majorana zero modes in superconducting SnTe
        A collaborative research team has identified the world's first multiple Majorana zero modes (MZMs) in a single vortex of the superconducting topological crystalline insulator SnTe and exploited crystal symmetry to control the coupling between the MZMs.

      

      
        Chiral molecule research achieves near-complete separation in quantum states
        In a study titled "Near-complete chiral selection in rotational quantum states" published in Nature Communications, the Controlled Molecules Group from the Molecular Physics Department of the Fritz Haber Institute has made a significant leap forward in the field of chiral molecules. The team, led by Dr. Sandra Eibenberger-Arias, achieved near-complete separation in quantum states for these essential components of life.

      

      
        Researchers create entangled quantum magnets with protected quantum excitations
        When different quantum states combine, new collective states of matter can emerge. In the quantum realm, combining components such as atoms that possess quantum effects can give rise to macroscopic quantum states of matter, featuring exotic quantum excitations that do not exist anywhere else.

      

      
        New Sisyphus cooling technique could enhance precision of atomic clocks
        Researchers in the Neutral Atom Optical Clocks Group at the National Institute of Standards and Technology (NIST), University of Colorado and Pennsylvania State University recently devised a new sub-recoil Sisyphus cooling technique that could help to improve the precision of atomic clocks.
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Physics researchers identify new multiple Majorana zero modes in superconducting SnTe

										

    
        
            [image: HKUST and SJTU physics researchers identify new multiple Majorana zero modes in superconducting SnTe]
             
                Non-Abelian and Abelian exchange statistics. (a) Non-Abelian exchange statistics of MZMs, the final state differs if the order of two pair-wise exchange operations is interchanged. (b) Abelian exchange statistics of ordinary particles such as electrons and photons, swapping the order of the exchange operations will not affect the final state. U23U12 means exchange particles 1 and 2 first, and then exchange particles 2 and 3. Credit: HKUST
            
        

    


A collaborative research team has identified the world's first multiple Majorana zero modes (MZMs) in a single vortex of the superconducting topological crystalline insulator SnTe and exploited crystal symmetry to control the coupling between the MZMs.



										      
																																	This discovery, published in Nature, offers a new pathway to realizing fault-tolerant quantum computers. The team was led by Prof. Junwei Liu, Associate Professor in the Department of Physics at the Hong Kong University of Science and Technology (HKUST), and Prof Jinfeng Jia and Prof Yaoyi Li from Shanghai Jiao Tong University (SJTU).

MZM is a zero-energy topologically nontrivial quasiparticle in a superconductor that obeys non-Abelian statistics, allowing for inequivalent braiding sequences, even though the total number of exchanges is the same. This contrasts with ordinary particles, such as electrons or photons, where different braiding always results in the same final state. This unique property protects MZMs from local perturbations, making them an ideal platform for robust fault-tolerant quantum computation.

Although significant progress has been made in engineering artificial topological superconductors, the braiding and manipulation of MZMs remain extremely challenging due to their separation in real space, which complicates the necessary movements for hybridization.

The newly published work collaborated by the theoretical group at HKUST and experimental group at SJTU, took a completely different approach by taking advantage of the unique feature of crystal-symmetry-protected MZMs to eliminate these bottlenecks.


																																						
    
     




																																			They demonstrated for the first time the existence and hybridization of magnetic-mirror-symmetry-protected multiple MZMs in a single vortex of the superconducting topological crystalline insulator SnTe, using controlled methods that do not require real space movement or strong magnetic fields, leveraging their extensive experience in low-temperature scanning tunneling microscopy, high-quality sample growth, and large-scale theoretical simulations.



            	
            
                [image: HKUST and SJTU physics researchers identify new multiple Majorana zero modes in superconducting SnTe]
                 
                    Schematics for controllable hybridization of MT protected MZMs using tilted magnetic fields. (a) The magnetic field is not parallel to the 110 or 110 mirror planes and breaks the symmetry that protects the MZMs. (b) The magnetic field is parallel to the 110 or 110 mirror planes and preserves the symmetry that protects the MZMs. Left: Schematics for the tilted magnetic field and the mirror planes. Middle: Schematics for the tilted vortex line. Right: Schematics for the local density of states showing the nonexistence or existence of the MZMs. Credit: HKUST
                
            

        

            	
            
                [image: HKUST and SJTU physics researchers identify new multiple Majorana zero modes in superconducting SnTe]
                 
                    Signatures of crystal-symmetry-protected MZMs. (a, b) Spatially resolved tunneling conductance spectra in tilted magnetic fields. (c-h) Simulated local density of states for vortex states in tilted magnetic fields. Credit: HKUST
                
            

        

    

The experimental group at SJTU observed significant changes in the zero-bias peak, a strong indicator of MZMs, in the SnTe/Pb heterostructure under tilted magnetic fields. The HKUST theoretical team subsequently performed extensive numerical simulations to unambiguously demonstrate that the anisotropic responses to tilted magnetic fields indeed originate from crystal-symmetry-protected MZMs.

By utilizing the kernel polynomial method, they successfully simulated large vortex systems with hundreds of millions of orbitals, enabling further exploration of novel properties in vortex systems beyond just crystal-symmetry-protected MZMs. The research opens a new frontier for detection and manipulation of crystal-symmetry-protected multiple MZMs.

Their findings pave the way for the experimental demonstration of non-Abelian statistics, and the construction of new types of topological qubits and quantum gates based on crystal-symmetry-protected multiple MZMs.


																																																					
																				
																						More information:
												Tengteng Liu et al, Signatures of hybridization of multiple Majorana zero modes in a vortex, Nature (2024). DOI: 10.1038/s41586-024-07857-4
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Chiral molecule research achieves near-complete separation in quantum states

										

    
        
            [image: A breakthrough in chiral molecule research opens new horizons for science]
             
                Credit: FHI
            
        

    


In a study titled "Near-complete chiral selection in rotational quantum states" published in Nature Communications, the Controlled Molecules Group from the Molecular Physics Department of the Fritz Haber Institute has made a significant leap forward in the field of chiral molecules. The team, led by Dr. Sandra Eibenberger-Arias, achieved near-complete separation in quantum states for these essential components of life.



										      
																																	This discovery challenges previous assumptions about the practical limits of quantum state control of chiral molecules and paves the way for new research directions in molecular physics and beyond.

Chiral molecules, which exist as two non-superimposable mirror image versions called enantiomers, similar to our left and right hands, are fundamental to the fabric of life. The ability to control these molecules and their quantum states has profound implications, from spatial separation of enantiomers in the gas phase to testing hypotheses about the origins of life's homochirality--the preference for one mirror image over the other in biological systems.

Until now, the scientific community believed that perfect control over these molecules' quantum states was theoretically possible but practically unattainable. The team at the Fritz Haber Institute, however, has proven otherwise. By creating nearly ideal experimental conditions, they have shown that a 96% purity in the quantum state of one enantiomer (one of the two mirror images) is achievable, with only 4% of the other, moving significantly closer to the goal of 100% selectivity.

This breakthrough was made possible through the use of tailored microwave fields combined with ultraviolet radiation, allowing for unprecedented control over the molecules. In the experiment, a beam of molecules, with their rotational motions mostly suppressed (cooled to a rotational temperature of approximately 1 degree above absolute zero), traverses three interaction regions where it is exposed to resonant UV and microwave radiation. As a result, marking a significant advancement in molecular beam experiments, chosen rotational quantum states contain almost exclusively the selected enantiomer of a chiral molecule.

The new experiment opens up new possibilities for studying fundamental physics and chemistry effects involving chiral molecules. The team's method offers a new avenue for exploring parity violation in chiral molecules--a phenomenon predicted by theory but not yet observed experimentally. This could have profound implications for our understanding of the universe's fundamental (a)symmetries.

In essence, this study shows that a nearly complete, enantiomer-specific state transfer is achievable and that this method can be applied to the large majority of chiral molecules. It is expected that this discovery will open up important new opportunities in molecular physics, including new research approaches and potential applications.


																																																					
																				
																						More information:
												JuHyeon Lee et al, Near-complete chiral selection in rotational quantum states, Nature Communications (2024). DOI: 10.1038/s41467-024-51360-3
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Researchers create entangled quantum magnets with protected quantum excitations

										

    
        
            [image: Researchers create entangled quantum magnets with protected quantum excitations]
             
                Engineering atom interactions inside an artificial quantum material resulted in a new quantum state: the higher-order topological magnet. Credit: Jose Lado/Aalto University.
            
        

    


When different quantum states combine, new collective states of matter can emerge. In the quantum realm, combining components such as atoms that possess quantum effects can give rise to macroscopic quantum states of matter, featuring exotic quantum excitations that do not exist anywhere else.



										      
																																	In a collaboration between Aalto University and the Institute of Physics CAS, researchers built an artificial quantum material, atom by atom, from magnetic titanium on top of a magnesium oxide substrate. They then carefully engineered how atoms interacted inside the material with the goal of birthing a new state of quantum matter.

Jose Lado, assistant professor at Aalto University, created the theoretical design to engineer the material featuring topological quantum magnetism, and a group led by associate professor Kai Yang at the Institute of Physics CAS built and measured the artificial material using atomic manipulation with scanning tunneling microscopy.

As a result, the researchers demonstrated for the first time a new quantum state of matter known as a higher-order topological quantum magnet. The topological magnet could represent a new way to achieve substantial protection against decoherence in quantum technology.

The research was published today in Nature Nanotechnology.

Beyond being interesting from the point of view of fundamental science, topological quantum many-body matter such as this new quantum magnet could have a groundbreaking impact on future quantum technologies.

"Creating a many-body topological quantum magnet makes it possible to explore an exciting new direction in physics. Excitations in topological quantum magnets have wildly different properties than those found in conventional magnets and could allow us to create new physical phenomena that are beyond the capabilities of current quantum materials," Lado says.


																																						
    
     




																																			Quantum magnets are materials that realize a quantum superposition of magnetic states, bringing quantum phenomena from the microscopic to the macroscopic scale. These materials feature exotic quantum excitations-including fractional excitations where electrons behave as if they were split into many parts-that do not exist anywhere outside of this material.

To manipulate how the atoms behaved inside the quantum material the researchers had assembled, they poked each individual atom with a tiny needle. This technique allows for the accurate probing of qubits at the atomic level. The needle, in reality an atomically sharp metal tip, served to excite the atoms' local magnetic moment, which resulted in topological excitations with enhanced coherence.

"Topological quantum excitations, such as those realized in the topological quantum magnet we now built, can feature substantial protection against decoherence. Ultimately, the protection offered by these exotic excitations can help us overcome some of the most pressing challenges of currently available qubits," Lado says.

In their experiment, the researchers observed that the topological excitations were resistant to perturbations, a feature that was also predicted in Lado's theoretical design. The results also showed that the quantum coherence of the topological excitations was higher than their original individual components. This finding could point to a way of turning the researchers' artificial quantum material into a building block for quantum information that is protected from decoherence.


																																																					
																				
																						More information:
												Hao Wang et al, Construction of topological quantum magnets from atomic spins on surfaces, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01775-2
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New Sisyphus cooling technique could enhance precision of atomic clocks

										 by Ingrid Fadelli										 										 , Phys.org
										 									

									
										

    
        
            [image: A Sisyphus cooling technique that could contribute to the advancement of atomic clocks]
             
                A Ytterbium optical lattice clock setup with the associated optics and vacuum setups. Credit: Andrew Ludlow @ NIST
            
        

    


Researchers in the Neutral Atom Optical Clocks Group at the National Institute of Standards and Technology (NIST), University of Colorado and Pennsylvania State University recently devised a new sub-recoil Sisyphus cooling technique that could help to improve the precision of atomic clocks.



										      
																																	This technique, outlined in a paper published in Physical Review Letters, was initially used to create a highly performing ytterbium optical lattice clock, but it could also aid in the development of other clocks and quantum metrology tools.

"Precision spectroscopy is a very broad research field with a long history," Chun-Chia Chen, co-author of the paper, told Phys.org. "Atomic physicists carry out spectroscopy studies on objects ranging from atoms and ions to molecules and more. Perhaps surprisingly, high precision spectroscopy was also done on anti-matter, which is an active field of research currently being explored at CERN."

While trying to improve the accuracy and precision of atomic clocks, Chen and his colleagues at NIST stumbled upon a paper that outlined a new scheme for the Sisyphus laser cooling of hydrogen and anti-hydrogen. Drawing inspiration from this scheme, they set out to devise a similar cooling approach that could advance the performance of their atomic clocks.

