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


      
        Scientists propose theoretical design strategy for room-temperature metal-organic multiferroics
        A research group led by Prof. Li Xiangyang from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has theoretically predicted a series of multiferroic materials that can be applied in room-temperature environments by utilizing the d-p spin coupling combined with center-symmetry-breaking organic heterocycles in two-dimensional (2D) Cr-based metal-organic frameworks.

      

      
        New method uses nanofibrils on magnetic microparticles to isolate HIV particles
        Researchers at Leipzig University and Ulm University have developed a new method to isolate HIV from samples more easily, potentially making it easier to detect infection with the virus. They focus on peptide nanofibrils (PNFs) on magnetic microparticles, a promising tool and hybrid material for targeted binding and separation of viral particles. They have published their new findings in Advanced Functional Materials.

      

      
        Electronic device thermal management made simpler and slightly better
        Dr. Cheol-Woo Ahn, leading a research team at the Department of Functional Ceramics within the Ceramic Materials Division at the Korea Institute of Materials Science (KIMS), has developed the world's first heat dissipation material. This material reduces hydrophilicity through a chemical reaction that forms a nanocrystalline composite layer and increases thermal conductivity by controlling point defects. This process occurs during a simple sintering process that does not require surface treatment...

      

      
        To capture methane emissions, scientists create nanoshell catalysts
        A University at Buffalo-led research team is developing new catalysts that aim to turn climate-warming methane emissions into useful commercial products.
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Scientists propose theoretical design strategy for room-temperature metal-organic multiferroics

										

    
        
            [image: Scientists propose theoretical design strategy for room-temperature metal-organic multiferroics]
             
                Schematic illustration of designing two-dimensional room-temperature multiferroic materials through d-p spin coupling and symmetry-breaking hexagonal heterocycles. Credit: Li Xiangyang
            
        

    


A research group led by Prof. Li Xiangyang from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has theoretically predicted a series of multiferroic materials that can be applied in room-temperature environments by utilizing the d-p spin coupling combined with center-symmetry-breaking organic heterocycles in two-dimensional (2D) Cr-based metal-organic frameworks.



										      
         
        
        
        

      

																					
The results are published in Nano Letters.

Multiferroic materials, characterized by the coexistence of two or three ferroic orders, have emerged as a key research platform, driving advances in information storage, sensing technologies, electronics, and energy conversion. The advent of 2D materials has revitalized the field of multiferroics, promising thinner, more efficient, and versatile functionalities. However, despite significant progress in the field, the number of 2D multiferroics with room temperature magnetism is still notably low.

To overcome this challenge, the researchers proposed a novel approach to achieve 2D room-temperature multiferroics in 2D metal-organic frameworks (MOFs) by exploiting the d-p spin coupling in combination with center-symmetry-breaking six-membered heterocyclic ligands.

Using this method, they investigated 128 different 2D MOFs and discovered three unique multiferroic materials: Cr(1,2-oxazine)2, Cr(1,2,4-triazine)2, and Cr(1,2,3,4-trazine)2. All of these materials exhibit both ferrimagnetism and ferro/antiferroelectricity at room temperature. The room temperature ferrimagnetic order is thought to arise from the strong d-p direct spin coupling between Cr cations and ligand anions.

Specifically, Cr(1,2-oxazine)2 exhibits ferroelectric properties, while the latter two exhibit antiferroelectric properties. Impressively, each of these materials possesses suitable barriers for polarization switching.

"Our study provides a promising platform for the design of 2D room-temperature multiferroic materials," said Prof. Li Xiangyang.



																														
																				
																						More information:
												Qingqing Feng et al, A Route to Two-Dimensional Room-Temperature Organometallic Multiferroics: The Marriage of d-p Spin Coupling and Structural Inversion Symmetry Breaking, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c00210
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New method uses nanofibrils on magnetic microparticles to isolate HIV particles
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                The image shows PNF-coated magnetic microbeads that bind HIV particles to their surface. Credit: Torsten John
            
        

    


Researchers at Leipzig University and Ulm University have developed a new method to isolate HIV from samples more easily, potentially making it easier to detect infection with the virus. They focus on peptide nanofibrils (PNFs) on magnetic microparticles, a promising tool and hybrid material for targeted binding and separation of viral particles. They have published their new findings in Advanced Functional Materials.




										      
         
        
        
        

      

																					"The presented method makes it possible to efficiently capture, isolate and concentrate virus particles, which may improve the sensitivity of existing diagnostic tools and analytical tests," says Professor Bernd Abel of the Institute of Technical Chemistry at Leipzig University.

The nanofibrils used--small, needle-like structures--are based on the EF-C peptide, which was first described in 2013 by Professor Jan Munch from Ulm University and Ulm University Medical Center. EF-C is a peptide consisting of 12 amino acids that forms nanoscale fibrils almost instantaneously when dissolved in polar solvents. These can also be applied to magnetic particles.

"Using the EF-C peptide as an example, our work shows how peptide fibrils on magnetic particles can have a completely new functionality--the more or less selective binding of viruses. Originally, fibrils of this kind were more likely to be associated with neurodegenerative diseases," adds Dr. Torsten John, co-first author of the study and former doctoral researcher under Professor Abel at Leipzig University. He is now a junior researcher at the Max Planck Institute for Polymer Research in Mainz, Germany.

"Increasing the local concentration and isolating viruses from samples are critical to increasing the sensitivity of diagnosing viral infections," says Professor Munch. The researchers from Ulm and Leipzig have presented such a method for the concentration and isolation of HIV particles.

In their study, they show how PNFs can be used effectively to separate HIV particles from solutions without relying on centrifugation. This innovative method uses special magnetic microbeads to specifically bind and magnetically separate virus particles, preserving their activity and infectivity. This is significant for new genetic engineering processes, for example.

The study highlights the importance of the new method for HIV research and diagnostics, as well as for other applications in viral research. By improving the efficiency with which virus particles can be concentrated and isolated, this technology and the new hybrid material could help to improve the diagnosis of infections and the monitoring of resistance.


																														
																				
																						More information:
												Manuel Hayn et al, Hybrid Materials From Peptide Nanofibrils and Magnetic Beads to Concentrate and Isolate Virus Particles, Advanced Functional Materials (2024). DOI: 10.1002/adfm.202316260
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Electronic device thermal management made simpler and slightly better
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                A schematic diagram illustrating the grain growth process during the sintering of pure MgO and developed MgO a with smooth surface (referred to as MgO-SM, which stands for magnesia with a smooth surface). Credit: Korea Institute of Materials Science (KIMS)
            
        

    


Dr. Cheol-Woo Ahn, leading a research team at the Department of Functional Ceramics within the Ceramic Materials Division at the Korea Institute of Materials Science (KIMS), has developed the world's first heat dissipation material. This material reduces hydrophilicity through a chemical reaction that forms a nanocrystalline composite layer and increases thermal conductivity by controlling point defects. This process occurs during a simple sintering process that does not require surface treatment.



										      
         
        
        
        

      

																																	
The research is published in the journal Small Methods.

Conventional alumina filler, widely used for heat dissipation, has limitations in enhancing thermal conductivity. Therefore, there is potential in utilizing magnesia, which offers low raw material cost and excellent thermal conductivity and resistivity. However, magnesia's high sintering temperature of 1,800degC and its hygroscopic nature, which reacts with moisture in the air, have restricted its use as a thermal filler.

The research team utilized additives to create a thin nanocrystalline composite layer during the sintering process, forming a protective layer that reacts with moisture. They succeeded in increasing thermal conductivity by controlling defects through lower sintering temperatures. This breakthrough is seen as overcoming the limitations of existing magnesia materials and opening new possibilities for thermal management materials in next-generation industries.

In recent years, with advancements in high-tech industries, the miniaturization and multi-functionality of electronic components have posed significant challenges for thermal management. This is particularly evident in the high-capacity batteries of electric vehicles and the increased integration of electronic components, necessitating heat dissipation materials with high thermal conductivity to manage rising heat density.


																																						
    
     




																																			Based on electric vehicle sales projections, the market for heat dissipation materials used in the thermal interface materials of electric vehicles is expected to reach approximately 9.7 trillion won in 2025. The results of this research hold significant promise in addressing moisture reaction issues and the high sintering temperatures associated with existing low-cost heat dissipation materials.
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                MgO-SM, which stands for magnesia with a smooth surface, is magnesium oxide that has been developed with a thin nanocrystalline composite layer on its surface through a simple liquid-phase sintering process. Credit: Korea Institute of Materials Science (KIMS)
            
        

    



Dr. Cheol-Woo Ahn, the senior researcher stated, "We were able to address the moisture reaction issue, which causes mixing with polymers, in a straightforward manner through additives in the manufacturing process of oxide ceramic fillers. We have developed oxide fillers with high thermal conductivity by controlling defects. We anticipate that the developed low-cost, high-quality magnesia heat dissipation filler will dominate the heat dissipation ceramic material market."



																																																					
																				
																						More information:
												Hyun-Ae Cha et al, Nanocrystalline Composite Layer Realized by Simple Sintering Without Surface Treatment, Reducing Hydrophilicity and Increasing Thermal Conductivity, Small Methods (2023). DOI: 10.1002/smtd.202300969
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                The unique flame reactor developed in Mark Swihart's lab that creates catalysts in one step. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-45413-w
            
        

    


A University at Buffalo-led research team is developing new catalysts that aim to turn climate-warming methane emissions into useful commercial products.



										      
         
        
        
        

      

																																	
The work, described last month in Nature Communications, could impact numerous industries--including natural gas and crude oil production, livestock farming, landfilling and coal mining--where methane is a byproduct.

"There is an opportunity with methane to make more of an immediate impact in reducing climate-warming emissions. We're working on a cost-effective solution to turn this industrial byproduct into valuable goods, such as chemical feedstocks," says lead author Mark T. Swihart, SUNY Distinguished Professor and chair of the Department of Chemical and Biological Engineering in the UB School of Engineering and Applied Sciences.

Swihart, also a SUNY Empire Innovation Professor and faculty member in UB's RENEW Institute, added that the technology has broader applications in semiconductors, biotechnology, electrochemistry and other fields in need of new and improved materials.

Shuo Liu, a Ph.D. candidate in Swihart's lab, is first author of the study. Co-authors include Jeffery J. Urban, Ph.D., Chaochao Dun, Ph.D., Jinghua Guo, Ph.D., all members of the Lawrence Berkeley National Laboratory; Feipeng Yang, Ph.D., who was at Berkeley during the experiments but now works at Brookhaven National Laboratory; Qike Jiang of Westlake University in China; and Zhengxi Xuan, UB Ph.D. student.
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                Different nanoshells created by the research team. Credit: Shuo Liu et al
            
        

    



Methane capture lags behind carbon capture

Methane is the second most abundant greenhouse gas and the primary component of natural gas. It lasts only a few decades in Earth's atmosphere compared to centuries for carbon dioxide, but methane traps 80 times more heat.

For decades, scientists have struggled to develop inexpensive ways to convert methane into useful products without producing carbon dioxide.

A possible solution is dry reforming, an industrial process that can convert both methane and carbon dioxide into chemical feedstocks, which are raw materials that manufacturers can use to create or process other products.

But dry reforming methane isn't commercially viable because existing nickel-based catalysts stop working when their catalytically active particles become covered with carbon deposits (coking) or combine into larger, less active particles (sintering). Most catalysts also require complex production procedures.


																																						
    
     




																																			Team uses unique flame reactor

To overcome these issues, the team utilized a unique flame reactor developed in Swihart's lab that creates catalysts in one step. This aerosol-based process allowed the scientists to explore different, nickel-based catalysts, which in this case are tiny spherical particles called nanoshells.

"The key breakthrough is the flame aerosol synthesis method," says Liu. "It allows us to overcome traditional limitations and create otherwise inaccessible materials with novel properties."

The method produced its highest-performing catalysts by what the research team is calling an "encapsulated exosolution" process, in which nickel nanoparticles formed within the pores of an aluminum oxide shell rather than on its surface. This phenomenon helps build a more stable material that, in turn, creates a more durable catalyst.

In experiments, the team reported that, over the course of 640 hours at 800degC, the catalysts remained effective by converting 96% of methane and carbon dioxide into desired products. The results, the team says, dramatically outperform conventional catalysts.

The production method suggests a way forward not only to improved catalysts, but for other fields in which new materials are needed. This includes drug delivery, sensing and detection, energy storage and conversion, and coatings and surface modifiers, Swihart says.



																																																					
																				
																						More information:
												Shuo Liu et al, Challenging thermodynamics: combining immiscible elements in a single-phase nano-ceramic, Nature Communications (2024). DOI: 10.1038/s41467-024-45413-w
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        Quantum computing just got hotter: One degree above absolute zero
        For decades, the pursuit of quantum computing has struggled with the need for extremely low temperatures, mere fractions of a degree above absolute zero (0 Kelvin or -273.15degC). That's because the quantum phenomena that grant quantum computers their unique computational abilities can only be harnessed by isolating them from the warmth of the familiar classical world we inhabit.

      

      
        From Earth to Mars: Transporting spin information at the speed of light
        Scientists have used electrical pulses to manipulate magnetic information into a polarized light signal, a discovery that could revolutionize long-distance optical telecommunications, including between Earth and Mars.

      

      
        Realizing clean qubits for quantum computers using electrons on helium
        Future quantum computers could be based on electrons floating above liquid helium, according to study by a RIKEN physicist and collaborators, appearing in Physical Review Applied.

      

      
        Scientists suggest new methods to expedite the commercialization of metalens technology
        Metalenses, nano-artificial structures capable of manipulating light, offer a technology that can significantly reduce the size and thickness of traditional optical components. Particularly effective in the near-infrared region, this technology holds great promise for various applications such as LiDAR which is called the "eyes of the self-driving car," miniature drones, and blood vessel detectors.

      

      
        Advancing quantum networks: Study achieves largest photon emission enhancement for single T center to date
        Rice University engineers have demonstrated a way to control the optical properties of atomic imperfections in silicon material known as T centers, paving the way toward leveraging these point defects for building quantum nodes for large-scale quantum networks.
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For decades, the pursuit of quantum computing has struggled with the need for extremely low temperatures, mere fractions of a degree above absolute zero (0 Kelvin or -273.15degC). That's because the quantum phenomena that grant quantum computers their unique computational abilities can only be harnessed by isolating them from the warmth of the familiar classical world we inhabit.



										      
         
        
        
        

      

																																	
A single quantum bit or "qubit," the equivalent of the binary "zero or one" bit at the heart of classical computing, requires a large refrigeration apparatus to function. However, in many areas where we expect quantum computers to deliver breakthroughs--such as in designing new materials or medicines--we will need large numbers of qubits or even whole quantum computers working in parallel.

Quantum computers that can manage errors and self-correct, essential for reliable computations, are anticipated to be gargantuan in scale. Companies like Google, IBM and PsiQuantum are preparing for a future of entire warehouses filled with cooling systems and consuming vast amounts of power to run a single quantum computer.

But if quantum computers could function at even slightly higher temperatures, they could be much easier to operate--and much more widely available. In new research published in Nature, our team has shown a certain kind of qubit--the spins of individual electrons--can operate at temperatures around 1K, far hotter than earlier examples.

The cold, hard facts

Cooling systems become less efficient at lower temperatures. To make it worse, the systems we use today to control the qubits are intertwining messes of wires reminiscent of ENIAC and other huge computers of the 1940s. These systems increase heating and create physical bottlenecks to making qubits work together.

The more qubits we try to cram in, the more difficult the problem becomes. At a certain point the wiring problem becomes insurmountable.

After that, the control systems need to be built into the same chips as the qubits. However, these integrated electronics use even more power--and dissipate more heat--than the big mess of wires.


																																						
    
     




																																			A warm turn

Our new research may offer a way forward. We have demonstrated that a particular kind of qubit--one made with a quantum dot printed with metal electrodes on silicon, using technology much like that used in existing microchip production--can operate at temperatures around 1K.

This is only one degree above absolute zero, so it's still extremely cold. However, it's significantly warmer than previously thought possible. This breakthrough could condense the sprawling refrigeration infrastructure into a more manageable, single system. It would drastically reduce operational costs and power consumption.

The necessity for such technological advancements isn't merely academic. The stakes are high in fields like drug design, where quantum computing promises to revolutionize how we understand and interact with molecular structures.

The research and development expenses in these industries, running into billions of dollars, underscore the potential cost savings and efficiency gains from more accessible quantum computing technologies.

A slow burn

"Hotter" qubits offer new possibilities, but they will also introduce new challenges in error correction and control. Higher temperatures may well mean an increase in the rate of measurement errors, which will create further difficulties in keeping the computer functional.

It is still early days in the development of quantum computers. Quantum computers may one day be as ubiquitous as today's silicon chips, but the path to that future will be filled with technical hurdles.

Our recent progress in operating qubits at higher temperatures is as a key step towards making the requirements of the system simpler.

It offers hope that quantum computing may break free from the confines of specialized labs into the broader scientific community, industry and commercial data centers.



																																																					
																				
																						More information:
												Jonathan Y. Huang et al, High-fidelity spin qubit operation and algorithmic initialization above 1 K, Nature (2024). DOI: 10.1038/s41586-024-07160-2
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                Structure of SOT spin-LED. Credit: Nature (2024). DOI: 10.1038/s41586-024-07125-5
            
        

    


Scientists have used electrical pulses to manipulate magnetic information into a polarized light signal, a discovery that could revolutionize long-distance optical telecommunications, including between Earth and Mars.



										      
         
        
        
        

      

																																	
The breakthrough, described in a study published in Nature, involves the field of spintronics, which aims to manipulate the spin of electrons in order to store and process information.

The researchers applied an electrical pulse to transfer this spin information from electrons to photons, the particles that make up light, allowing the information to be carried great distances at great speed. Their method meets three crucial criteria--operation at room temperature, no need of magnetic field and the ability for electrical control--and opens the door to a range of applications, including ultrafast communication and quantum technologies.

"For decades we were dreaming of and predicting room-temperature spintronic devices beyond magnetoresistance and just storing information. With this team's discovery, our dreams become reality," says the study's co-author, Igor Zutic, SUNY Distinguished Professor of physics at the University at Buffalo.

The study was led by the Jean Lamour Institute, a joint unit of France's National Center for Scientific Research (CNRS) and the University of Lorraine. Other contributors represent universities and institutes in France, Germany, Japan, China and the United States.


																																						
    
     




																																			Spintronic devices could replace conventional electronics

In spintronics, which has been used successfully in magnetic computer hard drives, information is represented by electron spin and, by its proxy, the direction of magnetization.

Ferromagnets, such as iron or cobalt, have an unequal number of electrons whose spins are oriented either along or against the magnetization axis. Electrons with spin along the magnetization travel smoothly across a ferromagnet, while those with opposite spin orientation are bounced around. This represents binary information, 0 and 1.

The resulting change of the resistance is the key principle for spintronic devices, whose magnetic state, which can be considered as stored information, is maintained indefinitely. Just as a fridge magnet does not need power to remain stuck to the door, spintronic devices would require much less power than conventional electronics.

However, akin to taking a fish out of water, spin information is quickly lost and cannot travel far when electrons are taken out of the ferromagnet. This major limitation can be overcome by utilizing light through its circular polarization, also known as helicity, as another spin carrier.

Just as humans centuries ago used carrier pigeons to transport written communication farther and faster than could be done on foot, the trick would be to transfer electron spin to photos, the quantum of light.


																																			Spin-LEDs meet three criteria

The presence of spin-orbit coupling, which is also responsible for the spin information loss outside of the ferromagnet, makes such transfer possible. The crucial missing link is then to electrically modulate the magnetization and thereby change the helicity of the emitted light.

"The concept of spin-LEDs was initially proposed at the end of the last century. However, for the transition into a practical application, it must meet three crucial criteria: operation at room temperature, no need of magnetic field, and the ability for electrical control," says the study's corresponding author, Yuan Lu, senior CNRS researcher at the Jean Lamour Institute.

"After more than 15 years of dedicated work in this field, our collaborative team has successfully conquered all obstacles."

The researchers successfully switched the magnetization of a spin injector by an electrical pulse using the spin-orbit torque. The electron's spin is rapidly converted into information contained in the helicity of the emitted photons, enabling a seamless integration of magnetization dynamics with photonic technologies.

This electrically controlled spin-photon conversion is now achieved in the electroluminescence of light-emitting diodes. In the future, through the implementation in semiconductor laser diodes, so-called spin-lasers, this highly-efficient information encoding could pave the way for rapid communication over interplanetary distances since polarization of light can be conserved in space propagation, potentially making it the fastest mode of communication between Earth and Mars.

It will also greatly benefit the development of various advanced technologies on Earth, such as optical quantum communication and computation, neuromorphic computing for artificial intelligence, ultrafast and highly-efficient optical transmitters for data centers or Light-Fidelity (LiFi) applications.

"The realization of spin-orbit-torque spin injectors is a decisive step that will greatly advance the development of ultrafast and energy-efficient spin-lasers for the next generation of optical communication and quantum technologies," says co-author Nils Gerhardt, professor at the Chair of Photonics and Terahertz Technology at the Ruhr University in Bochum.



																																																					
																				
																						More information:
												Pambiang Abel Dainone et al, Controlling the helicity of light by electrical magnetization switching, Nature (2024). DOI: 10.1038/s41586-024-07125-5
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Realizing clean qubits for quantum computers using electrons on helium
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                Illustration depicting a qubit made out of an electron (small sphere) floating on helium (gray block). Such qubits could form the basis of quantum computers. Credit: RIKEN Center for Quantum Computing
            
        

    


Future quantum computers could be based on electrons floating above liquid helium, according to study by a RIKEN physicist and collaborators, appearing in Physical Review Applied.




										      
         
        
        
        

      

																																	Today's computers are based on shuttling electrons around in silicon. Electrons in silicon could also form the basis of a completely different breed of computers--quantum computers. Numerous efforts are underway to realize quantum computers using electrons in various solid-state crystals, starting with silicon.

By exploiting the quantum nature of tiny objects, quantum computers promise to revolutionize computing by solving problems that are intractable using the most powerful supercomputers available today.

While efforts to create qubits using electrons in solid-state crystals have achieved significant success, increasing the number of qubits (the quantum equivalent of bits) is challenging because defects and impurities in solid-state crystals create unpredictable electrical potentials, making it difficult to produce many uniform qubits.

One way to overcome this problem would be to use electrons floating in a vacuum as qubits, since vacuum is defect free.

"Solid-state crystals will always have some defects, which means we cannot create a perfect environment for electrons," says Erika Kawakami of the RIKEN Center for Quantum Computing. "That is problematic if we want to create a lot of uniform qubits. And so it's better to have qubits in vacuum."

In 1999, researchers theoretically proposed to realize qubits based on electrons floating on liquid helium for the first time. In this physical system, electrons float in vacuum slightly above the surface of liquid helium. This was a groundbreaking proposal, but it was limited to basic operations of quantum gates because quantum-computer research was still in its infancy.


																																						
    
     




																																			Now, in a theoretical study, the team has shown how the quantum gates can be realized more concretely using electrons floating above liquid helium.

Central to their proposal is a hybrid qubit involving the vertically quantized charge state and the spin state of a floating electron. The charge state of the electron allows it to be easily manipulated over moderate distances using an electric field, while the spin state can be used to stably store data. The interaction between the spin and charge states of the electron enables data to be transferred between the two electron properties.

"We've proposed how to realize one-qubit and two-qubit gates using electrons on helium and estimated their fidelities," says Kawakami. "We've also specified how we can scale up the number of qubits. That is something new."

Their system uses an array of tiny ferromagnetic pillars to trap electrons above helium. It should be possible to squeeze more than 10 million qubits into an area the size of a postage stamp.

The team now intends to embrace the challenge of implementing their proposal experimentally.
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												Erika Kawakami et al, Blueprint for quantum computing using electrons on helium, Physical Review Applied (2023). DOI: 10.1103/PhysRevApplied.20.054022. On arXiv: DOI: 10.48550/arxiv.2303.03688
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Scientists suggest new methods to expedite the commercialization of metalens technology

										

    
        
            [image: Can metalens be commercialized at a fraction of the cost?]
             
                Wafer-scale manufacturing of a near-infrared metalens and a high-resolution image of onion epidermis captured using this technology. Credit: POSTECH
            
        

    


Metalenses, nano-artificial structures capable of manipulating light, offer a technology that can significantly reduce the size and thickness of traditional optical components. Particularly effective in the near-infrared region, this technology holds great promise for various applications such as LiDAR which is called the "eyes of the self-driving car," miniature drones, and blood vessel detectors.



										      
         
        
        
        

      

																																	
Despite its potential, the current technology requires tens of millions of Korean won for fabricating a metalens the size of a fingernail, posing a challenge for commercialization. Fortunately, a recent breakthrough shows promise of reducing its production cost by one thousandth of the price.

A collaborative research team (POSCO-POSTECH-RIST Convergence Research Team), comprising Professor Junsuk Rho from the Department of Mechanical Engineering and the Department of Chemical Engineering and others at Pohang University of Science and Technology (POSTECH), has proposed two innovative methods for mass-producing metalenses and manufacturing them on large surfaces. Their research featured in Laser & Photonics Reviews.

Photolithography, a process employed in crafting metalenses by imprinting patterns on silicon wafers using light, stands as a step in their fabrication. Typically, the resolution of light is inversely proportional to its wavelength, meaning that shorter wavelengths result in higher resolution, enabling the creation of finer and more detailed structures. In this research, the team opted for deep-UV photolithography, a process using shorter wavelengths of ultraviolet light.


																																						
    
     




																																			The research team recently achieved the mass production of metalenses for visible light region using deep ultraviolet photolithography, as published in the Nature Materials. However, challenges emerged as the existing method demonstrated low efficiency in the infrared region.

To address this limitation, the team developed a material with a high refractive index and low loss for the infrared region. This material was integrated into the established mass production process, resulting in the successful creation of a sizable infrared metalens with a 1cm diameter on an 8-inch wafer.

Notably, the lens boasts a remarkable numerical aperture (NA) of 0.53, highlighting its exceptional light-collecting capability along with high resolution approaching the diffraction limit. The cylindrical structure further renders it polarization-independent, ensuring excellent performance regardless of the direction of light vibration.

In the second approach, the team employed nano imprinting, a process allowing for the printing of nanostructures using a mold. This process utilized the nanoimprint technique know-how, accumulated through collaborative research with RIST.

This endeavor proved successful as the team managed to mass-produce a metalens with a 5-millimeter diameter, comprised of about a hundred million rectangular nanostructures on a 4-inch wafer. Notably, this metalens exhibited impressive performance, boasting an aperture of 0.53. Its rectangular structure showed polarization-dependent properties, effectively responding to the direction of light vibration.


																																			Building upon this achievement, the team integrated a high-resolution imaging system to observe real samples such as onion epidermis, validating the possibility of commercializing metalenses.

This research holds significance as it overcomes the limitations of the traditional one-by-one metalens production process. It not only facilitates the creation of optical devices with both polarization-dependent and -independent characteristics tailored to specific applications but also reduces the production cost of metalenses by up to 1,000 times.

Professor Junsuk Rho said, "We have achieved the precise and rapid production of high-performance metalenses on a wafer-scale, reaching centimeter dimensions. Our aim is for this research to expedite the industrialization of metalenses, fostering the advancement of efficient optical devices and optical technologies."
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Advancing quantum networks: Study achieves largest photon emission enhancement for single T center to date

										

    
        
            [image: Research shows promise for advancing quantum networks]
             
                Efficient optical coupling to single T centers in a silicon photonic cavity. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-46643-8
            
        

    


Rice University engineers have demonstrated a way to control the optical properties of atomic imperfections in silicon material known as T centers, paving the way toward leveraging these point defects for building quantum nodes for large-scale quantum networks.



										      
         
        
        
        

      

																																	
"T centers are a type of atomic defect in the regular lattice of silicon," said Songtao Chen, assistant professor of electrical and computer engineering.

"T centers have been generating a lot of interest recently because they show potential as qubit building blocks for quantum networking. They emit single photons at an advantageous wavelength for telecommunication applications, but they suffer from a low photon emission rate."

Spontaneous emission--the phenomenon behind the familiar glow of a firefly or other glow-in-the-dark effects--describes the process by which a quantum mechanical system, like a molecule, atom or subatomic particle, transitions to a lower-energy state by releasing some of its energy in the form of a photon. Enhancing the rate of spontaneous emission in T centers is one of the hurdles that scientists need to overcome in order to make T center-based qubits viable.

By embedding a T center in a photonic integrated circuit, Songtao and his team increased the collection efficiency for T center single photon emission by two orders of magnitude compared with typical confocal-type experiments.


																																						
    
     




																																			According to the study published in Nature Communications, the team demonstrated that coupling with a photonic crystal cavity enhances a T center's photon emission rate by a factor of seven, exploiting a phenomenon known as the Purcell effect.

"The goal of our experiment was to demonstrate the ability to modify the optical properties of single T centers in silicon," said Rice graduate student and study co-author Yu-En Wong. "It turns out that the photonic cavity structure does impact the T center photon emission rate. By measuring the rate with and without the cavity interaction, we were able to gauge the strength of the coupling between the cavity and the T center."

The coupling between the photonic cavity structure and T center grows stronger as they exchange photon energy increasingly rapidly, shortening the time that energy is stored in the T center.

"This is what's commonly known as the Purcell effect," said Rice graduate student and study co-author Adam Johnston.

"What we've shown here is that we can deploy the Purcell effect to achieve the purest single photon emission among all color centers in silicon to date and the largest photon emission enhancement for a single T center."

The finding is a significant step toward advancing quantum networks, which rely on the quantum properties of photons to encode information, allowing for both significantly more powerful computing as well as enhanced security.


																																			"The security of quantum communications is guaranteed by the fundamentals of quantum mechanics, enabling detection of eavesdroppers with a high probability and thus improving the protection of sensitive data," said co-author Ulises Felix-Rendon, who together with Johnston and Wong is pursuing a doctorate in applied physics as part of the Chen lab.

"Companies such as Google and IBM have demonstrated significant advantages of quantum computers over their classical counterparts," Felix-Rendon said.

"However, many of the world's most advanced quantum computers are restricted to sending information over wires cooled to cryogenic temperatures, which limits the scalability of these systems. We hope our work will be instrumental for developing quantum networks to connect remote quantum computers and moving past current roadblocks in quantum technology."
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        NASA's Europa clipper survives and thrives in 'outer space on Earth'
        In less than six months, NASA is set to launch Europa Clipper on a 1.6-billion-mile (2.6-billion-kilometer) voyage to Jupiter's ocean moon Europa. From the wild vibrations of the rocket ride to the intense heat and cold of space to the punishing radiation of Jupiter, it will be a journey of extremes. The spacecraft was recently put through a series of hard-core tests at the agency's Jet Propulsion Laboratory in Southern California to ensure it's up to the challenge.

      

      
        Life might be difficult to find on a single planet but may be obvious across many worlds
        If we could detect a clear, unambiguous biosignature on just one of the thousands of exoplanets we know of, it would be a huge, game-changing moment for humanity. But it's extremely difficult. We simply aren't in a place where we can be certain that what we're detecting means what we think or even hope it does.

      

      
        Astronomers conduct first search for forming planets with James Webb Space Telescope
        Planets form in disks of dust and gas called protoplanetary disks that whirl around a central protostar during its final assembly. Although several dozens of such disks have been imaged, just two planets have been caught in the act of forming so far. Now, astronomers are aiming the powerful instruments aboard the James Webb Space Telescope at protoplanetary disks to try to find early clues about the ways in which planets form, and how these planets influence their natal disk.

      

      
        Looking at a solar eclipse can be dangerous without eclipse glasses. Here's what to know
        Millions of people along a narrow band in North America will look up when the sky darkens during a total solar eclipse on April 8. When they do, safety is key.

      

      
        Climate change is messing with how we measure time: Study
        Struggle to wrap your head around daylight savings? Spare a thought for the world's timekeepers, who are trying to work out how climate change is affecting Earth's rotation--and in turn, how we keep track of time.
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            [image: NASA's Europa Clipper Survives and Thrives in 'Outer Space' on Earth]
             
                Europa Clipper is seen in the 25-Foot Space Simulator at JPL in February, before the start of thermal vacuum testing. A battery of tests ensures that the NASA spacecraft can withstand the extreme hot, cold, and airless environment of space. Credit: NASA/JPL-Caltech
            
        

    


In less than six months, NASA is set to launch Europa Clipper on a 1.6-billion-mile (2.6-billion-kilometer) voyage to Jupiter's ocean moon Europa. From the wild vibrations of the rocket ride to the intense heat and cold of space to the punishing radiation of Jupiter, it will be a journey of extremes. The spacecraft was recently put through a series of hard-core tests at the agency's Jet Propulsion Laboratory in Southern California to ensure it's up to the challenge.



										      
         
        
        
        

      

																																	Called environmental testing, the battery of trials simulates the environment that the spacecraft will face, subjecting it to shaking, chilling, airlessness, electromagnetic fields, and more.

"These were the last big tests to find any flaws," said JPL's Jordan Evans, the mission's project manager. "Our engineers executed a well-designed and challenging set of tests that put the system through its paces. What we found is that the spacecraft can handle the environments that it will see during and after launch. The system performed very well and operates as expected."

The gantlet

The most recent environmental test for Europa Clipper was also one of the most elaborate, requiring 16 days to complete. The spacecraft is the largest NASA has ever built for a planetary mission and one of the largest ever to squeeze into JPL's historic 85-foot-tall, 25-foot-wide (26-meter-by-8-meter) thermal vacuum chamber (TVAC). Known as the 25-foot Space Simulator, the chamber creates a near-perfect vacuum inside to mimic the airless environment of space.

At the same time, engineers subjected the hardware to the high temperatures it will experience on the side of Europa Clipper that faces the sun while the spacecraft is close to Earth. Beams from powerful lamps at the base of the Space Simulator bounced off a massive mirror at its top to mimic the heat the spacecraft will endure.

To simulate the journey away from the sun, the lamps were dimmed and liquid nitrogen filled tubes in the chamber walls to chill them to temperatures replicating space. The team then gauged whether the spacecraft could warm itself, monitoring it with about 500 temperature sensors, each of which had been attached by hand.



    
    
    
        
        
    
         
             
         

        Watch as engineers and technicians move NASA's Europa Clipper into the thermal vacuum chamber at JPL in February 2024. Credit: NASA/JPL-Caltech
  

TVAC marked the culmination of environmental testing, which included a regimen of tests to ensure the electrical and magnetic components that make up the spacecraft don't interfere with one another.

The orbiter also underwent vibration, shock, and acoustics testing. During vibration testing, the spacecraft was shaken repeatedly--up and down and side to side--the same way it will be jostled aboard the SpaceX Falcon Heavy rocket during liftoff. Shock testing involved pyrotechnics to mimic the explosive jolt the spacecraft will get when it separates from the rocket to fly its mission.

Finally, acoustic testing ensured that Europa Clipper could withstand the noise of launch when the rumbling of the rocket is so loud it can damage the spacecraft if it's not sturdy enough.

"There still is work to be done, but we're on track for an on-time launch," Evans said. "And the fact that this testing was so successful is a huge positive and helps us rest more easily."