Atomic clocks are timekeeping devices that reference a frequency to the oscillatory motion of atoms. The operation of these clocks relies on high-precision spectroscopy techniques addressing atomic states with long lifetimes and an ultra-narrow transition linewidth between these states, which is typically at the sub-Hz level.


																																						
    
     




																																			"Traditionally, we use this ultra-narrow spectroscopy feature for frequency stabilization purposes, which serves as the core idea for current state-of-the-art frequency standards and optical atomic clocks," Chen explained. "However, prior to executing high precision spectroscopy, we utilize the ultra-narrow excitation together with another quantum engineering tool for the implementation of Sisyphus cooling. "



    
        
            [image: A Sisyphus cooling technique that could contribute to the advancement of atomic clocks]
             
                Principle of clock-line mediated Sisyphus cooling. Credit: Chun-Chia Chen @ NIST
            
        

    



Essentially, Chen and his colleagues strategically engineered the energy shift of their excited clock state following a periodically modulated pattern. This method allowed them to precisely control the location where a clock line excitation happens within their Sisyphus cooling process.

"More specifically, we configure the excitation condition such that it occurs preferably at the position corresponding to the bottom of the periodic potential landscape," Chen said. "Once excited, atoms lose their kinetic energy by climbing the potential and preferentially exit the potential landscape away from the potential's minimum. The cooling is realized after repetitively climbing the energy potential."

As part of their recent study, the researchers demonstrated their Sisyphus cooling scheme by leveraging the ultra-narrow transition of an Ytterbium-based optical lattice clock. However, the same approach should theoretically also be applicable to other systems equipped with narrow linewidth transitions.

"For the last two decades, the goal of realizing high precision clock spectroscopy of neutral atoms has been best achieved by creating identical trapping conditions for atoms in both the ground state and the excited clock state," Chen explained.


																																			"This is done by engineering a trap formed by lasers into a standing wave and that operates at what we call a magic-wavelength. In this situation, a difference in the trapping potential felt by the atoms in the two atomic states is essentially an enemy to the realization of a high-precision clock spectroscopy."

Most recent efforts aimed at advancing clock spectroscopy have therefore explored strategies to minimize the trap potential difference between the ground state and excited clock state. To tackle this challenge, Chen and his colleagues focused on enhancing the cooling of samples before carrying out the high precision clock spectroscopy.

"To realize improved cooling during sample preparation before executing the clock spectroscopy, we momentarily introduced an engineered spatially dependent excited state shift, which introduced more, not less, trap potential difference for the two clock states," Chen said.

"Doing so allowed us to realize the Sisyphus cooling mechanism, which in turn improved the sample condition later for better clock spectroscopy with less trap potential difference. Furthermore, the cooler temperatures helped us use shallower traps on the atoms, which also reduced this difference."

The new Sisyphus cooling technique devised by this team of researchers could soon help to improve the precision of other optical clock systems. In addition, it could be used to cool samples for other emerging technologies, including quantum information processing and computing systems. In their next studies, these researchers plan to continue using their Sisyphus cooling technique to improve the accuracy of optical lattice clocks developed at NIST.

"The additional cooling allows us to create atomic ensembles with more uniform conditions inside the magic-wavelength standing-wave laser trap," added researcher Andrew Ludlow. "This in turn allows us to more carefully and precisely characterize small effects of the trapping laser on the clock frequency.

"Furthermore, the lower temperatures allow us to hold the atoms in even weaker laser traps, where unwanted trapping effects are even smaller. After some careful measurements we are currently working on, all of this will translate to improved clock accuracy."


																																																					
																				
																						More information:
												Chun-Chia Chen et al, Clock-Line-Mediated Sisyphus Cooling, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.053401. On arXiv: DOI: 10.48550/arxiv.2406.13782
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Hubble traces star formation in nearby nebula NGC 261

										

    
        
            [image: Hubble traces star formation in a nearby nebula]
             
                NGC 261 is located within one of the Milky Way's closest galactic companions, the Small Magellanic Cloud. Credit: NASA, ESA, and L. C. Johnson (Northwestern University); Image Processing: Gladys Kober (NASA/Catholic University of America)
            
        

    


NGC 261 blooms a brilliant ruby red against a myriad of stars in this new image from NASA's Hubble Space Telescope. Discovered on Sept. 5, 1826 by Scottish astronomer James Dunlop, this nebula is located in one of the Milky Way's closest galactic companions, the Small Magellanic Cloud (SMC). The ionized gas blazing from within this diffuse region marks NGC 261 as an emission nebula. It is home to numerous stars hot enough to irradiate surrounding hydrogen gas, causing the cloud to emit a pinkish-red glow.



										    
																					Hubble turned its keen eye toward NGC 261 to investigate how efficiently stars form in molecular clouds, which are extremely dense and compact regions of gas and dust. These clouds often consist of large amounts of molecular hydrogen--cold areas where most stars form. However, measuring this raw fuel of star formation in stellar nurseries is a challenge because molecular hydrogen doesn't radiate easily. Since it is difficult to detect, scientists instead trace other molecules present in the molecular clouds.

The SMC hosts a gas-rich environment of young stars along with trace amounts of carbon monoxide (CO), a chemical correlated with hydrogen and often used to identify the presence of such clouds. Using the Advanced Camera for Surveys (ACS) and Wide Field Camera 3 (WFC3), Hubble imaged these stars in the southwest portion of the SMC where NGC 261 resides.

The combined power of ACS and WFC3 allowed scientists to closely examine the nebula's star-forming properties through its CO content at optical and near-infrared wavelengths. This research helps astronomers better understand how stars form in our home galaxy and others in our galactic neighborhood.



    
        
            [image: Hubble traces star formation in a nearby nebula]
             
                This inset image shows the location of NGC 261 within the Small Magellanic Cloud. Credit: NASA, ESA, L. C. Johnson (Northwestern University), and ESO/VISTA VMC; Image Processing: Gladys Kober (NASA/Catholic University of America)
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Spectroscopy study reveals electrons in cocatalyst periphery drive photocatalytic hydrogen evolution

										

    
        
            [image: Direct operando identification of reactive electron species driving photocatalytic hydrogen evolution on metal-loaded oxides]
             
                Schematic illustration of how the photogenerated electrons contribute to photocatalytic H2 evolution reaction on metal-loaded oxides. Not the free electrons in metal cocatalysts but the electrons trapped in the periphery of cocatalysts directly contribute to the photocatalysis. This discovery was achieved by synchronizing periodic excitations of photocatalysts with a Michelson interferometer on operando FT-IR spectroscopy. Credit: Shinichiro Kinoshita
            
        

    


Synchronizing periodic excitations of photocatalysts with a Michelson interferometer on operando FT-IR spectroscopy, researchers led by Toshiki Sugimoto succeeded in observing and identifying the reactive electron species for photocatalytic hydrogen evolution. In contrast to previous assumptions, this study demonstrates that it is not the free electrons in metal cocatalysts but the electrons trapped in the periphery of cocatalysts that directly contribute to the photocatalysis.



										      
																																	The findings are published in the Journal of the American Chemical Society.

Since the discovery of photoelectrochemical hydrogen evolution by Honda and Fujishima in 1972, heterogeneous photocatalysis has been intensively investigated and is still a hot topic in science and technology. In particular, understanding of reactive electron species and active reaction sites on photocatalytic reduction reaction are vital for designing and manufacturing innovative catalysts with improved evolution activity of hydrogen as a sustainable energy carrier.

However, despite its fundamental importance, microscopic understanding of photocatalysis remains a highly challenging issue owing to an inherent difficulty in experimentally observing and extracting weak spectroscopic signals originating from the photoexcited reactive electron species.

This is predominantly due to the inevitable temperature increment for catalyst samples under actual photocatalytic reaction conditions upon continuous photon irradiation. In this case, the weak signals derived from reactive photoexcited electron species are readily overwhelmed by intense background signals originating from thermally excited nonreactive electrons.



    
        
            [image: Direct operando identification of reactive electron species driving photocatalytic hydrogen evolution on metal-loaded oxides]
             
                Typical time profiles of the net temperature of the Pt/Ga2O3 photocatalyst particles subjected to (red line) continuous UV irradiation ([?]90 mW cm-2) and (blue line) periodic UV irradiation with [?]5 Hz modulation at a partial pressure of methane gas (PCH4) of 30 kPa and a partial pressure of water vapor (PH2O) of 2 kPa. Inset: Schematic of the continuous and periodic UV irradiation. During periodic UV irradiation, excitation light irradiation (ON) and nonirradiation (OFF) are periodically repeated by an optical chopper; this significantly suppresses the increase in the instantaneous temperature of the sample. Credit: Hiromasa Sato, Toshiki Sugimoto
            
        

    



Researchers (Dr. Hiromasa Sato and Prof. Toshiki Sugimoto) at the Institute for Molecular Science, The Graduate University for Advanced Studies, SOKENDAI succeeded in significantly suppressing the signals derived from thermally excited electrons and observing the reactive photogenerated electrons contributing to the photocatalytic hydrogen evolution.


																																						
    
     




																																			This innovation was achieved by a new method based on synchronization of the millisecond periodic excitations of photocatalysts with a Michelson interferometer used for FT-IR spectroscopy. This demonstration was achieved with metal-loaded oxide photocatalysts under steam methane reforming and water splitting conditions.

Although it has long been conventionally believed that loaded metal cocatalysts function as sinks for reactive photogenerated electrons and active sites for reduction reactions, they found that the free electron species in the metal cocatalysts were not directly involved in the photocatalytic reduction reaction. Alternatively, the electrons shallowly trapped in the in-gap states of oxides contributed to enhancing the hydrogen evolution rate upon the loading of metal cocatalysts.



            	
            
                [image: Direct operando identification of reactive electron species driving photocatalytic hydrogen evolution on metal-loaded oxides]
                 
                    Operando IR spectra of electron species and correlations between the band intensity and formation rates of gaseous products. (a) Operando IR absorbance-change spectra of the Pt/Ga2O3 samples measured under steam methane reforming at PH2O = 2 kPa and different PCH4 values. Typical IR spectra of free electrons (purple), electrons in shallowly trapped (ST) states (red), and electrons in deeply trapped (DT) states (blue) are shown in the bottom panel. (b) Intensities of absorption bands corresponding to free electrons (Ifree), ST electrons (IST), and DT electrons (IDT) as a function of PCH4. PCH4 dependence of the H2 formation rate is shown on the right axis. (c) Operando IR absorbance-change spectra of the Pt/Ga2O3 samples measured under water splitting in the presence of small amount of methane gas (5 kPa). (d) Intensities of absorption bands corresponding to ST electrons (IST) as a function of PH2O. PH2O dependence of the formation rates of H2 and O2 derived from water splitting reaction is shown on the right axis. Credit: Hiromasa Sato, Toshiki Sugimoto
                
            

        

            	
            
                [image: Direct operando identification of reactive electron species driving photocatalytic hydrogen evolution on metal-loaded oxides]
                 
                    Schematic illustration of how the ST electrons contribute to photocatalytic H2 evolution reaction. This reaction is initiated by the reduction of protons by the ST electrons on the metal-induced semiconductor surface states at the periphery of the metal cocatalysts. The H atoms produced in the reduction reaction diffuse on the metal cocatalyst and associate to evolve H2 molecules. Credit: Hiromasa Sato, Toshiki Sugimoto
                
            

        

    

The electron abundance in the in-gap states, especially metal-induced semiconductor surface states, was clearly correlated to the reaction activity, suggesting that such metal-induced semiconductor surface states formed in the periphery of the metal cocatalyst play key roles in the photocatalytic hydrogen evolution.

These microscopic insights shift a paradigm on the traditionally believed role of metal cocatalysts in photocatalysis and provide a fundamental basis for rational design of the metal/oxide complex interfaces as promising platforms for nonthermal hydrogen evolution.

Furthermore, the new approach of operando infrared spectroscopy is widely applicable to other catalytic reaction systems and materials driven by the aid of photons and/or external electric field/potential. Therefore, the new approach could have great potential to uncover hidden key factors to enhance catalyst performance.
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												Hiromasa Sato et al, Direct Operando Identification of Reactive Electron Species Driving Photocatalytic Hydrogen Evolution on Metal-Loaded Oxides, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.3c14558
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            [image: Researchers create a practical formate/bicarbonate energy system]
             
                The principal concept of chemical hydrogen storage considering energy density and chemical hazards of hydrogen carriers. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-51658-2
            
        

    


Researchers are still looking for an ideal way to safely and stably store hydrogen, the beacon of hope for the energy transition. Researchers from the Leibniz Institute for Catalysis in Rostock, LIKAT, and the company H2APEX report on how this volatile and combustible gas can be tamed safely and with simple "ingredients." The study is published in Nature Communications.



										      
																																	Together, they developed a homogeneous catalyst system with which they can bind hydrogen (H2) to potassium bicarbonate and thus store it chemically in a safe and stable manner. Bicarbonate is a salt of carbonic acid, commonly known as baking powder or baking soda.

The hydrogen reacts with bicarbonate in the described system in the presence of a ruthenium catalyst to formate, an equally harmless salt, namely that of formic acid. "We can release the hydrogen stored in the formate again at any time--with the same catalyst, in the same system," explains Dr. Rui Sang and Ph.D. student Carolin Stein, both first authors of the scientific publication. Such a reaction, which can proceed in either direction, is called reversible.

According to research group leader Dr. Henrik Junge, the system works stably at temperatures of about 60degC. The reaction takes place in a solution containing all the chemical substances involved: Hydrogen and bicarbonate as well as the catalyst, which makes the reaction possible in the first place and is not consumed in the process itself.

In the process described in this latest publication, it is based on ruthenium, which is commercially available. In the end, the solution also contains the newly formed formate--the actual H2 store.

The system is also easy to control technically, says Dr. Sponholz, Head of Research at H2APEX: "Depending on the pressure at which I add the hydrogen to the system, the gas is either bound to the bicarbonate to form formate or the reaction is reversed and the formate releases the hydrogen again."


																																						
    
     




																																			Easy to store and transport

Hydrogen plays a key role in alternative energy supply scenarios. And methanol, ammonia and methane are being discussed as storage media for a future hydrogen economy. Formic acid salts have an advantage over these storage media in terms of the toxicity of the substances and energy consumption. Formate could be easily stored in plastic containers and transported in tankers. Henrik Junge says, "Basically like milk, beer or diesel."

Together with bicarbonate, the formate forms an energy system that is charged or discharged via hydrogen like a battery. Such a system is actually suitable for use in local, rural areas in particular. There, wind power or solar energy can produce green hydrogen via electrolysis during phases when more electricity is supplied than is consumed, which is then stored as formate.

In the cooperation between LIKAT and H2APEX, one of the researchers' aims is to store as much hydrogen as possible in the formate. This is influenced by the storage density, solubility and molarity of the salt used, properties which in turn depend on its counter ion. This is because salts usually consist of ions of opposite charge, the cation and the anion.

After testing several candidates and weighing up the pros and cons, the decision was made to use potassium, says Dr. Peter Sponholz. The salt that is charged with hydrogen in the battery is therefore precisely called potassium bicarbonate. By the way: baking powder for the kitchen usually contains sodium bicarbonate.


																																			40 cycles for a climate-neutral process

The authors emphasize that the process is CO2 -neutral. Normally, when hydrogen is recovered, some of the bicarbonate is decomposed into CO2 and released, explains Carolin Stein. "Our system, on the other hand, holds the CO2 permanently." This means that pure hydrogen can be obtained from this storage system, which can be used directly in a fuel cell without further purification.

In their paper, the authors report 40 consecutive cycles of hydrogen storage and release over a period of six months. Using minimal amounts of the ruthenium catalyst in the ppm range, the chemists produced 50 liters of hydrogen with an average purity of 99.5% with their laboratory system.

The company H2APEX in Rostock-Laage is using these results, among other things, to build a larger demonstrator, for which the industrial partner is also using the institute's technical center, Catalysis2Scale. If everything goes as planned, the corresponding plant will be commercialized by the end of 2025, and the chemical symbol for hydrogen atoms, H, will then also mean H for hope for the energy transition.


																																																					
																				
																						More information:
												Rui Sang et al, Development of a practical formate/bicarbonate energy system, Nature Communications (2024). DOI: 10.1038/s41467-024-51658-2
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                Novel trifunctional sphingomyelins (TFSM) can be used to visualise Chlamydia inclusions within infected human cells and enables the detection of native sphingomyelin derivatives in non-infectious reticulate bodies (yellow circles) and metabolized sphingomyelin derivatives in infectious elementary bodies (green dots). Credit: Jurgen Seibel / Universitat Wurzburg
            
        

    


Researchers from Wurzburg and Berlin present a new molecule for visualizing the sphingomyelin metabolism. This offers prospects for innovative therapeutic approaches in infection research. The work is published in the journal Nature Communications.



										      
																																	At the end of the 19th century, German pathologist Ludwig Thudichum isolated previously unknown fatty substances (lipids) from the brain. He named the new class of molecules sphingolipids--after the Greek mythical creature Sphinx, out of respect for "the many riddles it posed to the researcher."

Since then, many diseases have been discovered that are caused by a faulty sphingolipid metabolism in the brain, including Fabry's disease and Gaucher's disease. Sphingolipids also have been connected to infectious diseases, for instance, viral infections with Ebola, measles or COVID-19, as well as bacterial infections with Pseudomonas aeruginosa or Staphylococcus aureus, which can cause middle ear infection, skin and lung infections and many other diseases.

In these infections, the degradation of the molecule sphingomyelin by the enzyme sphingomyelinase is often a crucial step. However, visualizing the enzyme's activity was previously impossible.

A new chemical probe to fill the gap

Researchers from Wurzburg and Berlin have now succeeded in developing a sphingomyelin derivative that can be used to visualize the distribution of sphingomyelin and the activity of sphingomyelinase in infection processes.

The scientists are part of the Research Training Group 2581 "Metabolism, topology and compartmentalization of membrane proximal lipid and signaling components in infection." The chemists, physicists and biologists collaborated to synthesize novel chemical compounds and test their applicability in infection research.

"The new molecules are trifunctional sphingomyelins based on the natural product sphingomyelin and equipped with three additional functions. It was difficult to design such molecules that are accepted by the metabolism like its natural origin," says Professor Jurgen Seibel from the Institute of Organic Chemistry at Julius-Maximilians-Universitat (JMU) Wurzburg in Bavaria, Germany.


																																						
    
     




																																			Sphingomyelin degradation during development of Chlamydia bacteria imaged

The scientists demonstrated the function of their newly developed molecules not only by determining the activity of a bacterial sphingomyelinase on the surface of human cells, but they also visualized sphingomyelin degradation within human cells during the course of an infection with intracellular Chlamydia bacteria, which are known to infect the human genital tract and are suspected to contribute to the development of cancer in infected tissues.

Within their host cells, Chlamydia form a replicative organelle called an inclusion. The researchers showed that chlamydial inclusions mainly contain the cleaved forms of the trifunctional sphingomyelins.

Using so-called expansion microscopy and click-chemistry, they observed that the proportion of metabolized sphingomyelin molecules increased during the maturation of non-infectious to infectious Chlamydia particles. By being able to visualize this infection process, new targeted strategies against these infections can now be developed.

"The new chemical tool will certainly serve us well and can readily be used in many laboratories," Professor Seibel states. "Our aim is to use it to identify novel anti-infectious or immunotherapeutic strategies for drug development that can be used to combat infectious diseases by modulating sphingolipid metabolism."


																																																					
																				
																						More information:
												Marcel Ruhling et al, Trifunctional sphingomyelin derivatives enable nanoscale resolution of sphingomyelin turnover in physiological and infection processes via expansion microscopy, Nature Communications (2024). DOI: 10.1038/s41467-024-51874-w
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Team using AI finds a cheaper way to make green hydrogen
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                CGCNN-HD model architecture. Credit: Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c01353
            
        

    


Researchers at the University of Toronto are using artificial intelligence to accelerate scientific breakthroughs in the search for sustainable energy. They have used the Canadian Light Source (CLS) at the University of Saskatchewan (USask) to confirm that an AI-generated "recipe" for a new catalyst offered a more efficient way to make hydrogen fuel.



										      
																																	To create green hydrogen, you pass electricity that's been generated from renewable resources between two pieces of metal in water. This causes oxygen and hydrogen gases to be released. The problem with this process is that it currently requires a lot of electricity and the metals used are rare and expensive.

Researchers are searching for the right alloy, or combination of metals, that would act as a catalyst to make this reaction more efficient and affordable. Traditionally, this search would involve trial and error in the lab, but when you are trying to find the proverbial needle in a haystack, this approach takes too much time.

"We're talking about hundreds of millions or billions of alloy candidates, and one of them could be the right answer," said Jehad Abed. He was part of a team that developed a computer program to significantly speed up this search.

The findings are published in the Journal of the American Chemical Society. At the time of this project, Abed was a Ph.D. student under the supervision of Edward Sargent at the University of Toronto working alongside scientists at Carnegie Mellon University.



    
    
    
        
        
    
         
             
         

        Credit: Canadian Light Source
  

The AI program the team developed took over 36,000 different metal oxide combinations and ran virtual simulations to assess which combination of ingredients might work the best. Abed then tested the program's top candidate in the lab to see if its predictions were accurate.


																																						
    
     




																																			The team used the CLS's ultra-bright X-rays to analyze the catalyst's performance during a reaction. "What we needed to do is use that very bright light at the Canadian Light Source to shine it on our material and see how the atomic arrangements would change and respond to the amount of electricity that we put in," said Abed. The researchers also used the Advanced Photon Source at the Argonne National Laboratory in Chicago.

The alloy, a combination of the metals ruthenium, chromium, and titanium in specific proportions, was a clear winner, according to Abed.

"The computer's recommended alloy performed 20 times better than our benchmark metal in terms of stability and durability," he said. "It lasted a long time and worked efficiently."

While the AI program Jehad and colleagues developed shows great promise, the material itself still needs to undergo lots of testing to ensure it will last under "real world" conditions.

"The computer was right about this alloy being more effective and stable. That was a breakthrough because it shows that this method for finding better catalysts is working," said Abed. "What would take a person years to test, the computer can simulate in a matter of days."

The researchers are hopeful that AI will offer a faster route to finding the answers we need to make green energy practical for widespread use.


																																																					
																				
																						More information:
												Jehad Abed et al, Pourbaix Machine Learning Framework Identifies Acidic Water Oxidation Catalysts Exhibiting Suppressed Ruthenium Dissolution, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c01353
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Chemical engineers at the University of British Columbia have developed a new treatment that traps and treats PFAS substances--widely known as "forever chemicals"--in a single, integrated system.



										      
																																	The research appears in Nature Communications Engineering.

Per- and polyfluoroalkyl substances (PFAS) are widely used in manufacturing consumer goods like waterproof clothing due to their resistance to heat, water and stains. However, they are also pollutants, often ending up in surface and groundwater worldwide, where they have been linked to cancer, liver damage and other health issues.

"PFAS are notoriously difficult to break down, whether they're in the environment or in the human body," explained lead researcher Dr. Johan Foster, an associate professor of chemical and biological engineering in the faculty of applied science. "Our system will make it possible to remove and destroy these substances in the water supply before they can harm our health."

Catch and destroy

The UBC system combines an activated carbon filter with a special, patented catalyst that traps harmful chemicals and breaks them down into harmless components on the filter material. Scientists refer to this trapping of chemical components as adsorption.

"The whole process is fairly quick, depending on how much water you're treating," said Dr. Foster. "We can put huge volumes of water through this catalyst, and it will adsorb the PFAS and destroy it in a quick two-step process. Many existing solutions can only adsorb while others are designed to destroy the chemicals. Our catalyst system can do both, making it a long-term solution to the PFAS problem instead of just kicking the can down the road."


																																						
    
     




																																			No light? No problem

Like other water treatments, the UBC system requires ultraviolet light to work, but it does not need as much UV light as other methods.

During testing, the UBC catalyst consistently removed more than 85% of PFOA (perfluorooctanoic acid, a type of forever chemical) even under low light conditions.

"Our catalyst is not limited by ideal conditions. Its effectiveness under varying UV light intensities ensures its applicability in diverse settings, including regions with limited sunlight exposure," said Dr. Raphaell Moreira, a professor at Universitat Bremen who conducted the research while working at UBC.

For example, a northern municipality that gets little sun could still benefit from this type of PFAS solution.

"While the initial experiments focused on PFAS compounds, the catalyst's versatility suggests its potential for removing other types of persistent contaminants, offering a promising solution to the pressing issues of water pollution," explained Dr. Moreira.

From municipal water to industry cleanups

The team believes the catalyst could be a low-cost, effective solution for municipal water systems as well as specialized industrial projects like waste stream cleanup.

They have set up a company, ReAct Materials, to explore commercial options for their technology.