																																						
    
     




																																			Looking to launch

Later this spring, the spacecraft will be shipped to NASA's Kennedy Space Center in Florida. There, teams of engineers and technicians will carry out final preparations with eyes on the clock. Europa Clipper's launch period opens Oct. 10.

After liftoff, the spacecraft will zip toward Mars, and in late February 2025, it will be close enough to use the Red Planet's gravitational force for added momentum. From there, the solar-powered spacecraft will swing back toward Earth to get another slingshot boost--from our own planet's gravitational field--in December 2026.

Then, it's on to the outer solar system, where Europa Clipper is set to arrive at Jupiter in 2030. The spacecraft will orbit the gas giant while it flies by Europa 49 times, dipping as close as 16 miles (25 kilometers) from the moon's surface to gather data with its powerful suite of science instruments. The information gathered will tell scientists more about the moon's watery interior.
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Life might be difficult to find on a single planet but may be obvious across many worlds

										

    
        
            [image: Life might be difficult to find on a single planet but obvious across many worlds]
             
                Panspermia is the idea that life is spread throughout the galaxy, or even the Universe, by asteroids, comets, and even minor planets. Credit: NASA/Jenny Mottor
            
        

    


If we could detect a clear, unambiguous biosignature on just one of the thousands of exoplanets we know of, it would be a huge, game-changing moment for humanity. But it's extremely difficult. We simply aren't in a place where we can be certain that what we're detecting means what we think or even hope it does.



										      
         
        
        
        

      

																																	
But what if we looked at many potential worlds at once?

It's assumptions that plague us. Every chemical we detect in an exoplanet atmosphere, even with the powerful JWST, is accompanied by a set of assumptions. We simply don't know enough yet for it to be any other way. This puts us in a difficult place, considering the magnitude of the question we're trying to answer: is there life beyond Earth?

"A fundamental goal of astrobiology is to detect life outside of Earth," write the authors of a new paper. It's titled "An Agnostic Biosignature Based on Modeling Panspermia and Terraformation," and it's available on the preprint site arXiv. The authors are Harrison B. Smith and Lana Sinapayen. Smith is from the Earth-Life Science Institute at the Tokyo Institute of Technology in Japan, and Sinapayen is from the Sony Computer Science Laboratories in Kyoto, Japan.

The fundamental goal that the pair of authors give voice to is a difficult one to reach. "This proves to be an exceptional challenge outside of our solar system, where strong assumptions must be made about how life would manifest and interact with its planet," the authors explain.

We only know how Earth's biosphere works, and we're left to assume what similarities there might be with other planets. We don't have any consensus about how biospheres might be able to work. We're not completely ignorant, as chemistry and physics make some things possible and others impossible. But we're not an authority on biospheres.


																																						
    
     




																																			Scientists are pretty good at modeling things and trying to generate useful answers, as well as generating relevant questions they might not have thought of without models. In this work, the pair of authors took a different approach to understanding life on other worlds and what effort we can make to detect it.



    
        
            [image: Life might be difficult to find on a single planet but obvious across many worlds]
             
                This figure from the study helps illustrate the authors' work. A shows a target planet selection, where an initial planet and its composition are randomly selected. This planet represents a terraformed parent planet. B shows the simulation run beginning with the initial parent planet, showing how nearby planets will be terraformed to more closely match the parent planet. C shows how each terraformed planet will retain some of its differences, about 10% in the researchers' model. Image Credit: Smith and Sinapayen, 2024
            
        

    



"Here we explore a model of life spreading between planetary systems via panspermia and terraformation," the authors write. "Our model shows that as life propagates across the galaxy, correlations emerge between planetary characteristics and location and can function as a population-scale agnostic biosignature."

The word "agnostic" is key here. It means that they're aiming to detect a biosignature that's independent of the assumptions we're normally saddled with. "This biosignature is agnostic because it is independent of strong assumptions about any particular instantiation of life or planetary characteristic--by focusing on a specific hypothesis of what life may do rather than what life may be," the authors explain.

This approach is different. They analyze planets by their observed characteristics and then cluster them based on those observations. Then, they examine the spatial extent of the clusters themselves. That leads to a way to prioritize individual planets for their potential to harbor life.

Panspermia and terraforming play key roles. We know that rocks can travel between worlds, and that's called lithopanspermia. Powerful impacts on Mars lofted rocks into space, some of which eventually fell to Earth. If dormant organisms like spores could survive the journey, it's at least feasible that life could spread this way.


																																			Terraforming is self-explanatory for the most part. It's the effort to engineer a world to be more habitable. If there are other technological, space-faring civilizations out there, one useful working assumption is that they'll eventually terraform other worlds if they last long enough. In any case, even non-technological life can purposefully alter its environment. (Sit and watch beavers sometime.)

The authors make an interesting point regarding panspermia and terraforming. They're both things that life already does, kind of. "Ultimately, our postulates of panspermia and terraformation are merely well-understood hallmarks of life (proliferation via replication and adaptation with bi-directional environmental feedback), escalated to the planetary scale, and executed on an interstellar scale," they write.



    
        
            [image: Life might be difficult to find on a single planet but obvious across many worlds]
             
                This figure from the research shows how simulated terraformed planets would appear clustered on a graph. This is a projection of 3D planet locations in the 2D X-Y plane and the earliest time step where the researchers detect a cluster of planets meeting their selection criteria. True terraformed planets have a blue fill, while planets detected by their selection method have a red outline. Image Credit: Smith and Sinapayen, 2024
            
        

    



The authors' model shows that the way planets are distributed around stars, along with their other characteristics, could be evidence of life without even attempting to detect chemical biosignatures. This is the agnostic part of their work. It's more powerful than a one-planet-at-a-time struggle to detect biosignatures, as plagued as that effort is by assumptions. Single planets with detected biosignatures can always be explained away by something anomalous. But that's harder to do in this agnostic method.

"Hypothesizing that life spreads via panspermia and terraformation allows us to search for biosignatures while forgoing any strong assumptions about not only the peculiarities of life (e.g., its metabolism) and planetary habitability (e.g., requiring surface liquid water) but even the potential breadth of structure and chemical complexity underpinning living systems," the authors explain.


																																						
    
     




																																			We're accustomed to thinking about specific chemicals, and the types of atmospheres exoplanets have to determine the presence of biosignatures. But that's not how this works. This model is agnostic, so it's not really about specific chemical biosignatures. It's more about the patterns and clusters we could detect in populations of planets that could signal the presence of life via panspermia and terraforming.

Terraformed planets can be identified from their clustering, the authors claim. That's because when they're terraformed, the planets need to reflect the originating planet.

There are obstacles to this method that limit its usefulness and implementation. According to the authors, they need to identify "... specific ways in which better understanding astrophysical and planetary processes would improve our ability to detect life."

But even without more specifics, the method is thought-provoking and creative. In the end, the authors' model and method lead to a novel way to think about life's hierarchies and how these hierarchies might be replicated on other planets.

If this method is strengthened and more fully developed, who knows what it might lead to?
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            [image: Astronomers conduct first search for forming planets with new space telescope]
             
                Two spiral arms emerge from the gas-rich disk around SAO 206462, a young star in the constellation Lupus. This image, acquired by the Subaru Telescope and its HiCIAO instrument, is the first to show spiral arms in a circumstellar disk. The image traces the light emitted by the star and scattered on the disk surface. The disk itself is some 14 billion miles across, or about twice the size of Pluto's orbit in our own solar system. Credit: NAOJ/Subaru
            
        

    


Planets form in disks of dust and gas called protoplanetary disks that whirl around a central protostar during its final assembly. Although several dozens of such disks have been imaged, just two planets have been caught in the act of forming so far. Now, astronomers are aiming the powerful instruments aboard the James Webb Space Telescope at protoplanetary disks to try to find early clues about the ways in which planets form, and how these planets influence their natal disk.



										      
         
        
        
        

      

																																	A trio of studies led by the University of Michigan, University of Arizona and University of Victoria combined JWST's images with prior observations made by the Hubble Space Telescope and the Atacama Large Millimeter Array, or ALMA, in Chile. Based on the ancillary observations, the team used JWST to observe protoplanetary disks HL Tau, SAO 206462 and MWC 758 in hopes of detecting any planets that might be forming.

In the papers, published in The Astronomical Journal, the researchers pieced together previously unseen interactions between the planet-forming disk and the envelope of gas and dust surrounding the young stars at the center of the protoplanetary disks.

To catch a planet

The U-M study, led by U-M astronomer Gabriele Cugno, aimed JWST at a disk surrounding a protostar called SAO 206462. There, the researchers potentially found a planet candidate in the act of forming in a protoplanetary disk, but it wasn't the planet they expected to find.

"Several simulations suggest that the planet should be within the disk, massive, large, hot, and bright. But we didn't find it. This means that either the planet is much colder than we think, or it may be obscured by some material that prevents us from seeing it," said Cugno, also a co-author on all three papers. "What we have found is a different planet candidate, but we cannot tell with 100% certainty whether it's a planet or a faint background star or galaxy contaminating our image. Future observations will help us understand exactly what we are looking at."


																																						
    
     




																																			Astronomers have observed the disk in the past, notably with the Hubble Space Telescope, the Subaru Telescope, the Very Large Telescope and ALMA. These observations show a disk composed of two strong spirals, which are likely launched by a forming planet. The planet the U-M team expected to find is a type called a gas giant, planets composed mainly of hydrogen and helium, similar to Jupiter in our own solar system.

"The problem is, whatever we're trying to detect is hundreds of thousands, if not millions of times fainter than the star," Cugno said. "That's like trying to detect a little light bulb next to a lighthouse."

To peer more closely into the disk, the team used an instrument on JWST called NIRCam. NIRCam detects infrared light, and the astronomers used the instrument employing a technique called angular differential imaging. This technique can be used to detect both the thermal radiation of the planet, as the team has done to detect the planet candidate, and specific emission lines associated with material falling onto the planet and hitting its surface with high velocity.

"When material falls onto the planet, it shocks at the surface and gives off an emission line at specific wavelengths," Cugno said. "We use a set of narrow-band filters to try to detect this accretion. This has been done before from the ground at optical wavelengths, but this is the first time it's been done in the infrared with JWST."



    
        
            [image: Astronomers conduct first search for forming planets with new space telescope]
             
                This artist's impression shows the formation of a gas giant planet embedded in the disk of dust and gas in the ring of dust around a young star. A University of Michigan study, led by U-M astronomer Gabriele Cugno, aimed the James Webb Space Telescope at a protoplanetary disk surrounding a protostar called SAO 206462, hoping to find a gas giant planet in the act of forming. Credit: ESO/L. Calcada
            
        

    



Imaging the 'raw material' of planets

The University of Victoria paper, led by astronomy student Camryn Mullin, describes images of the disk surrounding the young star HL Tau.

"HL Tau is the youngest system in our survey, and still surrounded by a dense inflow of dust and gas falling onto the disk," said Mullin, a co-author of all three studies. "We were amazed by the level of detail with which we could see this surrounding material with JWST, but unfortunately, it obscures any signals from potential planets. "


																																			HL Tau's disk is known for having several solar-system scale rings and gaps that could harbor planets.

"While there is a ton of evidence for ongoing planet formation, HL Tau is too young with too much intervening dust to see the planets directly," said Jarron Leisenring, the principal investigator of the observing campaign searching for forming planets and astronomer at the University of Arizona Steward Observatory. "We have already begun looking at other young systems with known planets to help form a more complete picture."

However, to the team's surprise, JWST revealed unexpected details of a different feature: the proto-stellar envelope, which is essentially a dense inflow of dust and gas surrounding the young star that is just beginning to coalesce, according to Leisenring. Under the influence of gravity, material from the interstellar medium falls inward onto the star and the disk, where it serves as the raw material for planets and their precursors.

The UArizona study, led by Kevin Wagner, a NASA Hubble/Sagan Fellow at UArizona Steward Observatory, examined the protoplanetary disk of MWC 758. Similar to SAO 206462, previous observations by the UArizona-led team revealed spiral arms forming in the disk, hinting at a massive planet orbiting its host star.

While no new planets were detected in the disk during the most recent observations, the sensitivity is groundbreaking, the researchers say, as it allows them to place the most stringent constraints yet on the suspected planets. For one, the results rule out the existence of additional planets in the outer regions of the MWC 758, consistent with a single giant planet driving the spiral arms.

"The lack of planets detected in all three systems tells us that the planets causing the gaps and spiral arms either are too close to their host stars or too faint to be seen with JWST," said Wagner, a co-author of all three studies. "If the latter is true, it tells us that they're of relatively low mass, low temperature, enshrouded in dust, or some combination of the three--as is likely the case in MWC 758."


																																						
    
     




																																			The search for forming planets continues

Catching planets in the act of forming is important because astronomers can glean information not only about the formation process, but how chemical elements get distributed throughout a planetary system.

"Only about 15 percent of stars like the sun have planets like Jupiter. It's really important to understand how they form and evolve, and to refine our theories," said U-M Michael Meyer, U-M astronomer and co-author of all three studies. "Some astronomers think that these gas giant planets regulate the delivery of water to rocky planets forming in the inner parts of the disks."

Knowing how these disks are shaped by gas giants will help astronomers ultimately understand the properties and evolution of protoplanetary disks that later give rise to rocky, Earth-like planets, said Meyer.

"Basically in every disk we have observed with high enough resolution and sensitivity, we have seen large structures like gaps, rings and, in the case of SAO 206462, spirals," Cugno said. "Most if not all of these structures can be explained by forming planets interacting with the disk material, but other explanations that do not involve the presence of giant planets exist.

"If we manage to finally see these planets, we can connect some of the structures with forming companions and relate formation processes to the properties of other systems at much later stages. We can finally connect the dots and understand how planets and planetary systems evolve as a whole."


																																																					
																				
																						More information:
												Kevin Wagner et al, JWST/NIRCam Imaging of Young Stellar Objects. I. Constraints on Planets Exterior to the Spiral Disk Around MWC 758, The Astronomical Journal (2024). DOI: 10.3847/1538-3881/ad11d5

Gabriele Cugno et al, JWST/NIRCam Imaging of Young Stellar Objects. II. Deep Constraints on Giant Planets and a Planet Candidate Outside of the Spiral Disk Around SAO 206462, The Astronomical Journal (2024). DOI: 10.3847/1538-3881/ad1ffc

Camryn Mullin et al, JWST/NIRCam Imaging of Young Stellar Objects. III. Detailed Imaging of the Nebular Environment around the HL Tau Disk, The Astronomical Journal (2024). DOI: 10.3847/1538-3881/ad2de9
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            [image: Looking at a solar eclipse can be dangerous without eclipse glasses. Here's what to know]
             
                Justin Coleman, of Birmingham, Ala., holds his glasses up to his eyes as he watches the solar eclipse atop a parking structure, Monday, Aug. 21, 2017, in Birmingham. Safe solar eclipse glasses block out the sun's ultraviolet rays and nearly all visible light. When worn indoors, only very bright lights should be faintly visible - not household furniture or wallpaper. Credit: AP Photo/Brynn Anderson, File
            
        

    


Millions of people along a narrow band in North America will look up when the sky darkens during a total solar eclipse on April 8. When they do, safety is key.




										      
         
        
        
        

      

																																	
Staring directly at the sun during a solar eclipse or at any other time can lead to permanent eye damage. The eclipse is only safe to witness with the naked eye during totality, or the period of total darkness when the moon completely covers the sun.

Those eager to experience the eclipse should buy eclipse glasses from a reputable vendor. Sunglasses are not protective enough, and binoculars and telescopes without a proper solar filter can magnify light from the sun, making them unsafe.

"Please, please put those glasses on," NASA Administrator Bill Nelson said.

Where to find eclipse glasses

Since counterfeit glasses abound, consider purchasing glasses from a local science museum or order online from a seller cleared on the American Astronomical Society's website.

Eclipse safety experts say legitimate eclipse glasses should block out ultraviolet light from the sun and nearly all visible light. When worn indoors, only very bright lights should be faintly visible--not household furniture or wallpaper.

Old eclipse glasses from the 2017 total solar eclipse or October's "ring of fire" annular eclipse are safe to reuse, as long as they aren't warped and don't have scratches or holes.

Glasses should say they comply with ISO 12312-2 standards, though fake suppliers can also print this language on their products. NASA does not approve or certify eclipse glasses.
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                Projected images of the eclipse are seen through the leaves on the trees on the sidewalk at the White House in Washington, Monday, Aug. 21, 2017. Credit: AP Photo/Alex Brandon, File
            
        

    



How to view the eclipse without glasses

If you don't have eclipse glasses, you can still enjoy the spectacle through indirect ways such as making a pinhole projector using household materials.

Poke a hole through a piece of cardstock or cardboard, hold it up during the eclipse and look down to see a partial crescent projected below. Holding up a colander or a cracker will produce a similar effect.

Another trick: Peering at the ground under a shady tree can yield crescent shadows as the sunlight filters through branches and leaves.

Eye experts warn against viewing the eclipse through a phone camera. The sun's bright rays can also damage a phone's digital components.


																																						
    
     




																																			Why looking at a solar eclipse is dangerous

Eye damage can occur without proper protection. The sun's bright rays can burn cells in the retina at the back of the eye. The retina doesn't have pain receptors, so there's no way to feel the damage as it happens. Once the cells die, they don't come back.

Symptoms of solar eye damage, called solar retinopathy, include blurred vision and color distortion.



    
        
            [image: Looking at a solar eclipse can be dangerous without eclipse glasses. Here's what to know]
             
                Reveka Pasternak, of Boston, left, and her sister Tristen, of Philadelphia, right, use pinhole projectors to view a partial solar eclipse, Monday, Aug. 21, 2017, on the campus of Massachusetts Institute of Technology, in Cambridge, Mass. The sisters made the pinhole projectors from cardboard that allow people to safely view the eclipse. Credit: AP Photo/Steven Senne, File
            
        

    



In a rare case of eclipse eye damage, a woman who viewed the 2017 eclipse without adequate protection came to Mount Sinai's New York Eye and Ear Infirmary, complaining of a black spot in her vision. Doctors discovered retinal damage that corresponded to the eclipse's shape.