"Our catalyst can eliminate up to 90% of forever chemicals in water in as little as three hours--significantly faster than comparable solutions on the market. And because it can be produced from forest or farm waste, it's more economical and sustainable compared to the more complex and costly methods currently in use," said Dr. Foster.


																																																					
																				
																						More information:
												Raphaell Moreira et al, Hybrid graphenic and iron oxide photocatalysts for the decomposition of synthetic chemicals, Communications Engineering (2024). DOI: 10.1038/s44172-024-00267-4
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Using high resolution mass spectrometry to study fuel chemistry
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U.S. Naval Research Laboratory researcher Mark Romanczyk, Ph.D., developed new analytical methods to rapidly analyze fuels and complex petroleum products by using high-resolution mass spectrometry.



										      
																																	The approaches Romanczyk utilized enable highly detailed qualitative analysis of complex mixtures in minutes. One recent method facilitated the investigation of chemical changes that occurred in weathered crude oil in terrestrial environments. Several of the methods were recently published in the science journal Fuel.

"Despite the accidental rise of oil spilled onto landmasses, less research has been dedicated to evaluating the compositional changes/fate of oil prior to its introduction into bodies of water" said Romanczyk. "The lack of information affords an opportunity to investigate and qualitatively characterize oil as a function of weathering time in the absence of an aqueous environment. These studies may provide highly useful information for oil spill cleanup and exposure concerns."

Upon direct sun exposure, the lightest aromatic hydrocarbons (i.e., alkylbenzenes, alkyltetralins with total carbons of approximately twelve) in the crude oil evolved in the first 24 hours of weathering. After 24 hours, a thin film formed on the surface trapping the lightest aromatic hydrocarbons where the overall composition remained unchanged.

However, the heaviest aromatic hydrocarbons (i.e., naphthalenes, anthracenes) showed evidence of photooxidation, despite film formation. The results demonstrate that the compositional changes of oil in a terrestrial environment may differ from that of an aquatic environment as wave action will likely stir the oil, preventing film formation.


																																						
    
     




																																			Additional methods have been used to detect and characterize heteroatom-containing compounds (HCCs) in fuels. HCCs are a concern for fuel stability as they initiate adverse chemical reactions. The novel methods discovered new classes of HCCs not previously documented and aid in linking the composition of fuel to performance and properties.

"The approaches Mark and his colleagues are developing enable highly detailed analysis of fuel composition in minutes," said Kevin J. Johnson, Ph.D., head, Navy Technology Center for Safety and Survivability. "I think this is going to lead to significant advancements in the near future in how we formulate and handle fuels in the Navy and Department of Defense."

Currently, Romanczyk is developing novel links between fuel compositions and stability properties and analytical techniques that detect PFAS (Per- and polyfluoroalkyl substances) at the parts per billion level. He also studies the weathering of crude oil.


																																																					
																				
																						More information:
												Mark Romanczyk et al, Compositional analysis and fate of aromatic hydrocarbons in weathered crude oil in a non-aqueous environment by using a high-resolution orbitrap mass spectrometer, Fuel (2024). DOI: 10.1016/j.fuel.2024.132379
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        Like people, vultures get set in their ways and have fewer friends as they age
        If you'd rather be watching TV on your couch than dancing at the club, you might have something in common with aging griffon vultures. New research shows that young griffon vultures move frequently between sleeping sites in different locations and interact with many friends but get set in their ways as they age, roosting in the same spots with the same individuals. As moving between roosts becomes a grind, older vultures follow the same path, establishing movement routines that are not seen in yo...

      

      
        Diverse crop rotations reduce risk of crop loss under poor growing conditions
        Researchers at the U.S. Department of Agriculture's Agricultural Research Service (ARS) are responding to the increasingly uncertain climate. The warmer and more unpredictable weather has been a source of instability on U.S. farms. ARS agroecologists turned to history for a solution to this challenge, which inspired them to better understand the benefits of crop rotations.

      

      
        Machine-learning models can predict colonization outcomes of complex microbial communities
        Microbial communities are constantly exposed to the invasion of exogenous species, which can significantly alter their composition and function. The capacity of a microbial community to resist invasion is regarded as an emergent property resulting from the complex interactions among its constituent species.

      

      
        Avian flu has infected dairy cows in more than a dozen states--a microbiologist explains how the virus is spreading
        The current strain of avian flu, H5N1, is responsible for the culling of millions of domestic birds and has sickened more than a dozen farmworkers in 2024, most recently in Colorado.

      

      
        They come from above: Here's why magpies, magpie-larks and lapwings swoop in spring
        If you live in Australia or New Zealand, the coming of spring is a mixed blessing. The days get warmer. Flowers bloom. Birds nest.

      

      
        Ocean heat is changing marine food webs--with far-reaching consequences for NZ fisheries and sea life
        The global ocean continues to warm at a concerning rate.

      

      
        Novel motion simulator reveals key role of air flow in rodent navigation
        How are rodents able to navigate pitch-black subway tunnels or other dark environments so adeptly, despite not being able to rely on vision?

      

      
        Scientists discover how starfish get 'legless'
        Researchers at Queen Mary University of London have made a discovery about how starfish manage to survive predatory attacks by shedding their own limbs. The team has identified a neurohormone responsible for triggering this remarkable feat of self-preservation. The study is published in the journal Current Biology.

      

      
        What's in the foods we eat? Researchers develop a food microbiome database
        Microbes are part of the food we eat and can influence our own microbiome, but we know very little about the microbes in our foods. Now, researchers have developed a database of the "food microbiome" by sequencing the metagenomes of 2,533 different foods.

      

      
        New research busts the myth that crossbred 'designer dogs' are healthier than pedigrees
        Labradoodles, puggles, dorgis, cavoodles, cavapoos: Whatever you call them, there's no escaping the explosion of designer crossbreeds parading along our streets and through our dog parks these days.

      

      
        Bacterial defense strategy has potential application in genome editing
        Scientists who have described in a new study the step-by-step details of a bacterial defense strategy see the mechanism as a promising platform for development of a new genome-editing method.

      

      
        Protein mutant stability can be inferred from AI-predicted structures
        Researchers at the Center for Algorithmic and Robotized Synthesis within the Institute for Basic Science have taken a significant step forward in understanding the stability of proteins by leveraging the power of AI.

      

      
        Shedding light on the mechanism of yeast DNA repair
        DNA damage is a cellular phenomenon that introduces structural abnormalities in double-stranded DNA. External factors, such as radiation or chemical agents, as well as internal factors, such as blocked DNA replication, can generate double-strand breaks (DSBs) in DNA.

      

      
        New knowledge about cell receptors paves the way for future drugs against intestinal tumors
        A new study from Karolinska Institutet published in Nature Communications provides valuable insights into the activation of receptors on the cell surface. The knowledge could lead to new targeted therapies and drugs against intestinal tumors, among other cancers.

      

      
        Compounds from nucleic acids in food show anticancer effects
        When people eat, they ingest the nucleic acids that reside in all living things. The compounds in these acids could inhibit the growth of cancer cells, according to findings published in PLOS ONE by Osaka Metropolitan University Associate Professor Akiko Kojima-Yuasa of the Graduate School of Human Life and Ecology and colleagues.

      

      
        Study shows an electrically-activated protein regulates spermatogenesis
        Frankenstein's monster was brought to life by the judicious application of a little electricity; and a surprising number of processes in our bodies are regulated by electrical currents too. Now, researchers from Japan reveal that electricity may play a key role in male fertility.

      

      
        The good, the bad, and the cleaved: 14-3-3e in viral battles
        Scientists from NTU have made a discovery about a protein named 14-3-3e, revealing its complex role in the host's defense against RNA viruses.
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Like people, vultures get set in their ways and have fewer friends as they age
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                A griffon vulture--besties not pictured--in flight. Credit: Pierre Dalous
            
        

    


If you'd rather be watching TV on your couch than dancing at the club, you might have something in common with aging griffon vultures. New research shows that young griffon vultures move frequently between sleeping sites in different locations and interact with many friends but get set in their ways as they age, roosting in the same spots with the same individuals. As moving between roosts becomes a grind, older vultures follow the same path, establishing movement routines that are not seen in young vultures.



										      
																																	Younger vultures also shy away from the most popular roosts, suggesting they might be intimidated by the older ones or that there's a vulture equivalent of "Hey you kids, get off my lawn."

The research, published in Proceedings of the National Academy of Sciences, shows that like many people, older vultures tend to have fewer, more selective friendships with stronger bonds. They may also have a more thorough knowledge of where to find food resources.

Eurasian griffon vultures, or Gyps fulvus, are large vultures that live in the Mediterranean, the Middle East and India. With wingspans up to 9 feet, they're much larger than North American turkey vultures and bigger than bald eagles.

Finding food can be tricky for vultures because it depends on locating animal carcasses--an unpredictable and ephemeral source. When griffon vultures find a carcass, they tend to sleep or roost nearby and feed on it over a period of days. Roosting sites can thus be "information hubs," where vultures that recently fed signal to others about food sources; they then follow each other to carcasses and form friendships that help them stay in the loop about food.

The researchers wanted to know if an individual griffon vulture's movement patterns and social behavior changed over the course of its life. They used GPS data from 142 individually tagged birds in Israel gathered over a period of 15 years to cross-reference the vultures' ages with their movement and social interactions at roost sites.


																																						
    
     




																																			"What we found was as they age, their loyalty to certain roost sites increases," said co-author Noa Pinter-Wollman, a UCLA professor of ecology and evolutionary biology. "Young vultures check out many different roosts but in middle age, they start going repeatedly to the same places."

The study showed young vultures sometimes returned to the same roost but usually chose different ones, rarely spending two nights in the same place. From young adulthood at around 5 years old through middle age, they spent about half their nights at the same "home" site and half elsewhere. In old age, they became true homebodies.

"When they are old, from the age of 10 onward, they no longer have the energy to be 'out and about' and return consistently to the same site," said corresponding author Orr Spiegel of Tel Aviv University. "Those who were adventurous at the age of 5 became more sedentary by age 10."

As the vultures grew older, the strength of their social bonds decreased as well for at least part of the year. The number of individuals they interacted with didn't change with age--if they had five friends when young, they still had five when older. But the amount of time they spent with vultures outside of their close friend group plummeted. Older vultures spent most of their time with and roosted mostly with these close friends. Their movements also became more routine, eventually following a predictable pattern.

The study is unique because the researchers were able to track the movements and social behaviors of the same vultures for up to 12 nearly consecutive years over a 15-year period.


																																			"We are able to show that the trends of individuals becoming more loyal to the same sites with age is not because the more exploratory individuals die earlier and live shorter lives, and the older, more sedentary individuals live longer lives," said first author and Tel Aviv University postdoctoral fellow Marta Acacio. "Individuals actually change their behavior with age, and this has rarely been shown in nature for long-lived birds due to the difficulty of tracking individuals for such a long time."

The research backs up findings from studies in other species that, with age, animals become more faithful to their known sites and routines--and potentially become more selective in their social relationships. These behaviors are commonly attributed to aging in humans and can help improve understanding of how animal populations move about in their environments and relate to other members of their species, as well as identify better ways to protect them from threats.

For griffon vultures, this could mean better protection of important roosting sites and using knowledge about their social interactions to reduce the risk of poisoning.

"It looks like they just get set in their ways," Pinter-Wollman said. "They've gathered information over the years, and they might as well use it. Carcasses are hard to come by and roosts are information hubs. Some roosts become popular for a reason; for example, they tend to be closer to reliable food sources and older vultures potentially monopolize these roosts."


																																																					
																				
																						More information:
												Marta Acacio et al, Behavioral plasticity shapes population aging patterns in a long-lived avian scavenger, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2407298121
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Diverse crop rotations reduce risk of crop loss under poor growing conditions
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Researchers at the U.S. Department of Agriculture's Agricultural Research Service (ARS) are responding to the increasingly uncertain climate. The warmer and more unpredictable weather has been a source of instability on U.S. farms. ARS agroecologists turned to history for a solution to this challenge, which inspired them to better understand the benefits of crop rotations.



										      
																																	Growing a sequence of different crops in rotation has been practiced for millennia. Crop rotations can rebuild soil health, fight pests and diseases, and spread-out the risks of various pests and crop diseases.

Crop rotation also increases the sustainability of agricultural systems and reduces risk from increasingly adverse weather. However, widespread adoption of diverse crop rotations is limited by economic uncertainty, lack of incentives, and inadequate information about long-term outcomes.

ARS researchers have compiled data from 20 long-term experiments spanning up to six decades to compare outcomes from different crop rotations across North America. Their aim was to assess changes in outcomes under different growing conditions for individual crops, such as corn or soybean, in the crop rotations. They also looked at the outcomes of the complete rotation as a whole--not just the components.

By examining both, they could quantify the benefits and trade-offs of crop rotations. Outcomes tended to be better for individual crops when grown in more diverse crop rotations across all growing conditions. Outcomes of complete rotation depended on which crops were grown in the crop rotation.

This shows that the composition of crop rotations was a bigger factor than individual crop performance. Diverse rotations improved outcomes of complete rotations under poor growing conditions. This illustrates how diverse rotations can reduce the risk of crop loss in a changing climate.


																																						
    
     




																																			"Our results add to the growing body of evidence that is essential to removing the barriers that prevent adoption of sustainable farming practices," said ARS ecologist Katherine Muller. "To our knowledge, no long-term, multi-site studies have attempted to understand the effect of changing the rotation on the performance of both the complete rotation and its component crops simultaneously."

Many farmers face steep hurdles to diversify their crop rotations. More diverse rotations may make management more complex and may require new equipment. Farmers may also need to learn how to grow new crops and develop an understanding of how the crops fit in their operation.

Farmers can benefit since more diverse rotations can reduce the amount of fertilizer or pesticides needed to maintain productivity. This is welcome news for farmers facing another source of instability: price swings for nitrogen fertilizer.

Though effective, more diverse rotations may take years to show results, which is why long-term agricultural field experiments are a valuable source of evidence. The DRIVES Network (Diverse Rotations Improve Valuable Ecosystem Services) has combined data from 20 long-term experiments to investigate the impacts of crop diversity across multiple regions and production systems.

The DRIVES Network is expanding the number of experiments in their database, which will help farmers by providing estimates of the benefits and costs of managing more diverse rotations. In addition to economic performance, the DRIVES Network will also provide evidence of how diverse rotations can reduce the vulnerability of cropping systems to adverse weather. By pairing long-term yield data with weather variables, like vapor pressure deficit or heat stress, researchers will be able to show how and when vulnerability is being reduced.

"Long-term field experiments are national treasures for capturing dynamics in slow-moving variables like soil characteristics, or responses under erratic conditions, like droughts. Both of these variables are critical to understanding how agricultural systems can adapt to climate change," said NC State's Ann Bybee-Finley, assistant professor of crop and soil sciences who began this research while completing her post-doctoral studies at ARS.

"The DRIVES Network aims to connect data from long-term experiments with crop rotations across North America and make it available to the public."

This research, published in One Earth, will continue within ARS and with research partners.
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												K. Ann Bybee-Finley et al, Rotational complexity increases cropping system output under poorer growing conditions, One Earth (2024). DOI: 10.1016/j.oneear.2024.07.008
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Machine-learning models can predict colonization outcomes of complex microbial communities

										 by 										 Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences									
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Microbial communities are constantly exposed to the invasion of exogenous species, which can significantly alter their composition and function. The capacity of a microbial community to resist invasion is regarded as an emergent property resulting from the complex interactions among its constituent species.



										      
																																	The ability to predict and modify colonization outcomes (i.e., prevent the engraftment of pathogens and promote the engraftment of probiotics) is crucial for personalized microbiota-based interventions in nutrition and medicine. Despite accumulating empirical studies, predicting colonization outcomes in complex communities remains a fundamental challenge due to limited knowledge of interspecies interactions.

Recently, a research team led by Prof. Dai Lei from the Shenzhen Institute of Advanced Technology (SIAT) of the Chinese Academy of Sciences, in collaboration with other researchers, developed a data-driven approach that is independent of any dynamic models to predict the colonization outcomes of exogenous species in complex microbial communities without detailed knowledge of the underlying ecological and biochemical processes.

The study was published in Nature Communications on March 16.

In this study, the researchers systematically evaluated the proposed data-driven approach using synthetic data generated from classical ecological dynamical models and in vitro human stool-derived microbial communities. They found that, with a sufficient sample size in the training data [on the order of ~O(N)], colonization outcomes (i.e., whether an exogenous species can establish and what its abundance would be if it does establish) can be predicted using machine learning models.


																																						
    
     




																																			The researchers then generated large-scale datasets with in vitro experimental outcomes of two representative species colonizing human stool-derived microbial communities. They validated that machine learning models could also predict colonization outcomes in experiments (AUROC > 0.8).

Furthermore, the researchers used machine learning models to identify species with significant colonization impacts and empirically demonstrated that the introduction of highly interacting species can substantially modify colonization outcomes.

"Our results show that the colonization outcomes of complex microbial communities can be predicted via data-driven approaches and are tunable," said Prof. Dai.

"Data-driven methodologies are powerful tools for biologists. Combined with advancements in predicting the characteristics of complex biomolecules, I anticipate that this approach will precipitate a paradigm shift in studying the stability and function of intricate ecological systems and facilitate significant applications in health care and agriculture."


																																																					
																				
																						More information:
												Lu Wu et al, Data-driven prediction of colonization outcomes for complex microbial communities, Nature Communications (2024). DOI: 10.1038/s41467-024-46766-y
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The current strain of avian flu, H5N1, is responsible for the culling of millions of domestic birds and has sickened more than a dozen farmworkers in 2024, most recently in Colorado.



										      
																																	The Conversation U.S. asked immunologist and microbiologist Jenna Guthmiller from the University of Colorado Anschutz Medical Campus to explain the historical roots of H5N1, its mode of transmission and how to avoid coming into contact with it.

What is H5N1?

H5N1 is a subtype of influenza A viruses. Other commonly known influenza A virus subtypes include H1N1 and H3N2, which cause seasonal outbreaks in humans.

Unlike H1N1 and H3N2, H5N1 largely infects wild birds, with waterfowl such as ducks and geese being the natural reservoirs for H5N1 viruses. Most H5N1 viruses are highly pathogenic avian influenza, meaning spillovers into other bird populations can lead to high mortality rates, including domesticated poultry.

H5N1 viruses were first identified in 1959 due to an outbreak in domesticated chickens in Scotland. In 1996, waterfowl were identified as the natural reservoir for H5N1.

Since its identification, H5N1 viruses have led to four major outbreaks: in 1997, 2003-2005, 2015 and 2021 to the present. The outbreaks in 1997 and 2003-2005 led to substantial spillover to humans.

Since 2003, nearly 900 H5N1 infections in humans have been recorded. Of those infections, more than half were fatal.


																																						
    
     




																																			Where did H5N1 originate?

The current outbreak of H5N1 started in late 2021 and derives from the virus that caused a major outbreak in 2015.

Since 2021, H5N1 strains have spread to six continents by migratory birds. Spillover to domestic poultry has led to the culling of millions of domestic birds

Researchers have documented the current H5N1 strain in numerous mammals, with it largely affecting aquatic mammals like seals and scavenger mammals. Sporadic spillover to domestic mammals has been recorded, including to minks, goats and alpacas.

In March 2024, the U.S. Department of Agriculture reported an outbreak of H5N1 in lactating dairy cows. As of Aug. 27, 192 herds in 13 states have been confirmed H5N1 positive.

Dairy cow-associated H5N1 viruses have since jumped back into wild birds, and recent outbreaks in domestic poultry resembled H5N1 in dairy cows. Between May and July 2024, 13 confirmed H5N1 infections have occurred in humans, with all cases directly linked to dairy farms and poultry culling.


																																			Why did the avian flu become more widespread?

It is unclear why H5N1 has become such a widespread problem. H5N1, like all influenza viruses, rapidly mutates to infect new hosts. However, H5N1 has several features that could increase its host range.

First, H5N1 viruses use a protein called hemagglutinin that allows H5N1 to infect with new hosts.

Second, my research group identified a mutation in H5N1 viruses causing the dairy cow outbreak that allows hemagglutinin to bind to its receptor more efficiently.

Lastly, H5N1 viruses are mutating genes associated with replication and immune evasion that are known to increase the infection of mammals.

Together, these factors could heighten H5N1 transmission and increase H5N1 spillover to mammals.

How is the strain transmitted to dairy cattle?

H5N1 viruses are largely causing infections in the mammary glands of cattle rather than the respiratory tract, which is the main site of infection for other influenza viruses in mammals. Recent studies have shown that the mammary tissue has receptors for H5N1, which could make this tissue susceptible to infection.

Since the infection is largely restricted to the mammary glands, researchers believe that H5N1 is being transmitted to cows by contaminated milk equipment, particularly the milking apparatus that attaches to the cow udders. Transmission across farms is due to infected cattle movement and shared equipment and personnel across dairy farms.

To reduce transmission, in April 2024, the USDA put in testing requirements for when cows are transported across state lines. In addition, Colorado, the state with the greatest number of positive herds, requires weekly testing on farms to identify infected herds.


																																						
    
     




																																			What are the risks to people and other animals?

H5N1 does not pose a risk to the general public, as this virus is not known to transmit between people. As all known cases were those with direct contact with infected animals, people with occupational exposure to H5N1-infected cows and poultry continue to be at the greatest risk of infection.

People with occupational hazards should be aware of the H5N1 symptoms--similar to those of a cold--such as congestion, sore throat and fatigue, as well as conjunctivitis, more commonly known as pink eye. For more information, see the Centers for Disease Control and Prevention's webpage on avian influenza in people.

Domestic and wild animals near dairy farms are at high risk of infection. Particularly, barn cats that have been fed raw milk have been reported dead on dairy farms with infected cows, with these animals coming back positive for H5N1.

In addition, spillover of H5N1 to other domesticated farm animals near infected dairy cows has been recorded.

What are the best ways to keep farm workers safe?

Using personal protective equipment, such as goggles and gloves, remains the best way to prevent the transmission of H5N1 to humans and from humans back to animals. People working around poultry or dairy cattle should also be aware of biosecurity measures, such as not wearing the same clothes and boots when traveling from one farm to another.

Is drinking dairy milk a concern?

As long as you are consuming pasteurized milk products, there are no concerns for infections in humans. Pasteurization is very effective at killing any H5N1 virus that ends up in milk.

People should avoid raw or unpasteurized milk, as H5N1 virus has been found at very high levels in raw milk.
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If you live in Australia or New Zealand, the coming of spring is a mixed blessing. The days get warmer. Flowers bloom. Birds nest.



										      
																																	It's this last change which can be a problem. Nesting makes male birds from species such as magpies, magpie-larks and masked lapwings (also known as plovers) territorial and protective--and willing to dive-bomb humans.

One species is notorious--the Australian magpie. This iconic black and white songbird is a familiar sight in cities and towns across both Australia and New Zealand, as it was introduced to New Zealand in the 19th century, where it is now common. The magpie's strong beak and powerful wings can provoke fear among walkers, joggers and cyclists.

This year, the swooping started early. More than 450 incidents were recorded on Magpie Alert before the formal start of spring. Most swooping incidents cause fear but not injury. Actual injuries occur 10%-15% of the time. While some injuries come from claws or beak, many more occur when we try to flee and fall over. Very rarely, swooping can trigger more serious injuries or even death.

What's behind swooping behavior?

When a magpie swoops you, it's defending its nest and chicks. It sees you as a potential threat.


																																						
    
     




																																			Australian magpies start their breeding season in winter. They build basket-like nests of sticks and twigs which they line with soft materials such as grass and hair. Peak breeding season comes between August and November when eggs and chicks are in the nest. These four months are when swooping increases.

The good news is swooping season is usually only intense for a few weeks while the chicks are most vulnerable in the nest, which usually happens sometime between August and October.

Fast-moving cyclists are seen by these birds as a particular threat. Data from MagpieAlert, the public database of attacks, indicates cyclists are the number one target. But humans aren't being singled out--magpies can swoop other birds to defend their territory and suitable nesting sites, or protect their young from predatory birds, cats, or foxes.

Generally, male magpies will perform a warning swoop when they perceive danger. If that's ignored, they can swoop a second or third time. This is often combined with alarm calls and clapping their beak to make warning sounds.

Only around 10% of nesting magpies actually swoop humans. But if you've been swooped before, you're more likely to be swooped again. Magpies can recognize and remember human faces, and have been known to swoop the same people year after year.

Magpies tend to swoop from above. But magpie-larks--the unrelated black and white bird also known as peewees or mudlarks--can actually do more damage. When they swoop, they come in from the front and can go for the eyes.

Other swooping birds in Australia include noisy miners--small native gray and yellow birds common in urban areas. These aggressive honeyeaters work as a pack to drive away threats--which can include us. They can also attempt to get food from unsuspecting picnickers. Then there are the masked lapwings, who nest on the ground and can swoop if you get too close.