"The dark spot she was describing was in the shape of a crescent," said Dr. Avnish Deobhakta, a Mount Sinai ophthalmologist.

There's no set rule for how long of a glance can lead to permanent damage. Severity varies based on cloudiness, air pollution and a person's vantage point.

But doctors say looking at a solar eclipse for even a few seconds unprotected isn't worth the risk. There are reports of solar retinopathy after every solar eclipse, and U.S. eye doctors saw dozens of extra visits after the one in 2017.

Spectators who plan ahead can secure a stress-free eclipse viewing experience.

"It can be dangerous if we aren't careful, but it's also very safe if we take the basic precautions," said Dr. Geoffrey Emerson, a board member of the American Society of Retina Specialists.
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Climate change is messing with how we measure time: Study

										

    
        
            [image: Climate change may have delayed the need for the world's timekeepers to add a &quot;negative leap second&quot; to standard time]
             
                Climate change may have delayed the need for the world's timekeepers to add a "negative leap second" to standard time.
            
        

    


Struggle to wrap your head around daylight savings? Spare a thought for the world's timekeepers, who are trying to work out how climate change is affecting Earth's rotation--and in turn, how we keep track of time.



										      
         
        
        
        

      

																																	
In a strange twist, global warming could even help out timekeepers by delaying the need for history's first "negative leap second" by three years, a study published on Wednesday suggested.

Experts fear that introducing a negative leap second--a minute with only 59 seconds--into standard time could cause havoc on computer systems across the world.

For most of history, time was measured by the rotation of the Earth. However in 1967, the world's timekeepers embraced atomic clocks--which use the frequency of atoms as their tick-tock--ushering in a more precise era of timekeeping.

But sailors, who still relied on the sun and stars for navigation, and others wanted to retain the connection between Earth's rotation and time.

There was a problem. Our planet is an unreliable clock, and had long been rotating slightly slower than atomic time, meaning the two measurements were out of sync.

So a compromise was struck. Whenever the difference between the two measurements approached 0.9 of a second, a "leap second" was added to Coordinated Universal Time (UTC), the internationally agreed standard by which the world sets its clocks.

Though most people likely have not noticed, 27 leap seconds have been added to UTC since 1972, the last coming in 2016.

But in recent years a new problem has emerged that few saw coming: Earth's rotation has been speeding up, overtaking atomic time.


																																						
    
     




																																			This means that to bring the two measurements in sync, timekeepers may have to introduce the first ever negative leap second.



    
        
            [image: What time is it? That depends if you are looking at the Earth's rotation or atomic clocks]
             
                What time is it? That depends if you are looking at the Earth's rotation or atomic clocks.
            
        

    



Our unpredictable planet

"This has never happened before, and poses a major challenge to making sure that all parts of the global timing infrastructure show the same time," said Duncan Agnew, a researcher at the University of California, San Diego.

"Many computer programs for leap seconds assume they are all positive, so these would have to be rewritten," he told AFP.

Partly using satellite data, Agnew looked at the rate of the Earth's rotation and the effect of its slowing core for the new study published in the journal Nature.

He determined that if not for climate change, a negative leap second might have needed to be added to UTC as soon as 2026.

But starting from 1990, melting ice in Greenland and Antarctica has slowed down the Earth's rotation, the study said. This has delayed the need for a negative leap second until at least 2029, it added.

"When the ice melts, the water spreads out over the whole ocean; this increases the moment of inertia, which slows the Earth down," Agnew said.

If the need for an "unprecedented" negative leap second was delayed, that would be "welcome news indeed," Patrizia Tavella, the head of the International Bureau of Weights and Measures, which is responsible for UTC, commented in Nature.


																																			Demetrios Matsakis, former chief scientist for time services at the US Naval Observatory who was not involved in the research, told AFP that he was skeptical of Agnew's analysis.

He said that "Earth is too unpredictable to be sure" if a negative leap second would be needed any time soon.



    
        
            [image: Melting polar ice has affected the Earth's rotation since 1990, according to new research]
             
                Melting polar ice has affected the Earth's rotation since 1990, according to new research.
            
        

    



Second nature

But all agreed that a negative leap second would be a hop into the unknown.

"It would not bring about the downfall of civilization, and given enough publicity some problems could be avoided," Matsakis said.

"But I would not recommend being in an airplane at that time."

Even positive leap seconds have previously caused problems for systems that require precise timekeeping.

That is partly why the world's timekeepers agreed in 2022 to scrap the leap second by 2035.

From that year, the plan is to allow the difference between atomic time and the Earth's rotation to grow up to a minute.

A subsequent leap minute to bring them into sync is not expected to be needed in the next century.

And "a negative leap minute is very, very unlikely," Agnew said.

He hopes his research will prompt the world's timekeepers to consider dropping the leap second sooner than 2035, a sentiment echoed by Tavella and Matsakis.



																																																					
																				
																						More information:
												Duncan Carr Agnew, A global timekeeping problem postponed by global warming, Nature (2024). DOI: 10.1038/s41586-024-07170-0
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        Researchers create reliable prediction method for oxygen reduction catalysts
        Tohoku University researchers have created a reliable means of predicting the performance of a new and promising type of catalyst. Their breakthrough will speed up the development of efficient catalysts for both alkaline and acidic environments, thereby saving time and effort in future endeavors to create better fuel cells.

      

      
        Storing electrons from hydrogen for clean chemical reactions
        Researchers from Kyushu University have developed a hydrogen energy carrier to address some of the biggest hurdles in the path toward a sustainable hydrogen economy. As explained in a paper published in JACS Au, this novel compound can efficiently "store electrons" from hydrogen in a solid state to use in chemical reactions later.

      

      
        New method provides automated calculation of surface properties in crystals
        Computer-based methods are becoming an increasingly powerful tool in the search for new materials for key technologies such as photovoltaics, batteries, and data transmission. Prof. Dr. Caterina Cocchi and Holger-Dietrich Sassnick from the University of Oldenburg in Germany have now developed a high-throughput automatized method to calculate the surface properties of crystalline materials starting directly at the level of established laws of physics (first principles).

      

      
        Bifunctional catalyst enables high-performance batteries for sustainable energy storage
        Zinc-nitrate batteries are a primary non-rechargeable energy storage system that utilizes the redox potential difference between zinc and nitrate ions to store and release electrical energy. A research team co-led by chemists from City University of Hong Kong (CityU) have developed a high-performance rechargeable zinc-nitrate/ethanol battery by introducing an innovative catalyst.

      

      
        Team discovers fundamentally new way to detect radiation involving cheap ceramics
        The radiation detectors used today for applications like inspecting cargo ships for smuggled nuclear materials are expensive and cannot operate in harsh environments, among other disadvantages. Now, MIT engineers have demonstrated a fundamentally new way to detect radiation that could allow much cheaper detectors and a plethora of new applications.

      

      
        Study unlocks the power of visible light for sustainable chemistry
        A breakthrough in sustainable molecular transformations has been achieved by researchers at the University of Helsinki. Led by Professor Pedro Camargo, the team has developed an important way to harness the power of visible light to drive chemical processes with greater efficiencies, offering a greener alternative to traditional methods.

      

      
        Blood, sweat, and water: New paper analytical devices easily track health and environment
        When you need to measure white blood cell counts, it usually involves trips to clinics and expensive equipment for analysis. Likewise, checking water quality for contaminants can be a lengthy process.
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Researchers create reliable prediction method for oxygen reduction catalysts

										

    
        
            [image: Benchmarking theory with experiments for oxygen reduction catalysts]
             
                Structures of long-chain Fe-Azaphthalocyanines (AzPc) molecular catalysts. After DFT geometric relaxations with more than 650 atoms, different "dancing patterns" emerged due to the varying interactions between the molecular side chains and the graphene substrate. Credit: Chemical Science (2024). DOI: 10.1039/D4SC00473F
            
        

    


Tohoku University researchers have created a reliable means of predicting the performance of a new and promising type of catalyst. Their breakthrough will speed up the development of efficient catalysts for both alkaline and acidic environments, thereby saving time and effort in future endeavors to create better fuel cells.



										      
         
        
        
        

      

																																	
Details of their research were published in the journal Chemical Science on March 15, 2024.

Fuel cell technology has long been heralded as a promising avenue for clean energy, but challenges in catalyst efficiency have hindered its widespread adoption.

Molecular metal-nitrogen-carbon (M-N-C) catalysts boast distinctive structural properties and excellent electrocatalytic performance, particularly for the oxygen reduction reaction (ORR) in fuel cells. They offer a cost-effective alternative to platinum based catalysts.

One such variant of M-N-C catalysts are metal-doped azaphthalocyanine (AzPc). These possess unique structural properties, characterized by long-stretching functional groups. When these catalysts are placed on a carbon substrate, they take on three-dimensional shapes, much like a dancer placed onto a stage. This shape change influences how well they work for ORR at different pH levels.

Still, translating these beneficial structural properties into increased performances is a challenge, one that requires significant modeling, validation, and experimentation, which is resource intensive.



    
        
            [image: Benchmarking theory with experiments for oxygen reduction catalysts]
             
                pH-dependent ORR volcano models and the simulated LSV curves of Fe-AzPc derivatives. pH-field dependent volcanos. The left and right sides of the color bar represent the correlation between the electric field and pH. This figure serves as a benchmark for our experiments. Credit: Chemical Science (2024). DOI: 10.1039/D4SC00473F
            
        

    



"To overcome this, we used computer simulations to study how the performance of carbon-supported Fe-AzPcs catalyst for oxygen reduction reactions changes with different pH levels, by looking at how electric fields interact with the pH and the surrounding functional group," says Hao Li, associate professorat Tohoku University's Advanced Institute for Materials Research (WPI-AIMR) and corresponding author of the paper.


																																						
    
     




																																			In analyzing Fe-AzPcs performance in ORR, Li and his colleagues incorporated large molecular structures with complex long-chain arrangements, or "dancing patterns," with arrangements of more than 650 atoms.

Crucially, the experimental data revealed that the pH-field coupled microkinetic modeling closely matched the observed ORR efficiency.

"Our findings suggest that evaluating the charge transfer occurring at the Fe-site, where the Fe atom usually loses approximately 1.3 electrons, could serve as a useful method for identifying suitable surrounding functional groups for ORR," adds Li. "We have essentially created a direct benchmark analysis for the microkinetic model to identify effective M-N-C catalysts for ORR across various pH conditions."



																																																					
																				
																						More information:
												Di Zhang et al, Benchmarking pH-field coupled microkinetic modeling against oxygen reduction in large-scale Fe-azaphthalocyanine catalysts, Chemical Science (2024). DOI: 10.1039/D4SC00473F
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Storing electrons from hydrogen for clean chemical reactions

										


    
        
            [image: Storing electrons from hydrogen for clean chemical reactions]
             
                The proposed iridium-based compound can effectively store "electrons" from hydrogen and hold them in solid state at room temperature for months. These stored electrons can then be released to catalyze cyclopropanation reactions that do not produce metal waste. Credit: Kyushu University/Seiji Ogo
            
        

    


Researchers from Kyushu University have developed a hydrogen energy carrier to address some of the biggest hurdles in the path toward a sustainable hydrogen economy. As explained in a paper published in JACS Au, this novel compound can efficiently "store electrons" from hydrogen in a solid state to use in chemical reactions later.




										      
         
        
        
        

      

																																	Hydrogen is a promising source of clean energy with a lot of untapped potential applications in industry and everyday life. Unlike conventional fuels, hydrogen can be used to generate electricity without producing greenhouse gases. It can also be used in various chemical reactions such as hydrogenation, that is, as a source of hydride ions or hydrogen atom electrons.

However, storing and transporting hydrogen in either gaseous or liquid states is extremely challenging, requiring expensive equipment and cooling systems.

Professor Seiji Ogo from Kyushu University's WPI-International Institute for Carbon-Neutral Energy (WPI-I2CNER) has been developing innovative solutions to these problems. In their most recent study, Ogo and his colleague from Kindai University took inspiration from nature to develop an iridium-based compound with peculiar and remarkably useful properties.

"We have been actively exploring hydrogen energy carriers that can be easily synthesized and used as-is. These compounds are based on the hydrogenase enzyme found in nature, which can catalyze hydrogen into protons and electrons at room temperature," explains Ogo. "A core idea of our approach that led to a breakthrough was to view hydrogen not as a source of negatively charged hydride ion or hydrogen atom, but as electrons."


																																						
    
     




																																			After carefully examining many combinations of metal ions and organic ligands, the research team crafted an iridium-based compound which, when exposed to hydrogen incorporates it into the metal center after losing an iodide ion. In this way, the proposed compound can effectively extract and store electrons from hydrogen.

These changes are readily reversible under the right conditions, and the stored electrons can be easily extracted and used in chemical reactions to synthesize valuable molecules. In this study, the researchers focused on using the electrons stored in the compound to catalyze cyclopropanation reactions.

Cyclopropanes are molecules with a three-membered carbon ring structure and represent important structural units in various pharmaceutical drugs and organic compounds. However, conventional cyclopropanations have produced large amounts of waste metals as byproducts. The proposed hydrogen energy carrier circumvents this issue entirely.

"The cyclopropanation reactions performed in our study use hydrogen rather than metals as the reductant and thus produce no metal waste. This is a major advantage of the proposed compound over established techniques," remarks Ogo.

Notably, this study also marks the first time that a reaction between hydrogen and alkenes--hydrocarbons containing a carbon double bond--produces cyclopropanes rather than the much simpler alkanes.

After extensive testing, the team found that the proposed energy carrier can capture electrons from hydrogen and store them for over three months in a solid state at room temperature.

In future work, Ogo and colleagues plan to focus on developing a similar energy carrier using iron-group elements, which are cheaper and more abundant than iridium. By promoting industry-academia collaborations, their next efforts will aim to develop scalable solutions for practical problems surrounding upcoming hydrogen economies.

"We sincerely believe that the present achievement will contribute to the realization of a carbon-neutral society," concludes Ogo.


																																																					
																				
																						More information:
												Seiji Ogo et al, Cyclopropanation Using Electrons Derived from Hydrogen: Reaction of Alkenes and Hydrogen without Hydrogenation, JACS Au (2024). DOI: 10.1021/jacsau.4c00098
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                Based on a small amount of basic information about a crystal's structure, the Oldenburg researchers' program calculates the properties of complex new materials. Credit: University of Oldenburg / EST group
            
        

    


Computer-based methods are becoming an increasingly powerful tool in the search for new materials for key technologies such as photovoltaics, batteries, and data transmission. Prof. Dr. Caterina Cocchi and Holger-Dietrich Sassnick from the University of Oldenburg in Germany have now developed a high-throughput automatized method to calculate the surface properties of crystalline materials starting directly at the level of established laws of physics (first principles).



										      
         
        
        
        

      

																																	
In an article published in the journal npj Computational Materials, they report that this can speed up the search for relevant materials for applications in key areas such as the energy sector. They also plan to combine the method with artificial intelligence and machine learning techniques to accelerate the process further.

So far, similar methods have focused on bulk materials rather than surfaces, the two physicists explain. "All the relevant processes for energy conversion, production, and storage occur on surfaces," says Cocchi, who heads the Theoretical Solid State Physics research group at the University of Oldenburg.

However, calculating the material properties of surfaces is far more challenging than for complete crystals because the surface facets often have a complex structure due to factors such as defects in the crystal structure or the uneven growth of a crystal, she explains.

This complexity poses problems for researchers in the field of materials science: "It is often not possible to clearly determine the properties of samples in experiments," says Cocchi. This motivated Cocchi and her colleague Sassnick to develop an automated procedure for high-quality screening of the characteristics of new compounds.


																																						
    
     




																																			Reliable results

The result of their work was incorporated into the aim2dat computer program, which only requires the chemical composition of a compound as input. The information about the crystal's structure is extracted from existing databases. The software then calculates the conditions under which the surface of the material is chemically stable.

In the second step, it determines key properties, in particular, the energy required to excite electrons into conduction states or detach themselves from a surface. This parameter plays an important role in materials that convert solar energy into electricity, for example. "We don't make any assumptions in our calculations; we use only the fundamental equations of quantum mechanics, which is why our results are very reliable," Cocchi explains.

The two scientists demonstrated the applicability of the method using the semiconductor cesium telluride. The crystals of this material, which are used as an electron source in particle accelerators, can occur in four different forms. "The composition and quality of the material samples are difficult to control in experiments," notes Sassnick. Nevertheless, the Oldenburg researchers were able to perform a detailed analysis of the physical properties of the different configurations of the cesium telluride crystals.

Cocchi and Sassnick have embedded the software in a publicly accessible program library so that other researchers can also use and improve the procedure. "Our method has great potential as a tool for discovering new materials--and in particular physically and structurally complex solids--for all kinds of applications in the energy sector," says Cocchi.
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												Holger-Dietrich Sassnick et al, Automated analysis of surface facets: the example of cesium telluride, npj Computational Materials (2024). DOI: 10.1038/s41524-024-01224-7
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Bifunctional catalyst enables high-performance batteries for sustainable energy storage

										

    
        
            [image: Efficient bifunctional catalyst enables high-performance zinc-nitrate / ethanol batteries for sustainable energy storage]
             
                (a) Schematic illustration for the working principle of assembled Zn-nitrate/ethanol batteries. (b) SEM and (c) Low-dose HAADF-STEM images of as-synthesized RhCu M-tpp. (d, e) FFT patterns corresponding to the regions marked by the (d) blue and (e) red dash squares in (c). Credit: Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2311149120
            
        

    


Zinc-nitrate batteries are a primary non-rechargeable energy storage system that utilizes the redox potential difference between zinc and nitrate ions to store and release electrical energy. A research team co-led by chemists from City University of Hong Kong (CityU) have developed a high-performance rechargeable zinc-nitrate/ethanol battery by introducing an innovative catalyst.



										      
         
        
        
        

      

																																	
They successfully designed and synthesized an efficient tetraphenylporphyrin (tpp) modified heterophase rhodium-copper alloy metallene (RhCu M-tpp). This bifunctional catalyst exhibits remarkable capabilities in both the electrocatalytic nitrate reduction reaction (NO3RR) and ethanol oxidation reaction (EOR) in a neutral medium, overcoming the monofunctional limitations of traditional metal-based solid catalysts and providing a valuable reference for the design of sustainable energy storage in the future.

"This study highlights the significance of molecule-metal relay catalysis to efficient NH3 electrosynthesis in NO3RR and offers a multifunctional battery prototype that shows the benefits of metal-based hybrid electrochemical systems on high-performance, sustainable energy storage and conversion," said Professor Fan Zhanxi, Assistant Professor in the Department of Chemistry at CityU, who led the study, highlighting the significance of the findings.

Elaborating on the uniqueness of the findings, Prof Fan explained that the as-obtained RhCu M-tpp overcomes the challenge of traditional Cu-based catalysts requiring quite negative potential to efficiently convert nitrate to ammonia when conducting NO3RR in a neutral medium. Moreover, based on the superior bifunctionality of as-prepared RhCu M-tpp for both NO3RR and EOR, a rechargeable Zn-nitrate/ethanol battery was successfully constructed to address the poor rechargeability of traditional zinc-nitrate galvanic cells.


																																						
    
     




																																			Additionally, a molecule-metal relay catalysis mechanism was unraveled in this work, whereby nitrate is firstly reduced to nitrite on tpp, and then the as-generated nitrite is converted into ammonia on metallic sites. This verified the feasibility of molecular surface modification for improving the electrochemical performance of nanometals for NO3RR.

The paper is published in the journal Proceedings of the National Academy of Sciences.
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                (a) Galvanostatic discharge profiles of Zn-nitrate/ethanol batteries with RhCu M-tpp cathodes from OCV to 0.005 V (vs. Zn2+/Zn). Inset: a digital photograph showing the constructed battery device, along with the measurement of OCV. (b) Long-term cycling stability test of as-assembled Zn-nitrate/ethanol and Zn--nitrate batteries. (c) The 1H NMR spectra of the utilized electrolytes at the pristine, discharged and charged states. (d) Digital photograph of a commercial digital clock powered by the constructed Zn-nitrate/ethanol battery. Credit: Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2311149120
            
        

    



The activity of cathode catalysts is crucial for the performance of zinc-nitrate batteries. However, currently, used copper-based catalysts have limitations. They require highly negative applied potential and have weak proton adsorption, resulting in low current density and ammonia yield. Additionally, these catalysts are not suitable for electrocatalytic oxygen evolution reaction (OER), leading to non-rechargeable batteries and poor cycling life.

To address these issues, the research team developed ultrathin bimetallic RhCu metallenes to reduce the energy barrier for copper. After many attempts, they discovered that modifying the surface of RhCu metallenes with a small molecule, called tpp, significantly improved the efficiency of nitrate conversion to ammonia without compromising the performance of metallic substrates in ethanol oxidation. This breakthrough can thus enhance the overall performance of zinc-nitrate batteries.

The research findings offer an effective solution for constructing high-performance, zinc-based hybrid energy systems and provide valuable insights for future catalyst design of multifunctional and environmentally friendly devices.



																																																					
																				
																						More information:
												Jingwen Zhou et al, Constructing molecule-metal relay catalysis over heterophase metallene for high-performance rechargeable zinc-nitrate/ethanol batteries, Proceedings of the National Academy of Sciences (2023). DOI: 10.1073/pnas.2311149120
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                a) Schematic of in situ heater/measurement device with b) photo of its electrically insulated exterior, c) inner heat shield, and d) insulated electrical wires connecting the sample to the electrical testing equipment. The structure of the heater stick, consisting of screen-printed gold contacts, back side Pt-heater lines, and a front side Au-Pt thermocouple on an alumina substrate, is a simplified setup of the direct thermoelectric gas sensor. Credit: Advanced Materials (2024). DOI: 10.1002/adma.202309253
            
        

    


The radiation detectors used today for applications like inspecting cargo ships for smuggled nuclear materials are expensive and cannot operate in harsh environments, among other disadvantages. Now, MIT engineers have demonstrated a fundamentally new way to detect radiation that could allow much cheaper detectors and a plethora of new applications.



										      
         
        
        
        

      

																																	
They are working with Radiation Monitoring Devices, a company in Watertown, MA, to transfer the research as quickly as possible into detector products.

In a 2022 paper in Nature Materials, many of the same engineers reported for the first time how ultraviolet light can significantly improve the performance of fuel cells and other devices based on the movement of charged atoms, rather than those atoms' constituent electrons.

In the current work, just published online in Advanced Materials, the team shows that the same concept can be extended to a new application: the detection of gamma rays emitted by the radioactive decay of nuclear materials.

"Our approach involves materials and mechanisms very different than those in presently used detectors, with potentially enormous benefits in terms of reduced cost, ability to operate under harsh conditions, and simplified processing," says Harry L. Tuller, the R.P. Simmons Professor of Ceramics and Electronic Materials in MIT's Department of Materials Science and Engineering (DMSE).

Tuller leads the work with key collaborators Jennifer L. M. Rupp, an MIT Associate Professor of Materials Science and Engineering and now a Full Professor of Electrochemical Materials at Technical University Munich (TUM) in Germany, and Ju Li, Battelle Energy Alliance Professor in Nuclear Engineering and a Professor of Materials Science and Engineering. All are also affiliated with MIT's Materials Research Laboratory

"After learning the Nature Materials work, I realized the same underlying principle should work for gamma-ray detection--in fact, may work even better than [UV] light because gamma rays are more penetrating--and proposed some experiments to Harry and Jennifer," says Li.

Rupp says, "Employing shorter-range gamma rays enable [us] to extend the opto-ionic to a radio-ionic effect by modulating ionic carriers and defects at material interfaces by photogenerated electronic ones."

Other authors of the Advanced Materials paper are Thomas Defferriere, first author and a DMSE postdoctoral associate, and Ahmed Sami Helal, a postdoctoral associate in MIT's Department of Nuclear Science and Engineering.


																																						
    
     




																																			Modifying barriers

Charge can be carried through a material in different ways. We are most familiar with the charge that is carried by the electrons that help make up an atom. Common applications include solar cells. But there are many devices--like fuel cells and lithium batteries--that depend on the motion of the charged atoms, or ions, themselves rather than just their electrons.

The materials behind applications based on the movement of ions, known as solid electrolytes, are ceramics. Ceramics, in turn, are composed of tiny crystallite grains that are compacted and fired at high temperatures to form a dense structure. The problem is that ions traveling through the material are often stymied at the boundaries between the grains.

In their 2022 paper, the MIT team showed that ultraviolet light shone on a solid electrolyte essentially causes electronic perturbations at the grain boundaries that ultimately lower the barrier that ions encounter at those boundaries. The result: "We were able to enhance the flow of the ions by a factor of three," says Tuller, making for a much more efficient system.

Vast potential

At the time, the team was excited about the potential of applying what they'd found to different systems. In the 2022 work, the team used ultraviolet light, which is quickly absorbed very near the surface of a material. As a result, that specific technique is only effective in thin films of materials. (Fortunately, many applications of solid electrolytes involve thin films.)
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                An MIT team has discovered a fundamentally new way to detect radiation involving cheap ceramics. L-R are Professor Jennifer Rupp, Postdoctoral Associate Thomas Defferriere, Professor Harry Tuller and Professor Ju Li. Credit: Matias Andres Wegner Tornel, Technical University of Munich
            
        

    



Light can be thought of as particles--photons--with different wavelengths and energies. These range from very low-energy radio waves to the very high-energy gamma rays emitted by the radioactive decay of nuclear materials. Visible light--and ultraviolet light--are of intermediate energies, and fit between the two extremes.


																																			The MIT technique reported in 2022 worked with ultraviolet light. Would it work with other wavelengths of light, potentially opening up new applications? Yes, the team found.

In the current paper they show that gamma rays also modify the grain boundaries resulting in a faster flow of ions that, in turn, can be easily detected. And because the high-energy gamma rays penetrate much more deeply than ultraviolet light, "this extends the work to inexpensive bulk ceramics in addition to thin films," says Tuller. It also allows a new application: an alternative approach to detecting nuclear materials.

Today's state-of-the-art radiation detectors depend on a completely different mechanism than the one identified in the MIT work. They rely on signals derived from electrons and their counterparts, holes, rather than ions.

But these electronic charge carriers must move comparatively great distances to the electrodes that "capture" them to create a signal. And along the way, they can be easily lost as they, for example, hit imperfections in a material. That's why today's detectors are made with extremely pure single crystals of material that allow an unimpeded path. They can be made with only certain materials and are difficult to process, making them expensive and hard to scale into large devices.


																																						
    
     




																																			Using imperfections

In contrast, the new technique works because of the imperfections--grains--in the material. "The difference is that we rely on ionic currents being modulated at grain boundaries versus the state-of-the-art that relies on collecting electronic carriers from long distances," Defferriere says.

Rupp said, "It is remarkable that the bulk 'grains' of the ceramic materials tested revealed high stabilities of the chemistry and structure towards gamma rays, and solely the grain boundary regions reacted in charge redistribution of majority and minority carriers and defects."

Li added, "This radiation-ionic effect is distinct from the conventional mechanisms for radiation detection where electrons or photons are collected. Here, the ionic current is being collected."

Igor Lubomirsky is a professor in the Department of Materials and Interfaces at the Weizmann Institute of Science, Israel. Lubomirsky, who was not involved in the current work, said, "I found the approach followed by the MIT group in utilizing polycrystalline oxygen ion conductors very fruitful given the [materials'] promise for providing reliable operation under irradiation under the harsh conditions expected in nuclear reactors where such detectors often suffer from fatigue and aging. [They also] benefit from much-reduced fabrication costs."

As a result, the MIT engineers are hopeful that their work could result in new, less expensive detectors. For example, they envision trucks loaded with cargo from container ships driving through a structure that has detectors on both sides as they leave a port.


																																			"Ideally you'd have either an array of detectors or a very large detector, and that's where [today's detectors] really don't scale very well," Tuller says.

Another potential application involves accessing geothermal energy, or the extreme heat below our feet that is being explored as a carbon-free alternative to fossil fuels. Ceramic sensors at the ends of drill bits could detect pockets of heat--radiation--to drill toward. Ceramics can easily withstand extreme temperatures of more than 800 degrees Fahrenheit and the extreme pressures found deep below the Earth's surface.

The team is excited about additional applications for their work. "This was a demonstration of principle with just one material," says Tuller, "but there are thousands of other materials good at conducting ions."

Defferriere concludes, "It's the start of a journey on the development of the technology, so there's a lot to do and a lot to discover."



																																																					
																				
																						More information:
												Thomas Defferriere et al, Ionic Conduction-Based Polycrystalline Oxide Gamma Ray Detection - Radiation-Ionic Effects, Advanced Materials (2024). DOI: 10.1002/adma.202309253
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A breakthrough in sustainable molecular transformations has been achieved by researchers at the University of Helsinki. Led by Professor Pedro Camargo, the team has developed an important way to harness the power of visible light to drive chemical processes with greater efficiencies, offering a greener alternative to traditional methods.



										      
         
        
        
        

      

																																	
Their findings, published in the journal ACS Applied Materials and Interfaces, could revolutionize how we produce essential chemicals and fuels.

Overcoming cost and efficiency barriers

Traditional plasmonic photocatalysis has long been hindered by the high cost and scalability issues associated with materials like silver (Ag) and gold (Au). However, Professor Pedro Camargo and his team have overcome these barriers by focusing on materials that are readily available on Earth in significant quantities.

These materials are important because they can be used in various applications without worrying about scarcity or depletion. Specifically, the team focused on HxMoO3 as a plasmonic photocatalyst, which was combined with palladium (Pd), an important catalyst widely employed in various industries. Their approach involves a solventless mechanochemical synthesis technique, offering both cost-effectiveness and environmental sustainability.

The power of light

The researchers delved into the intricate interplay of optical excitations and discovered that, by shining specific wavelengths of visible light on their catalyst, they could significantly boost its performance. Most remarkably, using two wavelengths of light at the same time resulted in an 110% increase in reaction efficiency. This enhanced efficiency is attributed to the optimized generation of energetic electrons at the catalytic sites, a crucial step forward in sustainable catalysis.

They identified the synergistic effects of HxMoO3 band gap excitation, Pd interband transitions, and HxMoO3 localized surface plasmon resonance (LSPR) excitation, leading to remarkable enhancements in catalytic performance.

A greener future for chemical industries

"Our work offers a major step forward in making chemical processes more sustainable," says Professor Camargo. "By using light as an energy source, we could potentially revolutionize how vital chemicals are produced, reducing the need for fossil fuels and harsh conditions in current industrial processes."

This research has immense potential for applications ranging from cleaner fuel production to manufacturing essential materials with less environmental impact.

The implications of this research extend far beyond the laboratory, offering hope for a greener, more sustainable future as society strives to combat climate change and transition towards renewable energy sources.



																																																					
																				
																						More information:
												Leticia S. Bezerra et al, Triple Play of Band Gap, Interband, and Plasmonic Excitations for Enhanced Catalytic Activity in Pd/HxMoO3 Nanoparticles in the Visible Region, ACS Applied Materials & Interfaces (2024). DOI: 10.1021/acsami.3c17101
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                Only a simple finger prick is needed to provide a sample, which can be mailed to a lab for white blood cell counts and other measurements. "This technology is likely to have additional applications in infectious disease such as detecting levels of virus and parasites in the blood and more generally in detecting markers of health and wellness," says Charlie Mace. Credit: Charlie Mace
            
        

    


When you need to measure white blood cell counts, it usually involves trips to clinics and expensive equipment for analysis. Likewise, checking water quality for contaminants can be a lengthy process.



										      
         
        
        
        

      

																																	
But now Tufts researchers are coming up with ways to do some of these tests that greatly lowers cost and makes them more widely available. They are using something ubiquitous: paper. Their innovative paper-based tests for monitoring personal health and environmental safety eliminate the need for expensive laboratory equipment, and can be conducted by anyone, anywhere.

Known as paper analytical devices, they can be manufactured cheaply, stored for long periods of time, distributed for use in remote areas, and used to collect critical information when and where it is needed the most. They also each represent a technology platform that can be extended to measure other markers for health and the environment.

Take one of the most vital measurements in health care: the blood cell count. Measuring white blood cells alone gives clues to everything from infections to autoimmune disease to cancer. Although sample collection--a blood draw--seems simple, it requires a visit to a clinic and access to centralized clinical laboratories for analysis. Large populations of people--those who are homebound or live in remote locations--do not have that access.


																																						
    
     




																																			Charlie Mace, associate professor of chemistry, thought of a way to help. He and his team created a paper device called a patterned dried blood spot card, in which the paper is engineered with channels and collection zones that measure out defined volumes of blood and allow it to dry in place for later analysis. The research is published in the journal Analytical Chemistry.

All users need to do is collect blood at home with a finger prick and mail the sample to a lab, which measures the amount of DNA that is unique to the white blood cells, and indicates the number of cells present.

"Methods to collect blood on paper cards already exist, but they have suffered from inaccuracy because both the material and the user introduce variations that affect the measured volume of blood," said Mace. "The patterned cards solve that problem, and the way we measure counts--with instruments that quantify DNA rather than whole cells--means we don't depend on the cells arriving intact."

Through local collaborations, Mace's work on this and other paper analytical devices has reached South Africa, Ghana, and other African countries, as well as South America. "People in remote and low-income regions tend to have reduced access to health care, which makes it all the more important to come up with cheaper and easier ways for them to monitor indicators of health," said Mace.


																																			"This technology is likely to have additional applications in infectious disease such as detecting levels of virus and parasites in the blood and more generally in detecting markers of health and wellness."
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                Upon contact with sweat, the lactate-responsive dots change color from yellow to dark red as a sign of lactate concentration, while the nonreactive reference circles in each corner provide markers to correct for lighting artifacts when the color intensities are measured using a phone camera. Credit: Courtesy of Silklab
            
        

    



A sweaty indicator of health

Fiorenzo Omenetto, Frank C. Doble Professor of Engineering, and his team at the Tufts University Silklab created a paper analytical device that can measure lactate, also known as lactic acid, in sweat. A paper on this innovation was published in Advanced Sensor Research.

Lactate measurements can indicate oxygen deficiency and be used as a predictor of mortality in trauma patients. For athletes or workers in physically stressful conditions, lactate provides a quantitative measure of muscle fatigue, as well as fitness and conditioning levels.

Omenetto used bioreactive inks derived from silk fibroin--the building block of silk fibers--combined with enzymes that process lactate to trigger a color change when it is present.

The inks are printed on small circular paper tabs, which are stuck to skin using a common transparent film used for wound dressing. The color of the tabs shifts from yellow to dark red depending on the concentration of lactate in the sweat. Those color shifts are measured using a smartphone camera and have accuracy comparable to results using expensive laboratory equipment.

"The silk fibroin has a remarkable ability to stabilize the enzymes in the ink, so the patches have a very long shelf life--over two years under refrigeration so far," said Elisabetta Ruggeri, EG25, who led the development of the paper devices. "The method can be expanded to make inks that measure other elements in sweat--to get a more complete profile of the person's health and performance with a panel of paper tabs. It's like wearing a laboratory on your skin."