																																			Swooping birds around the world

While Australia's magpie has an international reputation for swooping, it's not the only notorious species.

In North America, red-winged blackbirds are known to swoop during their breeding season, while the American crow can be very territorial during spring. If you anger an American crow, the highly intelligent bird will remember your face--and can pass down its grudge to the next generation.

While seagulls around the world can swoop, it's not done to drive you away but rather to steal your hot chips.

The Australian magpie was named after the Eurasian magpie due to their similar black and white coloring. But the Eurasian magpie does not swoop, even though it's related to crows. The Australian magpie is not from the crow family--its closest relatives are butcherbirds--songbirds with strong beaks.

The importance of songbirds

Barring seagulls and masked lapwings, these swooping species have one thing in common--they're songbirds, meaning they belong to the order Passeriformes. This should come as no surprise given the Australian magpie's warbling repertoire of calls and songs.

Songbirds make up nearly half of all bird species globally. This enormously influential group of birds actually evolved in Australia.

This group of birds are highly varied, from tiny fairy-wrens to larger corvids such as crows. They play an essential ecological role in our natural world, acting to disperse seeds, clean up dead creatures by scavenging, helping to pollinate plants, eating insects and pests and returning nutrients to plants via their poo.


																																						
    
     




																																			Be alert, not alarmed

If you're weary of being swooped, choose a different path for a couple of weeks until the chicks have left the nest.

Magpies often nest in the same area each year, so if you've been swooped before, consider avoiding that route.

Protective gear such as sunglasses and a hat can help you avoid injury. Wearing sunglasses on the back of your head or sticking fake eyes to the back of your helmet or hat can help, as magpies do not like to be looked at when swooping.

If you are unlucky enough to be swooped, try not to run or scream as this can make you seem an even bigger threat. Instead, move out of the bird's territory as soon as possible.

This spring, keep an ear out for the beautiful calls of our songbirds--and an eye out for our overly protective flying friends.
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The global ocean continues to warm at a concerning rate.



										      
																																	Satellite measurements of average sea surface temperatures show February this year was the highest for any month in the 45-year dataset, and the warming trend continued in May.

New Zealand's sea temperatures are also hitting record highs. Between 2022 and 2023, oceanic and coastal waters reached their warmest annual temperatures since measurements began in 1982, according to Stats NZ data.

This warming is already threatening coral reefs--the Great Barrier Reef is the hottest it's been in 400 years --and marine life. But it is also reshaping ecosystems at the very basis of ocean food webs.

Microscopic algae, or phytoplankton, are ubiquitous in the surface layers of the ocean. They represent the foundation of the marine food web and serve as a substantial carbon sink.

Each day, they take up more than a hundred million tons of carbon dioxide through photosynthesis. The carbon then either sinks to the bottom of the ocean as the microalgae dies off or is "fixed" in tiny animals that graze on the plants.

Already, scientists are observing a downward trend in this ocean production, leading to expanding "ocean deserts" and the depletion of beneficial microalgae in favor of harmful algal blooms.

Unless we act to cut emissions, these shifts in microalgal composition are projected to get worse as ocean temperatures continue to rise, globally and regionally in the waters off Aotearoa New Zealand.


																																						
    
     




																																			Shifts in microalgal communities in New Zealand

We are already seeing changes in New Zealand's microalgal communities.

The abundance and activity of microalgae is usually measured by tracking Chlorophyll A, the pigment most plants use for photosynthesis. Recent reports by Stats NZ show shifts in microalgal biomass, with increases in some regions and declining levels in others.

Apart from these shifts in biomass, studies have also shown changes in the make-up of microalgae and reduced species diversity. This leads to stunted ecosystems which are less resilient to environmental changes, have lower productivity and capture less carbon.

Abrupt shifts in microalgal communities can drive ecosystems into altered states, affecting food webs and fisheries. Such a "regime shift" happened in the North Pacific in 1977 and 1989, with far-reaching consequences for the entire ecosystem and salmon and halibut fisheries.

More recently in New Zealand waters, lower microalgal biomass and a collapsing food web have been implicated in the cause of "milky flesh syndrome" in snapper from the Hauraki Gulf.
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                With the assistance of a novel motion simulator, researchers at Bar-Ilan University in Israel have discovered that rats rely on airflow to navigate their surroundings. When they move, the flow of air relative to their bodies provides crucial information, complementary to their sense of balance, to perceive their own motion in space. This might explain their agility in the dark as they scurry through pipes and tunnels, turn corners, and effortlessly travel from one location to another, all while knowing exactly where they're headed. The rat motion system - built with two industrial robotic arms - to generate various stimuli of self-motion. Credit: Prof. Adam Zaidel, Bar-Ilan University
            
        

    


How are rodents able to navigate pitch-black subway tunnels or other dark environments so adeptly, despite not being able to rely on vision?



										      
																																	With the assistance of a novel motion simulator, researchers at Bar-Ilan University in Israel have discovered that rats rely on airflow to navigate their surroundings. The findings were published on August 29 in the journal Current Biology.

When they move, the flow of air relative to their bodies provides crucial information, complementary to their sense of balance, to perceive their own motion in space. This might explain their agility in the dark as they scurry through pipes and tunnels, turn corners, and effortlessly travel from one location to another, all while knowing exactly where they're headed.

In order to interact in the world, humans and animals alike must consistently perceive where they are moving in space. Without this crucial ability, functioning, or even standing without falling would be virtually impossible. To accomplish this feat, the brain must perform a number of tasks, but how it does so remains an open question in scientific research.

Prof. Adam Zaidel, head of the Multisensory Processing Lab at Bar-Ilan University's Gonda (Goldschmied) Multidisciplinary Brain Research Center, MSc student Lior Polat, and lab manager and postdoctoral researcher Tamar Harpaz sought to understand the phenomenon and built the motion simulator, a one-of-a-kind system unique to Zaidel's lab, using a pair of synchronized industrial robotic arms.


																																						
    
     




																																			During the investigation, the rodents experienced motion stimuli and were trained to report on their perceived direction of motion. The research revealed that rats are highly sensitive to small currents of air and use this sensory input, combined with their sense of balance, to enhance their perception of motion.

This is the first time that airflow has been identified as a critical cue for self-motion perception in rodents.

"The new motion simulator builds on paradigms established for testing primates but offers complementary and distinct advantages by studying rodents," says Prof. Zaidel.

"The findings highlight the significance of airflow in self-motion perception, prompting further questions about the extent to which this cue is important for other species, including humans."

Prof. Zaidel adds, "Air is all around us, and often goes unnoticed. We would not typically think of air as an important cue for perceiving self-motion in space. But, with these findings in mind, airflow likely plays a more important role in perception and navigation than previously considered."

These findings mark a significant advancement in the study of sensory perception and brain function. As Prof. Zaidel and his team delve deeper, they hope to uncover further insights into the mechanisms within the brain that perform these functions.
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                Photograph of a specimen of the common European starfish Asterias rubens with a regenerating arm. Starfish shed arms (autotomy) when attacked by predators and then regenerate a new arm to replace the lost arm. Research by scientists at Queen Mary University of London have uncovered the mechanisms of autotomy by identifying a neurohormone that promotes arm loss in starfish. Credit: Professor Maurice Elphick / Queen Mary University of London
            
        

    


Researchers at Queen Mary University of London have made a discovery about how starfish manage to survive predatory attacks by shedding their own limbs. The team has identified a neurohormone responsible for triggering this remarkable feat of self-preservation. The study is published in the journal Current Biology.



										      
																					Autotomy, the ability of an animal to detach a body part to evade predators, is a well-known survival strategy in the animal kingdom. While lizards shedding their tails are a familiar example, the mechanisms behind this process remain largely mysterious.

Now, scientists have unveiled a key piece of the puzzle. By studying the common European starfish, Asterias rubens, they identified a neurohormone akin to the human satiety hormone, cholecystokinin (CCK), as a regulator of arm detachment.

Furthermore, the scientists propose that when this neurohormone is released in response to stress, such as a predator attack, it stimulates the contraction of a specialized muscle at the base of the starfish's arm, effectively causing it to break off.

Remarkably, starfish possess incredible regenerative abilities, allowing them to grow back lost limbs over time. Understanding the precise mechanisms behind this process could hold significant implications for regenerative medicine and the development of new treatments for limb injuries.

Dr. Ana Tinoco, a member of the London-based research group who is now working at the University of Cadiz in Spain, explained, "Our findings shed light on the complex interplay of neurohormones and tissues involved in starfish autotomy. While we've identified a key player, it's likely that other factors contribute to this extraordinary ability."

Professor Maurice Elphick, Professor of Animal Physiology and Neuroscience at Queen Mary University of London, who led the study, emphasized its broader significance. "This research not only unveils a fascinating aspect of starfish biology but also opens doors for exploring the regenerative potential of other animals, including humans. By deciphering the secrets of starfish self-amputation, we hope to advance our understanding of tissue regeneration and develop innovative therapies for limb injuries."


																														
																				
																						More information:
												Discovery of a neuropeptide that acts as an autotomy-promoting factor, Current Biology (2024). DOI: 10.1016/j.cub.2024.08.003. www.cell.com/current-biology/f ... 0960-9822(24)01079-0
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Microbes are part of the food we eat and can influence our own microbiome, but we know very little about the microbes in our foods. Now, researchers have developed a database of the "food microbiome" by sequencing the metagenomes of 2,533 different foods.



										      
																																	They identified 10,899 food-associated microbes, half of which were previously unknown species, and showed that food-associated microbes account for around 3% of the adult and 56% of the infant gut microbiome on average. The study was published August 29 in the journal Cell, and the database is available as an open access resource.

"This is the largest survey of microbes in food," says co-senior author and computational microbiologist Nicola Segata of the University of Trento and the European Institute of Oncology in Milan. "We can now start to use this reference to better understand how the quality, conservation, safety, and other characteristics of food are linked with the microbes they contain."

Traditionally, microbes in food have been studied by culturing them one-by-one in the lab, but this process is slow and time-consuming, and not all microbes can be easily cultured.

To characterize the food microbiome more comprehensively and efficiently, the researchers leveraged metagenomics, a molecular tool that enabled them to simultaneously sequence all the genetic material within each food sample. Metagenomics is often used to characterize the human microbiome or analyze environmental samples but hasn't previously been used to investigate food at a large scale.

"Food microbiologists have been studying foods and testing for food safety for well over a hundred years now, but we've underutilized modern DNA sequencing technologies," says co-senior author and microbiologist Paul Cotter of Teagasc, APC Microbiome Ireland and VistaMilk Ireland. "This is the starting point for a new wave of studies in the field where we make full use of the molecular technology available."


																																						
    
     




																																			Altogether, the team analyzed 2,533 food-associated metagenomes from 50 countries, including 1,950 newly sequenced metagenomes. These metagenomes came from a variety of food types, of which 65% were dairy sources, 17% were fermented beverages, and 5% were fermented meats.

These metagenomes comprised genetic material from 10,899 food-associated microbes categorized into 1,036 bacterial and 108 fungal species. Similar foods tended to harbor similar types of microbes--for example, the microbial communities in different fermented beverages were more similar to each other than to the microbes in fermented meat--but there was more variation between dairy products, likely due to the larger number of dairy products surveyed.

Though the researchers didn't identify many overtly pathogenic bacteria in the food samples, they did identify some microbes that might be less desirable due to their impact on food flavor or preservation.

Knowing which microbes "belong" in different types of food could help producers--both industrial and small-scale--to produce more consistent and desirable products. It could also help food regulators define which microbes should and should not be in certain types of food and to authenticate the identity and origins of "local" foods.

"One thing that was striking is that some microbes are present and performing similar functions in even quite different foods, and at the same time, we showed that foods in each local facility or farm have unique characteristics," says Segata.


																																			"This is important because it could further improve the idea of the specificity and the quality of local foods, and we could even use metagenomics to authenticate foods coming from a given facility or location."

Understanding the food microbiome could also have implications for human health as some of the microbes we eat could become stable members of our own microbiomes.

To examine overlaps between food-associated microbes and the human microbiome, the team compared their new database with 19,833 previously sequenced human metagenomes. They showed that food-associated microbial species compose around 3% of the gut microbiome of adults and more than 50% of the gut microbiomes of newborns.

"This suggests that some of our gut microbes may be acquired directly from food, or that historically, human populations got these microbes from food and then those microbes adapted to become part of the human microbiome," says Segata.

"It might seem like only a small percentage, but that 3% can be extremely relevant for their function within our body. With this database, we can start surveying at a large scale how the microbial properties of food could impact our health."