																																						
    
     




																																			Gold standard for water testing

Throughout the world, poor water quality and waterborne diseases are serious problems and affect millions of people. Now Sameer Sonkusale, professor of electrical and computer engineering, and the Tufts University Nano Lab have developed a novel paper analytical device that can detect and measure bacterial contamination in water. This research was published in ACS Sensors.
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                A paper card with multiple sample channels can detect bacterial contamination in water supplies using a color change detection app on a smartphone. Credit: Sameer Sonkusale
            
        

    



The method uses gold nanoparticles attached to an antibiotic called polymyxin that binds to gram negative bacteria--the usual suspects in water contamination. When bacteria are present, they bind to and aggregate the gold particles in the device. As the gold particles collect, they begin to change their color from a reddish-pink to blue. A smartphone camera and an off-the-shelf app called ColorAssist allow measurement of the color shift and can quantify the level of bacteria in the sample.

In fact, in the same paper analytical device, the researchers created another collection zone that quantifies the presence of nitrite, another dangerous contaminant in water. Printing and melting in a wax pattern creates testing zones and channels on the paper device. In this way, one device could be designed to test for a large number of different contaminants in a water sample.


																																			The use of gold nanoparticles, rather than enzymes or antibodies, ensures that the paper tests are stable and can be stored for extended periods without refrigeration. Despite consisting basically of a piece of paper and a smartphone, the tests are comparable in accuracy to commercial and laboratory assays.

There are many advantages to these inexpensive, easy-to-use water quality paper devices, especially for monitoring water in remote areas of the world where sanitation infrastructure is lacking.

The paper devices can also monitor water used to wash produce and alert users to any potentially harmful food-borne pathogens. For the military, access to clean water is fundamental to operations, and a simple, light, inexpensive paper-based test for water quality could be a vital asset.

Sonkusale's paper device has health applications beyond testing water quality, too. "Detection of urinary tract infections is unfortunately a very common problem, particularly among women and the elderly," he said. "We can put an easy-to-use paper-based test in the hands of every susceptible patient, and with early detection save many lives since infection can often progress to sepsis if not caught in time."



																																																					
																				
																						More information:
												Allison J. Tierney et al, Hematocrit-Independent Sampling Enables White Blood Cell Counts from Patterned Dried Blood Spot Cards, Analytical Chemistry (2024). DOI: 10.1021/acs.analchem.3c04439

Elisabetta Ruggeri et al, Paper-Based Wearable Patches for Real-Time, Quantitative Lactate Monitoring, Advanced Sensor Research (2023). DOI: 10.1002/adsr.202300141

Kawin Khachornsakkul et al, Gold Nanomaterial-Based Microfluidic Paper Analytical Device for Simultaneous Quantification of Gram-Negative Bacteria and Nitrite Ions in Water Samples, ACS Sensors (2023). DOI: 10.1021/acssensors.3c01769
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      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        Venomous snakes could start migrating in large numbers if we hit 5oC warming, predict scientists
        A global group of scientists has predicted that climate change may cause dramatic movements in venomous snake populations across many countries in Africa. The scientists took into account climate change predictions about changes to the current habitats of 209 venomous snakes, and mapped where those environments were found elsewhere. Based on this, they predict that snakes were likely to migrate to those African countries whose environments remained suitable for snakes after 2070. This could modif...

      

      
        Researchers discover key gene for toxic alkaloid in barley
        All plants mediate their environmental interactions via chemical signals. An example is the alkaloid gramine produced by barley, one of the world's most widely-grown cereals. Gramine provides protection against herbivorous insects and grazing animals and inhibits the growth of other plants. Despite long-standing interest, the key gene for the formation of gramine remained elusive.

      

      
        Study finds wild nematode worms learn to avoid harmful bacteria--and their offspring inherit this knowledge
        The nematode worm C. elegans will stay away from dangerous bacteria in its environment when exposed to certain bacterial RNAs--and can transmit that learned behavior to future generations. A team led by Coleen Murphy at Princeton University report these findings in a new study, published in the journal PLOS Genetics.

      

      
        Memories of mitosis: Molecular mechanism that detects defects during cell division could aid cancer treatment
        Every day, our cells are hard at work multiplying. Cell division is a precise process, but sometimes this process is impaired and diseases like cancer occur. Mitosis is one of the most important phases in the cell cycle. During this phase, a cell's DNA is split into two equal sets of chromosomes and it divides into two genetically identical daughter cells.

      

      
        Tuberculosis vaccine may enable elimination of the disease in cattle by reducing its spread
        Vaccination not only reduces the severity of TB in infected cattle, but reduces its spread in dairy herds by 89%, research finds. The research, led by the University of Cambridge and Penn State University, improves prospects for the elimination and control of bovine tuberculosis (TB), an infectious disease of cattle that results in large economic costs and health impacts across the world. The study is published in the journal Science.

      

      
        Less affluent countries found to be more prone to damage caused by biological invasions despite lower trade volume
        Non-native species introduced mainly via increasing trade of goods and services have huge economic, health, and environmental costs. These "biological invasions" involve the intentional or unintentional transport and release of species beyond their native biogeographical ranges, facilitating their potential spread.

      

      
        New 'destructive fishing' definition to kickstart fresh era in fishing policy
        Many policies and international frameworks--including the UN Sustainable Development Goals--recognize the need to end destructive fishing practices to conserve marine resources, protect the ocean and ensure peace and prosperity for people and the planet.

      

      
        Veterinarians diagnose rare autoimmune disease, put dog on road to recovery
        Having two autoimmune diseases is unusual for a dog, but having three is exceptionally rare.

      

      
        Marine protected areas safeguard more than ecology--they bring economic benefits to fisheries and tourism
        Marine Protected Areas (MPAs) have been used as a conservation measure for decades, but critics continue to argue that evidence of their economic benefits is weak, particularly with regard to fisheries.

      

      
        When inequality is more than 'skin-deep': Social status leaves traces in the epigenome of spotted hyenas in Tanzania
        In mammals, social behavior and social status can substantially influence the survival, reproductive performance, and health of individuals. However, it is not yet fully understood how the translation of social and environmental factors into the physiology of an organism is reflected in molecular processes.

      

      
        To manage chronic wasting disease, some animals die so more can live
        Things are moving quickly, and they need to. On March 13, the Government of British Columbia announced that it would be harvesting 25 deer in the Kootenays. This announcement came six weeks after chronic wasting disease (CWD)--a 100% fatal disease of cervids (deer, elk, moose, caribou)--was first detected in the province.

      

      
        Cross-species insights: Study finds calcium link in plant and animal immunity
        A new study provides insights into how a family of immune proteins in plants confers disease resistance. The study builds on previous research by the same research group, which highlighted the structural similarities of this protein family between plant and animal immune systems.
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A global group of scientists has predicted that climate change may cause dramatic movements in venomous snake populations across many countries in Africa. The scientists took into account climate change predictions about changes to the current habitats of 209 venomous snakes, and mapped where those environments were found elsewhere. Based on this, they predict that snakes were likely to migrate to those African countries whose environments remained suitable for snakes after 2070. This could modify the dynamics of snakebites across Africa.




										      
         
        
        
        

      

																																	
Macroecology professor Pablo Ariel Martinez, one of the authors of the study, says the international community must take steps now to prevent this from happening.

Which snakes did you study?

Of the 209 venomous snakes we mapped, 43 species were from the African continent. The World Health Organization classifies venomous snake species into type I (high risk and likely to cause disability or death) and type II (low risk) according to their public health risk.

In our study, 30 of the African snakes were type I--extremely venomous--and 13 were type II.

Some of the type I snakes whose distribution patterns we predict will change include the carpet viper, black mamba, spitting cobra, and Gaboon viper (one of the largest viper species globally, known for emitting a lethal dose of venom when it bites).

How did you conduct your research?

This was an interdisciplinary study involving researchers associated with public health and ecologists from Brazil, Costa Rica, Spain and Germany. Much of the team consisted of a group of young researchers who are currently pursuing their master's degrees in the Graduate Program in Ecology and Conservation at the Federal University of Sergipe in Brazil.

We used mathematical models (predictive modeling) to predict where optimal climatic conditions might exist for different snake species to inhabit by 2070.

By knowing the places that snakes could potentially inhabit in the future, we were able to calculate which snakes would start spreading out across a bigger area than their current habitat. This allowed us to assess which species would have the chance to cross geographical borders and inhabit countries where they did not previously exist.

Most snake species--especially those associated with tropical forests--will decrease in number as the climate becomes unfavorable for them. A few species, however, will expand the area in which they live because a favorable climate will exist in other locations, and they will find it.


																																						
    
     




																																			Why is it a problem if snakes move across borders?

Climate change is affecting the distribution of all species on the planet. Some are decreasing to the point of extinction, while others may shift or even expand their distribution areas. The loss of snakes in one country has negative consequences for people. For example, snakes play a crucial role in controlling other organisms, such as rodents, which can cause various diseases. If snakes die out or if their population reduces, there could be disease outbreaks.

Snake venom is economically valuable too. The venom of snakes is used in making many medications for cancer, neurological diseases, treating high blood pressure, and heart problems. So the loss of snakes would mean the loss of products with high pharmacological value for countries.

The expansion of distribution areas for some venomous snake species can lead to public health problems, though. Often, the only cure for a snakebite is specific antivenom for that species. As a consequence of climate change, some species may cross political barriers, leading to snakebite incidents in countries they did not previously inhabit and where specific antivenom is not readily available.


																																			What did you discover will happen after 2070?

It is estimated that annually between 81,000 and 138,000 people die and around 400,000 are left with permanent disabilities as a result of snakebites. This occurs mainly in east Asia, sub-Saharan Africa, and the neotropical region.

If greenhouse gas emissions continue to increase over time, it is expected that the global average temperature will rise by an average of 5oC, leading to changes in the distributions of some species.

It is anticipated that countries like Uganda, Cameroon, Guinea, Sierra Leone, Nigeria and Somalia will have extensive rural areas dedicated to agriculture and livestock farming by 2070. This is based on information about the future of large of rural or agricultural areas sourced from a global land use database. These same countries will present the right climate conditions to harbor a large number of snake species in the future.

This situation is concerning because snakebites predominantly affect farmers and young rural workers in low-income countries. Bites by venomous snakes kill significant numbers of the livestock owned by smallholder farmers too. Snakebite therefore has economic consequences and can worsen food crises for families and communities in the poorest rural areas.

We also identified some African countries, such as Niger and Namibia, that are likely to receive four to five new snake species from neighboring countries because of the predicted migration. Their public health care systems will need to cope with new types of snakebite poisoning cases.

What can we do to prevent this scenario?

Climate change is mainly driven by human activities. Pollution by high-income countries in the northern hemisphere has been the main contributor to climate change. But its impacts are felt globally, especially in regions of high biodiversity like Africa.

Many high-income countries also benefit from Africa's vast biodiversity, using its natural resources for medicine, food, scientific research and tourism. Therefore, global measures to strengthen science, research and conservation policies are needed.

Investment in infrastructure in Africa to foster scientific research and effectively address the challenges of climate change is needed.



																																																					
																					
																					
                              																					 
												  

This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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Researchers discover key gene for toxic alkaloid in barley

										 by 										 Leibniz Institute of Plant Genetics and Crop Plant Research									
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All plants mediate their environmental interactions via chemical signals. An example is the alkaloid gramine produced by barley, one of the world's most widely-grown cereals. Gramine provides protection against herbivorous insects and grazing animals and inhibits the growth of other plants. Despite long-standing interest, the key gene for the formation of gramine remained elusive.



										      
         
        
        
        

      

																																	
The researchers discovered a cluster of two genes in barley for gramine biosynthesis. The first gene (HvNMT) had already been discovered 18 years ago. In their study, the researchers from IPK and the Leibniz University Hannover now identified a second gene (AMI synthase, HvAMIS), and found out that both genes are located in proximity of each other on the same chromosome. With this discovery, the pathway of gramine biosynthesis is now fully elucidated. The findings are published in the journal Science.

"We discovered that AMIS is an oxidase enzyme that carries out an unusual cryptic oxidative rearrangement of tryptophan, allowing us to revise the previous biosynthetic proposal from the 1960s," says Dr. John D'Auria, head of IPK's research group Metabolic Diversity.

Prof. Dr. Jakob Franke, head of the group Biochemistry of Plant Specialized Metabolites at Leibniz University Hannover, adds, "We were very surprised by the so far unknown enzyme mechanism by which gramine is formed. At the same time, we now have the possibility to produce biologically active alkaloids with sustainable biotechnological methods."

The research team could produce gramine in yeast and model plants (Nicotiana benthamiana, Arabidopsis).


																																						
    
     




																																			"In contrast to many other protective metabolites from plants, production of gramine requires only two genes. Therefore, using our findings for practical applications is relatively straightforward," said Ling Chuang from Leibniz University Hannover, one of the first authors.

"Furthermore, genetic engineering of barley allowed us to produce gramine in a non-gramine producing barley variety, and eliminate gramine production in a gramine producing barley variety by genome editing," explains the other first author Sara Leite Dias.

"The results set the basis to produce gramine in organisms without the native ability to synthesize it for purposes such as a natural plant protection agent, or to eliminate gramine from barley and other grasses to reduce toxicity towards ruminants," says Dr. John D'Auria.

"Our findings set the ground for improving barley to increase its resistance to pests, reduce its toxicity to ruminants and contribute to sustainable weed management."



																																																					
																				
																						More information:
												Sara Leite Dias et al, Biosynthesis of the allelopathic alkaloid gramine in barley by a cryptic oxidative rearrangement, Science (2024). DOI: 10.1126/science.adk6112. www.science.org/doi/10.1126/science.adk6112
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Study finds wild nematode worms learn to avoid harmful bacteria-and their offspring inherit this knowledge
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                Pv1-induced learned avoidance causes avoidance of P. mendocina, a beneficial natural bacterial species. Credit: Murphy et al., 2024, PLOS Genetics, CC-BY 4.0 (creativecommons.org/licenses/by/4.0/)
            
        

    


The nematode worm C. elegans will stay away from dangerous bacteria in its environment when exposed to certain bacterial RNAs--and can transmit that learned behavior to future generations. A team led by Coleen Murphy at Princeton University report these findings in a new study, published in the journal PLOS Genetics.



										      
         
        
        
        

      

																					Previous experiments have shown that C. elegans can learn and remember a strain of the bacterium Pseudomonas aeruginosa that causes infections in humans. Even though that avoidance behavior is not encoded in the genes, worms can pass on that information to its progeny for four generations through a phenomenon called transgenerational inheritance.

While this phenomenon has been demonstrated under lab conditions, it was unknown whether wild worms would have a similar reaction to harmful bacteria that they encounter in their natural environment.

Murphy's team screened bacteria that live alongside C. elegans in the wild, and found that another Pseudomonas bacteria, called Pseudomonas vranovensis, also causes the worms to avoid it after exposure.

Furthermore, they identified a small RNA produced by the bacteria that activates this behavior by altering gene expression in the worm's nervous system. The researchers hypothesize that the reason the behavior ceases after a few generations is that the response also causes the worms to avoid a helpful bacterium, Pseudomonas mendocina, which is a good food source.

The new findings provide proof of principle that the transgenerational inheritance previously observed in the lab likely benefits nematodes in the wild as well. The study also adds to our understanding of how small molecules from bacteria can regulate interactions between the bacteria and their worm hosts.

The researchers propose that identifying bacterial small molecules with similar effects will allow us to further explore this new type of bacteria-host interaction and its role in worm survival.

The authors add, "Here, Sengupta and colleagues report that a pathogenic bacterial species found in C. elegans' natural environment, Pseudomonas vranovensis, induces learned avoidance behavior and four generations of transgenerational inheritance of avoidance in worms through a single small RNA.

"Worms exposed to this small RNA (Pv1) not only avoid the pathogen, but also other beneficial bacteria (Pseudomonas mendocina), suggesting ecological trade-offs for such heritable behaviors in the wild that may lead to the cessation of avoidance after several generations."


																														
																				
																						More information:
												A natural bacterial pathogen of C. elegans uses a small RNA to induce transgenerational inheritance of learned avoidance, PLoS Genetics (2024). DOI: 10.1371/journal.pgen.1011178
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                Cells can measure how long they spend in mitosis. If mitosis is prolonged due to problems during chromosome separation, the Mitotic Stopwatch Complex is formed, which may lead to cell arrest or cell death. Credit: OIST
            
        

    


Every day, our cells are hard at work multiplying. Cell division is a precise process, but sometimes this process is impaired and diseases like cancer occur. Mitosis is one of the most important phases in the cell cycle. During this phase, a cell's DNA is split into two equal sets of chromosomes and it divides into two genetically identical daughter cells.



										      
         
        
        
        

      

																																	
Prof. Franz Meitinger, head of the Cell Proliferation and Gene Editing Unit at the Okinawa Institute of Science and Technology (OIST), Dr. Hazrat Belal, a researcher at the unit, and their collaborators at the University of California, San Diego, have found a molecular mechanism that prevents multiplication of potentially dangerous cells by measuring the duration of mitosis.

They have shown in their paper published in Science, that this mechanism--the Mitotic Stopwatch Complex--gets stronger with time as cells divide, leading to the removal of abnormal cells to protect the organism.

The Mitotic Stopwatch Complex

Normally, when a cell divides, it makes exact copies of its chromosomes--thread-like structures containing DNA which carries genetic information--and each of the new daughter cells receives a perfect copy. However, sometimes one cell might get too many chromosomes and the other might not get enough, a phenomenon known as "chromosome missegregation."

Mitosis usually takes around 30 minutes to complete, but when cells have a defect, they need more time to organize the chromosomes and segregate them to the daughter cells. This delay results in what the researchers have called the Mitotic Stopwatch--a complex that forms when the cells experience unusual, prolonged mitosis.
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                The Mitotic Stopwatch Complex remains stable through successive cell cycles, triggering gene expression in both daughter and granddaughter cells. Over time, this signal accumulates and eventually leads to cell arrest or cell death. Credit: OIST
            
        

    



"This complex doesn't form during a normal mitosis, only when it takes longer. The defects in the cells are not directly recognized by the cells, but what the cells can measure is how long they spend in mitosis, and they use this information to understand how well mitosis happens," Prof. Meitinger explained. "We wanted to understand how the molecular mechanism protects the organism from cancer development."


																																						
    
     




																																			The complex starts forming 30 minutes after mitosis starts and after the cell exits the extended mitosis it becomes active in the new daughter cells. This activation triggers other factors that can either permanently arrest or kill the cells.

"You have a signal that accumulates and when mitosis is long enough it can induce immediate cell arrest or cell death, but if you have a moderately prolonged mitosis, you have partial activation of this pathway, so the cells can still go on and divide, but if the cell has a moderately prolonged mitosis once again it will arrest," Dr. Belal said.

Researchers knew there was a connection between prolonged mitosis and cell arrest but did not know how cells 'sensed' prolonged mitosis to cause cell arrest. This study clarifies how this works.

The Mitotic Stopwatch Complex consists of three proteins: p53 binding protein 1, USP28 and p53 protein itself. These proteins only interact during unusually longer mitosis (longer than 30 minutes). During this prolonged mitosis, more and more of the complex is formed. The more complex formed, the stronger the result--this could either be cell arrest or cell death, depending on the cell type.
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                During an extended mitosis PLK1 triggers the formation of a Mitotic Stopwatch Complex that stabilizes and activates the tumor suppressor p53. This complex accumulates during one or successive prolonged mitoses and ultimately causes cell arrest or cell death. Credit: Meitinger et al., 2024
            
        

    



p53 protein, known as a tumor suppressor, stops the growth of potentially damaged cells and prevents their proliferation. The scientists found that an enzyme, called PLK1 (a kinase), is responsible for triggering the formation of the complex. PLK1 is active during normal mitosis, but for unknown reasons only induces complex formation during prolonged mitosis.


																																			When the complex is formed it can stabilize and activate the tumor suppressor p53 which can then act as a transcription factor (proteins that turn genes off and on, ensuring they are correctly expressed in the right cells at the right time). This discovery provides new insights into the role of these proteins during prolonged mitosis and their role in the removal of potentially dangerous cells that can cause cancer.

"When a little bit of the complex is made which is not enough to arrest the cells, the complex stays stable even in the granddaughter cells and accumulates. The granddaughter cells can remember the moderately prolonged state of mitosis in the grandmother cells," Prof. Meitinger stated.

While every cell in our body has the potential for mitotic delay, it is less common in normal cells. A mitotic delay is more likely to happen in damaged cells, and the Mitotic Stopwatch is likely to act as a surveillance mechanism that removes these cells. In cancer cells there is often an even longer and flawed mitosis: in these cells this pathway is often inactive because it has mutated to have a flawed mitosis to drive cancer development.
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                Cancer cells (visualized with FUCCI cell cycle marker in magenta and green) that retain an active Mitotic Stopwatch are vulnerable to anti-mitotic drugs. Credit: Meitinger et al., 2024
            
        

    



Fate of cells

To monitor these cellular pathways, the researchers used live cell imaging which involved observing cells under a microscope over a three-day period. They temporarily extended the mitosis phase by introducing a mitotic inhibitor. After a few hours, the cells enter a state of prolonged mitosis, effectively 'stuck' in this phase. They then remove the inhibitor, allowing the cells to proceed with division.


																																						
    
     




																																			Over the next three days, the cells were observed to determine their fate--whether they continue to divide, arrest, or die. This method allowed the researchers to show how cells detect prolonged mitosis and subsequently initiate cell arrest or death.

Dr. Belal noted that the most challenging part of the experiment was tracking the cells, as they move a lot and sometimes go out of frame under the microscope. Each experiment required the analysis of at least 160 individual cells, and many experiments had to be conducted to determine the mechanism of the Mitotic Stopwatch and its functionality across normal and cancer cell types. Every cell had to be analyzed individually. This meticulous process allowed the scientists to fully understand how the cells respond to extended mitosis in different situations.

The scientists used a technique called CRISPR-Cas9 to turn off certain genes and then studied the effects on the p53 protein. They found that some gene mutations can stop the protein from working properly. To understand this better, they are now studying the proteins that form the Mitotic Stopwatch Complex to see how they interact under different conditions.

The identification of the Mitotic Stopwatch has potential clinical applications. Some cancers maintain an active Mitotic Stopwatch, which makes them sensitive to anti-mitotic drugs that play an important role in cancer treatment by targeting cell division. These drugs are currently in clinical use or development.

"If we could determine the activity of the mitotic stopwatch in individual cancers, we might be able to predict how these cancers respond to treatment with anti-mitotic drugs," Prof. Meitinger stated. The researchers hope that their findings will eventually aid in the treatment of certain cancers.



																																																					
																				
																						More information:
												Franz Meitinger et al, Control of cell proliferation by memories of mitosis, Science (2024). DOI: 10.1126/science.add9528. www.science.org/doi/10.1126/science.add9528
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Tuberculosis vaccine may enable elimination of the disease in cattle by reducing its spread
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                Bovine tuberculosis is an infectious disease of cattle that results in large economic costs and health impacts across the world. Credit: Jacqueline Garget
            
        

    


Vaccination not only reduces the severity of TB in infected cattle, but reduces its spread in dairy herds by 89%, research finds. The research, led by the University of Cambridge and Penn State University, improves prospects for the elimination and control of bovine tuberculosis (TB), an infectious disease of cattle that results in large economic costs and health impacts across the world. The study is published in the journal Science.




										    
																																	This is the first study to show that BCG-vaccinated cattle infected with TB are substantially less infectious to other cattle. This remarkable indirect effect of the vaccine beyond its direct protective effect has not been measured before.

The spillover of infection from livestock has been estimated to account for about 10% of human tuberculosis cases. While such zoonotic TB (zTB) infections are most commonly associated with gastrointestinal infections related to drinking contaminated milk, zTB can also cause chronic lung infections in humans. Lung disease caused by zTB can be indistinguishable from regular tuberculosis, but is more difficult to treat due to natural antibiotic resistance in the cattle bacteria.

TB remains endemic in many countries around the world, including in Europe and the Americas, where its control costs farmers and taxpayers hundreds of millions of dollars each year.
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                The new study found that vaccination not only reduces the severity of TB in infected cattle, but reduces its spread in dairy herds by almost 90%. Credit: Jacqueline Garget
            
        

    



In the study, carried out in Ethiopia, researchers examined the ability of the vaccine, Bacillus Calmette-Guerin (BCG), to directly protect cattle that receive it, as well as to indirectly protect both vaccinated and unvaccinated cattle by reducing TB transmission. Vaccinated and unvaccinated animals were put into enclosures with naturally infected animals, in a novel crossover design performed over two years.

"Our study found that BCG vaccination reduces TB transmission in cattle by almost 90%. Vaccinated cows also developed significantly fewer visible signs of TB than unvaccinated ones. This suggests that the vaccination not only reduces the progression of the disease, but that if vaccinated animals become infected, they are substantially less infectious to others," said Andrew Conlan, Associate Professor of Epidemiology at the University of Cambridge's Department of Veterinary Medicine and a corresponding author of the study.


																																						
    
     




																																			Using livestock census and movement data from Ethiopia, the team developed a transmission model to explore the potential for routine vaccination to control bovine tuberculosis.

"Results of the model suggest that vaccinating calves within the dairy sector of Ethiopia could reduce the reproduction number of the bacterium--the R0--to below 1, arresting the projected increase in the burden of disease and putting herds on a pathway towards elimination of TB," Conlan said.
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                The study showed that vaccinating dairy calves could put herds on a pathway towards elimination of TB. Credit: Jacqueline Garget
            
        

    



The team focused their studies in Ethiopia, a country with the largest cattle herd in Africa and a rapidly growing dairy sector that has a growing burden of bovine tuberculosis and no current control program, as a representative of similarly situated transitional economies.

"Bovine tuberculosis is largely uncontrolled in low- and middle-income countries, including Ethiopia," said Abebe Fromsa, associate professor of agriculture and veterinary medicine at Addis Ababa University in Ethiopia and the study's co-lead author. "Vaccination of cattle has the potential to provide significant benefits in these regions."

"For over a hundred years, programs to eliminate bovine tuberculosis have relied on intensive testing and slaughtering of infected animals," said Vivek Kapur, professor of microbiology and infectious diseases and Huck Distinguished Chair in Global Health at Penn State and a corresponding author of the study.


																																			He added, "This approach is unimplementable in many parts of the world for economic and social reasons, resulting in considerable animal suffering and economic losses from lost productivity, alongside an increased risk of spillover of infection to humans. By vaccinating cattle, we hope to be able to protect both cattle and humans from the consequences of this devastating disease."

Professor James Wood, Alborada Professor of Equine and Farm Animal Science in the University of Cambridge's Department of Veterinary Medicine, noted that despite TB being more prevalent in lower-income countries, the United Kingdom, Ireland and New Zealand also experience considerable economic pressures from the disease which continues to persist despite intensive and costly control programs.

Wood said, "For over 20 years the UK government has pinned hopes on cattle vaccination for bovine tuberculosis as a solution to reduce the disease and the consequent costs of the controls. These results provide important support for the epidemiological benefit that cattle vaccination could have to reduce rates of transmission to and within herds."


																																																					
																				
																						More information:
												Abebe Fromsa et al, BCG vaccination reduces bovine tuberculosis transmission, improving prospects for elimination, Science (2024). DOI: 10.1126/science.adl3962. www.science.org/doi/10.1126/science.adl3962
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Less affluent countries found to be more prone to damage caused by biological invasions despite lower trade volume
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Non-native species introduced mainly via increasing trade of goods and services have huge economic, health, and environmental costs. These "biological invasions" involve the intentional or unintentional transport and release of species beyond their native biogeographical ranges, facilitating their potential spread.



										      
         
        
        
        

      

																																	
Over the last few decades, invasive species have incurred an average cost of at least US$26.8 billion per year globally, and are predicted to continue increasing. Investing in early management to control their potential damage and spread is widely recognized as more cost-effective than waiting until an invasive species demonstrates clear impacts.

However, there is limited information available demonstrating whether a country's capacity to manage its invasive species is effective at limiting future damage.

A new study published in the journal Ecological Economics found that while more affluent countries with higher economic activity are vulnerable to more damage from invasive species, they also have the highest potential to limit damages incurred by investing more in management.

Consequently, a nation's economic capability partially determines the efficacy of investing in the control and prevention of invasive species.

The study, led by Professor Corey Bradshaw from Flinders University (Australia), is the first global-scale investigation of the cost-effectiveness of management and intervention of invasive species.

"Based on the data compiled in the InvaCost database, our analyzes show that the most affluent nations with sufficient economic capacity to invest in controlling their invasive species reap the biggest rewards by reducing damages in the long term," said Professor Bradshaw.


																																						
    
     




																																			"Lower-income nations often struggle to allocate enough resources to manage their invasive species, so they suffer relatively more damage as a result."

Co-author Dr. Danish Ali Ahmed from Gulf University for Science and Technology (Kuwait), said, "Our study indicates that lower-income countries possess a clear disadvantage in mitigating the substantial economic losses caused by invasive species.

"Importantly, our results show that it is prudent for wealthier nations to invest in controlling invasive species within less-capable neighboring countries, because wealthy nations are also vulnerable to more invasions originating from potentially their less-prepared neighbors."

Professor Bradshaw adds, "Such a form of international assistance serves all affected nations, and could ultimately reduce the impact of invasive species across the entire world."



																																																					
																				
																						More information:
												Corey J.A. Bradshaw et al, Damage costs from invasive species exceed management expenditure in nations experiencing lower economic activity, Ecological Economics (2024). DOI: 10.1016/j.ecolecon.2024.108166
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New 'destructive fishing' definition to kickstart fresh era in fishing policy
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Many policies and international frameworks--including the UN Sustainable Development Goals--recognize the need to end destructive fishing practices to conserve marine resources, protect the ocean and ensure peace and prosperity for people and the planet.



										      
         
        
        
        

      

																																	
However, despite its widespread use, "destructive fishing" is currently undefined and therefore immeasurable.

The vagueness of the term has rendered it a quasi-concept, undermining the ability to develop and implement effective solutions, and as the team say they cannot measure progress towards reducing destructive fishing practices without knowing what counts as "destructive fishing."

"For policy to be effective, it needs a clear target to aim at. Without a clear definition of destructive fishing, this target has been absent until now," says Dr. Joshua Brian, Department of Geography, King's College London.

The working definition, which has been described in a paper published today in Conservation Letters, provides a consensus-led draft for leaders to build upon in international policy discussions, and will meaningfully support countries to prohibit destructive fishing practices.

In addition to Dr. Brian, the project team was led by Dr. Arlie McCarthy from the University of Oldenburg. The team also included experts from Fauna & Flora International, Brunel University London, BirdLife International, University of Cambridge, and the UN Environment Programme World Conservation Monitoring Centre (UNEP-WCMC).

As part of the process, the team facilitated a consultative, expert-led process which defined destructive fishing: "Destructive fishing is any fishing practice that causes irrecoverable habitat degradation, or which causes significant adverse environmental impacts, results in long-term declines in target or non-target species beyond biologically safe limits and has negative livelihood impacts."


																																						
    
     




																																			Hannah Richardson, project lead and Technical Specialist, Destructive Fisheries at Fauna & Flora, said, "Fisheries are fundamental to global food security, but if we want to ensure the future health of fish stocks--and our ocean--we need to avoid fishing methods that are destructive to marine ecosystems and everything living in them.

"This new definition is an incredibly important step forward for the ocean and the sustainable livelihoods of fishers around the world. Without clear guidelines of what destructive fishing is, it is nearly impossible to bring in the international policy or action to address it."

To form consensus on the working definition, the Delphi technique--an anonymous, iterative process of expert consultation--was used to synthesize the opinions of a range of 80 fisheries experts representing 32 nationalities, including academics, practitioners in NGOs, and those working directly in the fishing industry and associated fields.

Dr. Nibedita Mukherjee, Senior Lecturer, Brunel University London, said, "By synthesizing expert knowledge from individuals in diverse fishing-related fields, we aimed to understand how a definition might be applied, and propose a starting definition. Developing a definition that all parties can agree on is essential if we are to find solutions and benefits for both people and nature."

Now that a starting definition has been proposed, the ambition of the project team is to work with policymakers to further develop a consensus-built definition of "destructive fishing" at international policy forums, to encourage adoption of the definition at an international and national level.


																																			The team also aims to pilot approaches to measure the prevalence and magnitude of destructive fishing, through a Monitoring Framework launched in 2023. The framework outlines the types of evidence that could be used to determine whether and how destructive fishing is taking place, providing national governments and the private sector with a crucial tool to identify and mitigate destructive fishing.

Chris McOwen, Lead Marine Scientist at UNEP-WCMC, said, "It is important that we build on the current momentum and continue to work with interested governments and industry to refine the definition, and explore how it can be tailored to meet the context and needs of countries and regions.

"Moving forward we will work to raise awareness on destructive fishing in international discussions and explore how the working definition can be broadened to consider destructive fishing in terms of societal and economic impact."
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												Arlie Hannah McCarthy et al, Destructive fishing: An expert-driven definition and exploration of this quasi-concept, Conservation Letters (2024). DOI: 10.1111/conl.13015
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                Lanie, an English silver Labrador retriever, has made a full recovery after being treated at the Texas A&M Small Animal Teaching Hospital for a rare autoimmune disease. Credit: Jason Nitsch, Texas A&M University Division of Marketing and Communications
            
        

    


Having two autoimmune diseases is unusual for a dog, but having three is exceptionally rare.



										      
         
        
        
        

      

																																	
When Lanie, an English silver Labrador retriever, began showing signs of another illness less than a year after the diagnosis of her first two autoimmune diseases, her owners acted quickly, taking her to their local, trusted emergency veterinary clinic.

The clinic used every tool at its disposal to help Lanie but ultimately determined that she needed more advanced diagnostic equipment than it could provide. The clinic recommended her owners, Anthony and Clara M. Simpson, take her to the Small Animal Teaching Hospital (SATH) at Texas A&M University.

While Lanie is now back to good health, thanks to the Internal Medicine and Soft Tissue Surgery teams at Texas A&M, the journey to diagnosing her mystery ailment took a few unexpected turns along the way.

A double diagnosis

The Simpsons' desire to bring a puppy into their family was sparked after work travel became more frequent for Anthony in 2022. After bringing Lanie home from her birthplace in Ardmore, Oklahoma, they bonded quickly with their silver pup and became a family of three.

"We can't imagine our lives without her now," Clara said. "There is nothing better than coming home to Lanie, who is always happy to see us and makes us smile, regardless of the kind of day we have had."

A month after bringing Lanie home, the couple noticed something was not quite right. Lanie was almost 3 months old, which meant she should have been an energetic puppy; instead, she was lethargic and uninterested in just about everything.

The Simpsons' pursuit of care for Lanie led them to Gulf Coast Veterinary Specialists (GCVS), a large emergency clinic in Houston. There, Lanie was diagnosed with Juvenile Cellulitis (puppy strangles)--a rare autoimmune disease that typically affects puppies up to 6 months of age--as well as Hypertrophic Osteodystrophy (HOD)--an auto-inflammatory disease of the bones.