The study was one of the main outputs from the MASTER EU consortium, an initiative spanning 29 partners across 14 countries that aims to characterize the presence and function of microbes throughout the entire food chain.

"In the future, we want to explore the diversity of these food microbiomes with respect to different foods, cultures, lifestyles, and populations," says Cotter.


																																																					
																				
																						More information:
												Unexplored microbial diversity from 2,500 food metagenomes and links with the human microbiome, Cell (2024). DOI: 10.1016/j.cell.2024.07.039. www.cell.com/cell/fulltext/S0092-8674(24)00833-X
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Labradoodles, puggles, dorgis, cavoodles, cavapoos: Whatever you call them, there's no escaping the explosion of designer crossbreeds parading along our streets and through our dog parks these days.



										      
																																	People have flocked to these hybrid dogs as the health problems associated with pedigree breeds became more widely known. As the theory goes, crossbreed designer dogs are more genetically diverse, so are less likely to suffer the health issues plaguing purebreds.

But are these designer mixes actually healthier than their purebred cousins? This was the question researchers from the United Kingdom's Royal Veterinary College set out to answer in a new paper published August 28 in PLOS ONE.

The study focused on three common poodle crossbreeds: cockapoos, labradoodles and cavapoos. It found they were no more or less healthy than their pure-breed counterparts. The researchers hope the findings will help dog owners make more informed, evidence-based decisions when selecting their next furry friend.

Designer crosbreeds

Most dogs alive today were not bred under human control. Regardless, humans have created more than 400 modern dog breeds in around 200 years, each with their own looks and temperaments.

Some popular dog breeds, such as the golden retriever, have mixed-breed origin stories. However, many are "pedigree dogs" bred from a limited gene pool.


																																						
    
     




																																			Advocates for purebred dogs say they have more predictable health, behavior and appearance. And many pedigree registers no longer permit the inclusion of crossbreed dogs.

Over time, however, this lack of genetic diversity among purebreds has led to extreme body types and serious welfare problems for many dogs.

To overcome these issues, some breeders have turned to "out-crossing": deliberately mating two dogs from different breeds. The goal is to dilute inherited physical or behavior problems, producing healthier puppies. The aspiration being that the offspring will prove more robust than their parents, also known as "hybrid vigor".

This has led to a rise in "designer crossbreeds." In particular, poodles have been crossed with other breeds, such as:


	the cavalier King Charles spaniel-cross, known as the cavoodle in Australia and cavapoo in the United Kingdom

	the cocker spaniel-cross, known as the spoodle in Australia and cockapoo in the UK

	The labrador retriever-cross, known as the labradoodle. This mix was originally bred by an Australian, to create a non-allergenic guide dog.




																																			Oodles of health issues?

The research from the Royal Veterinary College involved a survey of about 9,400 people.

Some owned a cross-bred dog--either a cockapoo (spoodle), cavapoo (cavoodle) or labradoodle. Others owned one of their purebred "progenitor" or founder breeds--either a cavalier King Charles spaniel, cocker spaniel, labrador retriever or poodle. All dogs were aged under five years.

The authors tested the assumption that designer crossbreeds have less chance of suffering common disorders compared to their founder breeds.

They compared odds for the 57 most common health disorders across the three designer crossbreeds with each of their founding (progenitor) breeds. In all, 342 comparisons were made.

Common health issues included eye and ear infections, diarrhea, and cruciate ligament rupture.

And the results? The poodle-cross dogs and comparable founder-breed dogs shared health outcomes 87% of the time.

Crossbreeds were more likely to experience a small number of disorders (7%). But they were less likely to experience a small number (6%) of other disorders.

Overall, there was no compelling evidence in these poodle crossbreeds of "hybrid vigor." There was also no evidence purebreds were significantly healthier than the designer crossbreed dogs.


																																						
    
     




																																			What does this all mean?

The authors concluded that, given their results, prospective dog owners wondering which dog to buy should consider other factors such as breeding conditions, temperament and the health of a puppy's parents.

The study focused only on young adult dogs. Crossbreeding may bring health benefits that don't emerge until later in life. So a study that repeats these questions when the dogs are seniors would help us understand how designer crossbreeds age, and identify risk factors so we can help them age well.

Importantly, the study only looked at three types of crossbreeds, all involving poodles. Other designer crossbreeds may experience better health than their purebred cousins.

For example, flat-faced dogs such as pugs and French bulldogs are likely to experience breathlessness and skin and eye problems. Crossing these breeds with other dogs would reintroduce a proper muzzle to their face, bringing health and welfare advantages.

Who could dogs be?

All this raises important questions. Where do the animals in our lives come from? How are they bred, and is this information transparent? Are we OK with current breeding practices? And if not, what must change?

It stands to reason that, when searching for the perfect canine companion, we want one that will be healthy, long-lived, and happy to live with us.


																																			These attributes are good for the dog. They are also good for their people. A healthy dog means fewer vet bills. Longer-lived equals more time shared together, and living happily with us translates to less stress, and a better quality of life for everyone in the home.

So how do we find that dog?

Some European countries mandate that dogs must meet strict physical, genetic and behavior requirements before being registered and used for breeding. This requires a nationally consistent licensing regime and well-resourced enforcement--both of which are lacking in Australia.

What ultimately controls if dogs are healthy, long-lived and happy is us. Breeders decide which dogs to mate. Dog lovers decide which puppy to buy. And when we vote, we help decide how governments regulate the breeding industry.

For the sake of our canine friends, I hope we choose well.


																																																					
																				
																						More information:
												Gina T. Bryson et al, The doodle dilemma: How the physical health of 'Designer-crossbreed' Cockapoo, Labradoodle and Cavapoo dogs' compares to their purebred progenitor breeds, PLOS ONE (2024). DOI: 10.1371/journal.pone.0306350
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Scientists who have described in a new study the step-by-step details of a bacterial defense strategy see the mechanism as a promising platform for development of a new genome-editing method.



										      
																																	The system involves two proteins that team up to disable plasmids, small DNA molecules that exchange genetic information among different bacterial strains. While plasmids provide evolutionary benefits, they can also be seen by host bacteria as threats.

The research team determined that one protein uses a short piece of DNA--known as a DNA guide--to set off events that recruit another protein to chop up the plasmid.

Beyond revealing a secret to bacterial survival, the research has uncovered components that could be applied to gene editing: guide DNA, which is more stable and cheaper to synthesize than guide RNA, and a functional protein small enough to deliver into mammalian cells for DNA sensing and gene-editing purposes.

"This system has great potential to be developed into a genome-editing tool," said Tianmin Fu, assistant professor of biological chemistry and pharmacology in The Ohio State University College of Medicine. "We're now trying to test whether it can be reprogrammed into a useful technology."

The paper was published on Aug. 21 in the journal Cell.

The presence of plasmids in bacteria is well-known--some bacteria secrete plasmids, and the molecules can also move from one cell to another to share genetic information.


																																						
    
     




																																			"It's why bacteria evolve so rapidly," Fu said. "Sometimes, plasmids can integrate into genomic DNA, but this happens quite randomly. They might cause difficulty for individual bacterial survival, but plasmids benefit the community in the long run because genetic information allows bacteria to acquire new features."

Still, bacteria tend to want to eliminate plasmids to prevent any random threatening actions they might take.

Fu and colleagues used Vibrio cholerae bacteria as a model for studying the plasmid defense system known as DdmDE, consisting of proteins called DdmD and DdmE, using cryo-electron microscopy to observe their functions.

The process begins with DdmE binding to a very short DNA fragment, known as guide DNA, which enables the protein to recognize a target plasmid and snag it by creating a bubble formation using one of the plasmid's double strands. The bubble complex recruits the DdmD protein, which can bind only to the plasmid's free remaining strand. Once bound, DdmD dissociates into two separate molecules that both function as clippers to cut the plasmid into pieces.

Preliminary data from the team's experiments suggested that a plasmid fragment remaining after DdmD chops it up could function as a segment of guide DNA to which DdmE could bind to repeat the process.

"There appears to be a feedback loop," Fu said. "Once you create plasmid fragments, then more DdmE can acquire the fragments as guides to target more plasmids in the cell."

However, he added, "How the first guide was created in the cell is unclear to us at the moment. It's a 'chicken and egg' situation."

The finding was unexpected because DdmE has similar qualities to a superfamily of Argonaute proteins that trigger their host bacteria's death to avoid plasmid invasion. Argonautes, however, are aided by guide RNA, not guide DNA--and the guide DNA is a major reason the DdmDE system is attractive as a platform for genome editing aimed at disease prevention.

"Because DdmE needs guide DNA, we can synthesize guide DNA to target a very specific area in a genome," Fu said. "We are testing this now in mammalian cells to see whether it will work, and we do see some potential there."


																																																					
																				
																						More information:
												Xiao-Yuan Yang et al, DdmDE eliminates plasmid invasion by DNA-guided DNA targeting, Cell (2024). DOI: 10.1016/j.cell.2024.07.028
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                Structure of Thermonuclease from Staphylococcus aureus predicted by AlphaFold2. Change in stability upon mutation, [?][?]G (positive values are destabilizing), is plotted as a function of effective strain measured at the mutated site, and in a spherical region near the mutated site, for 491 mutants. The black line shows the median. Statistical correlations are shown for Pearson's r and Spearman's r. Credit: Institute for Basic Science
            
        

    


Researchers at the Center for Algorithmic and Robotized Synthesis within the Institute for Basic Science have taken a significant step forward in understanding the stability of proteins by leveraging the power of AI.



										      
																																	The research team used AlphaFold2 to explore how mutations affect protein stability--a crucial factor in ensuring proteins function correctly and do not cause diseases like Alzheimer's. The research is published in the journal Physical Review Letters.

DeepMind's AlphaFold algorithm, which can accurately predict a protein's structure from its gene, has been a game-changer across the field of biology, making structural biology accessible to everyone. Despite this immense success, two fundamental questions remain unanswered: Will the predicted structures fold correctly and stay folded? And a general question about AI algorithms: how does AlphaFold actually work?

A critical limitation of AlphaFold is that it was trained on a set of stable proteins that stay folded at physiological temperatures. As a result, it predicts the most likely folded structure without knowing if it will certainly fold or will be unstable.

Knowing and predicting protein stability is crucial because unstable proteins can misfold, leading to dysfunction and potentially serious diseases, so the cells must spend much energy to get rid of them.

Furthermore, most proteins are only marginally stable, making them highly susceptible to mutations that can cause them to unfold. Thus, protein engineering is much about careful navigation in a minefield of dysfunctional protein sequences that do not fold. All this implies that the next step in using AlphaFold should be to try to predict those changes in stability due to mutations.


																																						
    
     




																																			A fundamental question tested in this study was whether AlphaFold has learned the underlying physics of protein folding or is simply a high-dimensional regression machine that merely recognizes statistical patterns. This question is about the capacity to generalize: if AlphaFold has somehow learned the physical forces in action, it ought to work on protein sequences it has not seen before.

That's exactly what the two IBS researchers, John McBride and Tsvi Tlusty, wanted to test in their study. Their way to tackle this question was to examine if AlphaFold can correctly predict the effects of mutations on stability. There are infinitely more mutations than data points used in the training of AlphaFold, meaning that even very sophisticated regression will not suffice to account for the full range of mutation effects.

This task is highly challenging since critical changes in stability often involve small structural changes that are hard to predict. Still, it turns out that there are some useful clues within the structural changes predicted by AlphaFold that provide valuable information on possible stability changes.

IBS researchers showed this by comparing structural changes inflicted by mutations to differences in experimentally measured stability between the wild-type and mutated protein. A critical ingredient was using a probe that is very sensitive to small changes. The researchers devised an innovative metric, known as the effective strain, to detect small but important changes in protein structure that are linked to stability.


																																			Looking at thousands of mutations, they found that the effective strain measure correlates with the magnitude of the change in stability. That is to say, large structural changes (predicted by AlphaFold) also predict large changes in stability.

Lead author McBride stated, "This is a strong indication that the structures predicted by AlphaFold encode significant physical information, particularly about stability. It is necessary to develop new physical models to decode this information further."

These insights open up new possibilities for protein engineering, a field that involves designing proteins with specific functions. By better understanding how mutations affect stability, scientists can navigate the complex landscape of protein design more effectively, potentially leading to advances in drug development and treatments for diseases caused by protein misfolding.

This research marks an important milestone in the ongoing exploration of how AI can be used to unravel the complexities of biology and underscores the need for further studies to fully unlock the potential of AI in scientific discovery.


																																																					
																				
																						More information:
												John M. McBride et al, AI-Predicted Protein Deformation Encodes Energy Landscape Perturbation, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.133.098401. On arXiv: DOI: 10.48550/arxiv.2311.18222
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                Homologous recombination is a DNA repair mechanism that counteracts double-stranded breaks in DNA. Researchers at Kindai University have recently revealed how the Sae2 protein coordinates with the Mre11-Rad50-Xrs2 complex to activate endonuclease and 3'-5' exonuclease during DNA end resection in budding yeast. Credit: Prof. Miki Shinohara / Kindai University
            
        

    


DNA damage is a cellular phenomenon that introduces structural abnormalities in double-stranded DNA. External factors, such as radiation or chemical agents, as well as internal factors, such as blocked DNA replication, can generate double-strand breaks (DSBs) in DNA.



										      
																																	To counteract DNA damage, cells engage in DNA repair to preserve genetic integrity and ensure cell survival as failure to repair DSBs has serious health complications like increased risk of cancer.

DSBs are repaired by two mechanisms called non-homologous end joining (NHEJ) and homologous recombination (HR). NHEJ is the predominant DNA repair mechanism in human somatic cells and is error-prone. In contrast, HR is active during specific stages of the cell cycle and is error-free.

The Mre11-Rad50-Xrs2 (MRX) trimeric protein complex in yeast is central to HR. Sae2, a cellular protein, coordinates with MRX to stimulate endonuclease and exonuclease activities to initiate DNA end resection. DNA end resection is a two-step process for repairing DSBs.

In the short-range resection, MRX-Sae2 endonuclease introduces a cut in the 5' strand. It then activates 3'-5' exonuclease to digest a few base pairs from the 5' strand, producing stretches of single-stranded DNA. In the long-range resection, Exo1 exonuclease extends the resection in the 5'-3' direction and helps DNA repair.

In a study published in Nature Communications on 22 August 2024, an international research team sought to understand the controlled mechanism and the physiological significance of Sae2 in DNA repair.

The team, comprising Professor Miki Shinohara and Mr. Tomoki Tamai from Kindai University, Japan, Dr. Giordano Reginato and Dr. Petr Cejka from Universita della Svizzera italiana, Switzerland, and Dr. Katsunori Sugimoto from the State University of New Jersey, U.S., conducted genetic and biochemical analysis to study how Sae2 controls the two nuclease activities.


																																						
    
     




																																			Prof. Shinohara explains, "The mechanism by which Sae2 stimulates the MRX endonuclease and 3'-5' exonuclease activities for DNA repair remains unknown. Understanding this mechanism of DNA end processing in DSB repair can enhance our knowledge of the plasticity and robustness of genetic information in organisms."

In a separation-of-function experiment, the researchers identified and introduced the rad50-C47 mutation that affects Sae2-dependent MRX 3'-5' exonuclease activity, but not endonuclease activity.

"Our findings suggest that MRX endo- and exonuclease activities are stimulated by Sae2 via Rad50 through different mechanisms, ensuring coordinated but separate endonucleolytic and exonucleolytic actions of MRX-Sae2 on blocked DNA ends," says Prof. Shinohara.

A detailed understanding of how Sae2 controls Mre11's endo- and exonuclease activities during DNA end resection in DSB repair is crucial for maintaining the robustness of the process that preserves genetic information in organisms.

"Our study reveals the control mechanism for DNA end processing, which is important for suppressing cell tumorigenesis and may provide valuable information for developing novel anti-cancer therapies," concludes Prof. Shinohara.


																																																					
																				
																						More information:
												Tomoki Tamai et al, Sae2 controls Mre11 endo- and exonuclease activities by different mechanisms, Nature Communications (2024). DOI: 10.1038/s41467-024-51493-5
																						
																						

																					

                               											
																					
												
													Provided by
																											Kindai University
																									

											

                              										                                        
										
										
											 
												Citation:
												Shedding light on the mechanism of yeast DNA repair (2024, August 29)
												retrieved 29 August 2024
												from https://phys.org/news/2024-08-mechanism-yeast-dna.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/2024-08-mechanism-yeast-dna.html



	Previous
	Articles
	Sections
	Next





  
    New knowledge about cell receptors paves the way for future drugs against intestinal tumors
    
  




  
	Previous
	Articles
	Sections
	Next




										

    
        
            [image: New knowledge about cell receptors paves the way for new drugs against intestinal tumours]
             
                High-resolution cryo-EM structure of FZD7 reveals a functional cholesterol important in transmitting signals into the cell. Credit: Adapted from Nature Communications (2024). DOI: 10.1038/s41467-024-51664-4
            
        

    


A new study from Karolinska Institutet published in Nature Communications provides valuable insights into the activation of receptors on the cell surface. The knowledge could lead to new targeted therapies and drugs against intestinal tumors, among other cancers.



										      
																					Receptors on the surface of the cell are a kind of signal receiver that conveys information to the cell's interior. In a new study, researchers have focused on FZD7, a G-protein-coupled receptor that is involved in several important biological functions in the body. It is also linked to various cancers, including colorectal cancer.

"Receptor activation is an important step in how the cells receive and send out signals. When receptors such as FZD7 are activated, they trigger a series of events inside the cell that control cell growth, differentiation and movement," explains the study's last author Gunnar Schulte, professor at the Department of Physiology and Pharmacology, Karolinska Institutet.

Using cryo-electron microscopy, the researchers have been able to create a clear image of the structure of FZD7 with a resolution of 1.9 Angstrom. It is one of the best resolutions that has been reported when this type of protein has been studied with cryo-electron microscopy.

"This outstanding resolution allows us to understand in detail the receptor's activation mechanism. Understanding these processes can help us develop targeted therapies for diseases where these pathways are disrupted, such as colorectal cancer," says Schulte.

Cholesterol plays an important role

The researchers discovered that the presence of cholesterol seems to facilitate the interaction between the FZD7 receptor and another protein called "Dishevelled."

This interaction is the basis for the receptor to be able to transmit signals to the cell, and it is also crucial for driving various biological processes such as intestinal epithelium renewal and homeostasis.

Enabling targeted therapies

The results from the study not only increase the understanding of how receptors work, but also pave the way for the development of targeted medical therapies.

"In colorectal cancer, FZD7 is overactive. The activation mechanism is now revealed in great detail, which makes it easier to find therapeutic approaches to block the overactivity," says Schulte.

The study lays the foundation for future research that will be complemented by pharmacological analyses with the ultimate goal of developing drugs.


																														
																				
																						More information:
												Julien Bous et al, Structural basis of frizzled 7 activation and allosteric regulation, Nature Communications (2024). DOI: 10.1038/s41467-024-51664-4
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                Compounds from nucleic acids derived from salmon milt DNA and torula yeast RNA showed effects against cancer cell growth. Credit: Osaka Metropolitan University
            
        

    


When people eat, they ingest the nucleic acids that reside in all living things. The compounds in these acids could inhibit the growth of cancer cells, according to findings published in PLOS ONE by Osaka Metropolitan University Associate Professor Akiko Kojima-Yuasa of the Graduate School of Human Life and Ecology and colleagues.



										    
																					Consuming nucleic acids found in food has been shown to boost the immune system and prevent some diseases. The nucleotides and nucleosides that result from digesting the acids are largely responsible for these beneficial effects.

Professor Kojima-Yuasa's team used compounds of nucleic acids derived from salmon milt DNA and torula yeast RNA and showed that chemical compounds like guanosine could prevent the proliferation of certain cancer cells in laboratory rats. The compounds stopped the cells from starting their replication phase.

"Our research provides a new perspective on the physiological functions of nucleic acids derived from food," Professor Kojima-Yuasa explained. "We hold hope that this will be a crucial step toward cancer prevention."


																														
																				
																						More information:
												Nahoko Shiomi et al, Suppression of Ehrlich ascites tumor cell proliferation via G1 arrest induced by dietary nucleic acid-derived nucleosides, PLOS ONE (2024). DOI: 10.1371/journal.pone.0305775
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                Maturing sperm sense "electrical signals".Immature spermatozoa sense "electrical signals" and the lipid composition of the cell membrane is appropriately regulated by the enzymic activity. Credit: Takafumi Kawai
            
        

    


Frankenstein's monster was brought to life by the judicious application of a little electricity; and a surprising number of processes in our bodies are regulated by electrical currents too. Now, researchers from Japan reveal that electricity may play a key role in male fertility.



										      
																																	In a study published in Nature Communications, researchers from Osaka University reveal that a protein whose activity is dependent on electrical signals plays a crucial part in sperm development. The paper is titled "The significance of electrical signals in maturing spermatozoa for phosphoinositide regulation through voltage-sensing phosphatase."

Sperm go through a developmental process as they move through the male reproductive system that allows them to mature and acquire the ability to fertilize an egg. Part of this process involves changing the types of lipids, or fatty molecules, that are present in sperm cell membranes. These changes are enacted by enzymes, which have to be activated at a specific point in the sperm development timeline.

"We recently identified the functional expression of an unusual voltage-sensing phosphatase (VSP) in spermatozoa. This unique protein shows phosphatase activity in response to changes in cell membrane potential," says lead author of the study Takafumi Kawai. "However, it remained unclear whether VSP senses the membrane potential of spermatozoa, and if so, how this affects spermatozoa maturation."
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                Schematic illustration showing the model for mVSP activation in spermatozoa. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-51755-2
            
        

    



To explore this, the researchers eliminated VSP expression in mouse sperm. They then evaluated the lipid content of the sperm cell membranes at different stages of sperm development in the cells without VSP compared with cells with VSP.

"The results were very clear," states Yasushi Okamura, senior author. "In the absence of VSP, the certain membrane lipid composition was not completely matured in spermatozoa, suggesting that VSP is required for proper spermatozoa development."


																																						
    
     




																																			Next, the researchers created a mutant version of VSP that changed its responsiveness to electrical stimulation and tested the effects of this mutant in mice. Compared with normal mice, sperm from the mice expressing the mutant protein were noticeably abnormal in motility.

"Our findings show that, in developing sperm, VSP responds to electrical signals by promoting appropriate maturation of the cell membrane," says Kawai.

Given that proper sperm development and function are crucial to male fertility, the findings from this study could be used to help develop clinical treatments for infertility in the future. In addition, investigating the unique mechanism by which VSP converts electrical signals into chemical signals is likely to provide new insight into cell development.


																																																					
																				
																						More information:
												Takafumi Kawai et al, The significance of electrical signals in maturing spermatozoa for phosphoinositide regulation through voltage-sensing phosphatase, Nature Communications (2024). DOI: 10.1038/s41467-024-51755-2
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                Illustration of the proposed model during viral infection. Credit: National Taiwan University
            
        

    


Scientists from NTU have made a discovery about a protein named 14-3-3e, revealing its complex role in the host's defense against RNA viruses.



										      
																					Initially, 14-3-3e acts as a crucial ally in the immune response. It works with another protein called MDA5 to detect and alert the immune system about the presence of RNA viruses. This early warning system is essential for mounting a swift and effective defense.

However, the story doesn't end there. Under certain circumstances, 14-3-3e can be cleaved by an enzyme known as Caspase-3, transforming it into a new form that counteracts its original function. This newly generated version of 14-3-3e can actually inhibit MDA5's activity, potentially limiting the immune response.

The paper is published in the journal PLOS Pathogens.

This dynamic interplay between 14-3-3e's dual roles is crucial for maintaining a delicate balance. The host needs to be able to effectively fight off infections, but it also needs to prevent excessive inflammation, which can be harmful. 14-3-3e helps to regulate this process, ensuring that the immune response is appropriate and controlled.

Unfortunately, some RNA viruses have evolved strategies to exploit 14-3-3e's dual nature. They can manipulate the body's signaling pathways to favor the production of the inhibitory form of 14-3-3e, allowing them to evade detection and potentially establish infection.

This new understanding of 14-3-3e's role in viral infections opens up exciting possibilities for therapeutic intervention. In conclusion, the discovery of 14-3-3e dual roles in the immune response against RNA viruses provides valuable insights into the complex interplay between the host and the pathogen.

By targeting the mechanisms that regulate 14-3-3e, researchers may be able to develop novel strategies to enhance the immune response against RNA viruses. Additionally, understanding how viruses manipulate 14-3-3e could lead to the development of antiviral agents that disrupt these viral tactics.


																														
																				
																						More information:
												Yun-Jui Chan et al, Temporal regulation of MDA5 inactivation by Caspase-3 dependent cleavage of 14-3-3e, PLOS Pathogens (2024). DOI: 10.1371/journal.ppat.1012287
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