"Dr. Rhonda Dixon, the doctor who treated Lanie at GCVS, is a Texas A&M alumna," Clara said. "She was incredible and diagnosed Lanie after just one day and said that having puppy strangles and HOD at the same time was a very rare thing. Even so, she reassured us that both issues were treatable, and we were able to bring Lanie home soon after."


																																						
    
     




																																			Out of the frying pan, into the fire

With Lanie back in good health, the family of three settled back into their daily routines. For Lanie, this included gathering the neighbors' weekly newspapers on her daily walks, letting Clara dress her in new bandanas, playing fetch and Frisbee as much as possible, taking an occasional weekend road trip, and documenting her life on her Instagram account.

"Then Sept. 9, 2023, rolled around," Anthony said. "It was a Saturday afternoon, and Lanie would barely open her mouth. She always wants to eat, so we knew something was going on."

A trip to the local emergency clinic determined Lanie hadn't eaten something she shouldn't have, but that visit ultimately left the family with more questions than answers.

"That's when the emergency veterinarian said, 'Have you thought about Texas A&M?'" Clara recalled. "She let us know that Texas A&M has veterinarians who specialize in all the different parts and pieces of veterinary medicine. And she mentioned that no matter what they find, the vets at Texas A&M can direct her to the right people within the same facility."

The following morning, the Simpsons drove from their home in Houston to College Station.

"We walked in, and it wasn't scary or chaotic; it was actually pleasantly calm," Clara said. "We were greeted with a smile, and everyone we met with that afternoon was very kind and patient. As much as it pained us to leave her, there was no doubt we were leaving her in the best hands."


																																			Solving a mystery

Lanie was initially seen by the SATH's Emergency & Critical Care Service before being referred to Dr. Jessica Herman, a resident on the Small Animal Internal Medicine service. Sunday evening, her neck and face began swelling and continued to do so throughout the week, which meant she needed a diagnosis and treatment plan sooner rather than later.

"It was up to us to try and establish the underlying cause of the swelling and fever she was experiencing," Herman said.

"The difficulty in this diagnosis lies in the location of her swelling, which was under the chin, where we have salivary glands, nerves, blood vessels, muscles, lymph nodes and more; it is a very busy area that participates in supporting and moving the head, chewing, swallowing, breathing and talking--or, in Lanie's case, barking. We had to figure out if her swelling was a tumor, an abscess, or a foreign body like a sock."

Herman's first move was to order a computerized tomography (CT) scan, which allowed her team to get an inside look at Lanie's neck and head in three dimensions. The CT helped identify where Lanie's swelling was located internally, and the team enlisted Small Animal Radiology's help to collect samples from the swollen tissues that were continuing to get bigger using an ultrasound-guided technique.


																																						
    
     




																																			"While the microscopic evaluation of these samples showed inflammation, we could not tell if the inflammation was due to a bacterial infection," Herman said. "For that, we had to loop in our awesome Soft Tissue Surgery team."

From there, surgery resident Dr. Chanel Berns performed a surgical biopsy in the pursuit of answers to Lanie's mystery illness and rapid, severe swelling.

"When I performed the surgery, it was clear that her lymph nodes were the problem," Berns said. "They were swollen to about 7 centimeters, whereas, typically, lymph nodes are less than a few centimeters."

From the biopsy, Lanie's Internal Medicine team was able to diagnose and confirm her condition with senior clinician Dr. Genna Atiee as canine sterile steroid-responsive lymphadenitis.

"When we break down the words in her diagnosis, it's easier to understand how her experience with puppy strangles led to her third autoimmune disease," Berns said. "Sterile means there's no underlying infectious disease, so no bacteria or fungus. Steroid-responsive means that all the swelling she had would clear up with proper steroid treatment. And lymphadenitis just means swelling of the lymph nodes.
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                Lanie shows off her Texas A&M bandana after returning home. Credit: Clara Mechelle
            
        

    



"So, in short, she had swelling that wasn't being caused by an ongoing infection but, rather, likely resulted from her experience with puppy strangles," Berns said. "Her body was trying to fix a problem that didn't exist and triggered a new autoimmune response."

Herman explained that sterile steroid-responsive lymphadenitis is similar, and may be related, to puppy strangles and that the two diseases often come together.

"Given her history of autoimmune diseases, it is safe to say that her immune system is not entirely normal," she said.

Lanie's veterinarians determined the best steroid treatment for her condition and began seeing a rapid reduction in her swelling after application.

"All three of the diseases Lanie has had in her lifetime are rare, but the sterile steroid-responsive lymphadenitis is very uncommon," Berns said. "Lanie's case was so dramatic because you could see from one day to the next how quickly she was either getting worse or better with her swelling.

"Thankfully, once we knew what we were treating, she had a very quick response to the treatment," she said. "We started to see results in reducing her swelling within days, and if you see her now, you'd never know she experienced an autoimmune disease, much less three."


																																			Reuniting the family

After a week at the SATH, Lanie was able to return home, where she's finishing up her treatment and enjoying the life of a happy, healthy pup again.

"Thankfully, Lanie responded beautifully to the steroids we started and is living as a happy pup," Herman said. "However, some dogs will require multiple immunosuppressants to keep their disease in check. As we taper Lanie off her steroids, we hope to see her lymph nodes remain normal, but we are taking it very slow just in case."

In the meantime, Lanie is back to enjoying her evening walks to the neighborhood park, eating all of her favorite foods--especially fresh fruit--and sharing her journey with the world.

"I don't think that there will ever be enough words to tell her Texas A&M veterinary team how grateful we are," Clara said.

"I've always heard that you should take your pets to Texas A&M and to make sure that your vet is an Aggie veterinarian. And now that we've experienced their level of care and compassion, we get it--100%. We have seen firsthand how they treat the families and the animals under their care--they understand that they're more than pets; they're family."
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Marine Protected Areas (MPAs) have been used as a conservation measure for decades, but critics continue to argue that evidence of their economic benefits is weak, particularly with regard to fisheries.




										      
         
        
        
        

      

																																	
Given the challenges in establishing MPAs, including objections from fisheries and the frequently small size and sub-optimal location of protected areas, one would expect their economic benefits to be hard to detect.

My new study reviews 81 publications about MPAs in 37 countries. It shows their establishment has resulted in benefits to commercial fisheries in 25 countries and to tourism in 24. These benefits covered a diversity of ecosystems, including coral reefs, kelp forests, mangroves, rocky reefs, salt marshes, mudflats and sandy seabed habitats.

There were 46 examples of economic benefits to fisheries adjacent to a marine protected area. These include increased fish stocks and catch volumes, higher reproduction and larval "spillover" to fisheries outside the MPA. Other studies also reported larger fish and lobsters close to existing MPAs.

Despite claims in the research literature of fishery displacement due to the establishment of an MPA, it seems the benefits outweigh any temporary disruption of fishing activities.

In my research, I have found no evidence of net costs of an MPA to fisheries anywhere, at any time.


																																						
    
     




																																			Fishery models need to account for protection benefits

Most economic models estimating the costs marine protected areas impose on fisheries don't account for the present costs of fishery management (or absence of management).

When an entire fishery is closed temporarily by fishery management, the models estimate the potential benefit from stock recovery. But they don't do that when a fraction of a fishery is closed for the long-term in an MPA.

Overall, my research shows that MPAs which ban all fishing have lower management costs and greater ecological and fishery benefits than more complex fishery regulations within a protected area. Thus, the economic models of the effects of MPAs need radical revision.

Although it may seem counterintuitive that a full restriction of fishing in an area will result in more fish elsewhere, this happens because MPAs act like a reservoir to replenish adjacent fisheries.

In financial terms, the capital is invested and people benefit from the interest on the investment. To count the establishment of an MPA as a cost to fisheries is like claiming that interest earned on money is a cost.

In some areas, fishery controls such as quota and the type of gear allowed already restrict fishing over larger areas than a MPA (especially when most MPAs still allow some fishing).

An analysis of the long-term effects of marine reserves in Sweden found they complemented fishery management measures. But when they were reopened to fisheries, even if temporarily, the benefits were promptly lost.

MPAs represent a simple, viable, low-tech and cost-effective strategy that can be used for small and large areas. As such, they have proven highly successful both for safeguarding marine biodiversity and ecosystem functioning. More pertinently, they reverse fishery declines, secure food and ecosystem services and enable the sustainable exploitation of marine resources.

MPAs shift the management of fisheries from being purely a commercial commodity to include the wider socio-economic benefits they provide to coastal communities. This includes food security, cultural activities and sustainable likelihoods. A recent review of 118 studies found that no-take, well enforced and older MPAs most benefited human well-being.


																																			MPAs can generate billions from ecotourism

In addition to economic benefits to fisheries, MPAs that are accessible to the public, and which harbor biologically diverse habitats, can generate millions to billions of dollars in tourism revenue per year.

This revenue is generated not only from entrance fees and MPA-associated businesses that may develop, but also from providing jobs and therefore improving the local economy and living standards, while contributing significantly to national GDP.

The largest benefits to fisheries and biodiversity, and lowest costs in management, come from the designation of MPAs from which no marine wildlife can be killed or removed.

This principle has been termed Ballantine's Law after the late New Zealand marine biologist Bill Ballantine, known as the "father of marine reserves".

Back in the 1970s, Ballantine championed what was then a radical idea--that MPAs should be entirely no-take, permanent areas called marine reserves. This led to the establishment of New Zealand's first marine reserve.

I have worked with Ballantine and one of our earlier studies found three-quarters of coastal countries didn't have even one marine reserve. Today, less than 3% of the global ocean is under some form of protection.


																																						
    
     




																																			Considering the proven benefits and popularity of MPAs, this is a missed opportunity for these countries' economies and public engagement with nature. Once people witness the benefits of a fully protected area they are likely to want more.

The fishing industry and fishing communities have much to gain from MPAs. But outdated misconceptions perpetuated in the scientific literature create barriers to their implementation.

A recent global analysis has prioritized where to locate MPAs to meet the pledge to fully protect at least 30% of ocean habitats by 2030. This goal is supported by the Convention on Biological Diversity, UN Convention on the Law of the Sea and the International Union for Conservation of Nature.

Fishery scientists and fishermen need to promote the placement of MPAs as a strategy to support biodiversity, including ecosystem-based management of fisheries. They should work with conservation scientists to realize the true capacity of MPAs for economic success.

Marine protected areas represent our best strategy to reverse declining biodiversity and fisheries, because business-as-usual for global fisheries is unsustainable.
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When inequality is more than 'skin-deep': Social status leaves traces in the epigenome of spotted hyenas in Tanzania

										 by 										 Leibniz Institute for Zoo and Wildlife Research (IZW)									
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                Spotted hyenas resting at the communal den in the Serengeti National Park in Tanzania (photo by Sarah Benhaiem/Leibniz-IZW). Credit: Sarah Benhaiem/Leibniz-IZW
            
        

    


In mammals, social behavior and social status can substantially influence the survival, reproductive performance, and health of individuals. However, it is not yet fully understood how the translation of social and environmental factors into the physiology of an organism is reflected in molecular processes.



										      
         
        
        
        

      

																																	
Now, scientists from the Leibniz-IZW Department of Evolutionary Genetics and the Serengeti Hyena Project at the Leibniz-IZW's Department of Ecological Dynamics found that social status influenced epigenetic patterns, more specifically, the methylation of DNA in both young and adult female spotted hyenas (Crocuta crocuta) which determines the activation of genes.

They analyzed DNA from gut epithelium cells from 18 adult female hyenas and 24 cubs with known social status from three clans in the Serengeti National Park, Tanzania. The scientists identified and validated 149 genome regions where high-ranking and low-ranking individuals differed in the methylation of DNA (differentially methylated regions, DMRs).

"We could, for the first time, provide evidence for epigenetic signatures of social inequalities in both young and adult spotted hyenas," says Dr. Alexandra Weyrich, head of the working group "Wildlife Epigenetics" in the Leibniz-IZW Department of Evolutionary Genetics and senior author of the paper.

The findings show that these epigenetic signatures are stable across life stages--and that they are linked to important physiological processes: Many of the identified DMRs were involved in the regulation of energy conversion, immune response, glutamate receptor signaling, and ion transportation. "Especially the large number of DMRs in genes involved in energy conversion caught our eye," says first author Colin Vullioud, data scientist in Weyrich's working group.


																																						
    
     




																																			Co-author Dr. Sarah Benhaiem, co-head of the Serengeti Hyena Project, explains: "We suspect that this may be driven by differences in behavior and specifically the greater use of long-distance foraging trips by low-ranking than high-ranking females--the latter monopolizing resources in their clan territory."

Interestingly, these genes were more methylated (or hypermethylated) in low-ranking adult females but not in cubs. This could indicate an adjustment of low-ranking adult females to higher energetic costs of frequent long-distance commuting, a behavior not displayed by cubs.

"Although the exact physiological consequences of the observed hypermethylation remain to be investigated, these findings are consistent with our observations and hint at the sought-after missing link between social and physiological factors," Weyrich and Benhaiem conclude.

The analyses built on the expertise in epigenetics of the Leibniz-IZW as well as on the long-term research on spotted hyenas in the Serengeti, which started in 1987. The females in this investigation are individually known, and their social status has been tracked for generations. This provided ideal conditions to study the links between behavior, physiological factors, epigenetic modifications and fitness in terms of survival and reproduction in a wild population.

"We collected our samples without invading the life of the hyenas," say Dr. Marion L. East and Professor Dr. Heribert Hofer, founders of the Serengeti hyena project and co-authors of the paper. "We followed our study animals, collected super-fresh droppings immediately after they were produced, and preserved gut epithelium samples from the surface of the feces."


																																			The use of samples collected in a non-invasive manner is one of the strengths of the investigation, the authors surmise. "The capture methylation method we used enriches methylated DNA as well as mammalian DNA, which improved the amount of hyena DNA over bacterial DNA and the quality of the sequencing data," explains Weyrich.

DNA methylation is a chemical modification of the basic building blocks of a cell's genetic material. This modification is enabled by the transfer of methyl groups to nucleobases at certain positions in the DNA.

As the basic structure of the respective nucleobase is unaltered, DNA methylation is not a genetic mutation but a modification that determines whether this part of the DNA is 'being used' (activated) or switched off. DNA methylation is the most important epigenetic modification and, thus, a pivotal part of making genetic information available to the physiological processes within a cell.

Spotted hyenas are highly social and a model for social status-related differences in life history traits that are accompanied by differences in physiological processes and health. In hyena clans, females and their offspring socially dominate all immigrant males, and social status is behaviourally "inherited" by cubs from mothers who gain privileges associated with maternal social status.

"As in some primate species, young hyenas receive social support from their mothers during interactions with group members. From there, they learn that they can dominate all individuals who are submissive to their mother, but have to submit to those to which their mother is submissive," explains East. Therefore, social status is stable and predictable because family relationships and behavioral conventions determine it.

"Additionally, the effects of social status on life history trajectories and health are typically passed across generations," adds Hofer. For example, high-ranking females have priority access to resources in the clan territory and do not need to commute as much as low-ranking females to find food.

They are, therefore, much more often present at the communal den and more frequently nurse their young. The milk-dependent cubs disproportionally benefit at this early stage in their life--by growing faster, having a higher chance of surviving to adulthood, and starting reproduction at an earlier age than the offspring of low-ranking females.

The research is published in the journal Communications Biology.
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Things are moving quickly, and they need to. On March 13, the Government of British Columbia announced that it would be harvesting 25 deer in the Kootenays. This announcement came six weeks after chronic wasting disease (CWD)--a 100% fatal disease of cervids (deer, elk, moose, caribou)--was first detected in the province.




										      
         
        
        
        

      

																																	
Unfortunately, for a disease like this, in efforts to protect many animals, some will die.

CWD is incredibly difficult to manage and nearly impossible to eradicate. Infected animals don't show symptoms for about 18 months, which means that an animal's appearance or behavior doesn't necessarily reflect whether it has CWD or not.

An infected animal continuously sheds the infectious agent--a protein called a prion--into the environment in their saliva, feces and urine, and through their bodies when they die and decompose.

These prions stay infectious for years, although researchers still don't know for how long. To make matters worse, there is no way to disinfect or burn these prions away. And so, reducing disease spread is still the best approach to minimizing impacts on cervids and the people who rely on them.


																																						
    
     




																																			Removing animals

Preventing CWD spread often involves removing animals from the environment, among other regulatory measures such as restricting the transport and disposal of road-killed cervids in affected areas. This is partly because the samples tested for CWD (tonsils, lymph nodes) cannot be collected from live animals.

Managing the spread means removing the animals most likely to be infected. The B.C. provincial government is planning to remove 20 mule deer (mostly male) and five male white-tailed deer, which have been found to be more likely to be infected in other provinces and U.S. states.

While removing infected animals decreases potential spread, even removing and testing uninfected animals can provide valuable information about who is most likely to be affected (cervid species, sex and their location) which in turn can inform management.

Even in instances where there is agreement about removing animals to mitigate CWD, how many, where, when and how they are removed is contentious.

That's because the number of animals removed depends on management goals, as well as ecological and ethical considerations. For example, determining the percentage of animals infected with CWD would require sampling many animals (in the hundreds) to ensure infected individuals are captured while prevalence is low, such as when only one percent of animals are infected.

However, large-scale removals understandably cause concern for the future of cervid populations. These approaches are also challenging to sustain, and can be ineffective in the long term when they lose community support.

Management programs might sample fewer animals in efforts to gain more information surrounding where infected animals are found. This is the case in B.C., where only 25 animals are being harvested.


																																			Planning and preparation

Deciding where to remove animals requires careful planning based on where CWD has been found, how likely it is to spread, and the cultural, ecological and economic importance of cervids for local communities. Managers focus on areas close to confirmed cases--in the case of B.C., a 10-kilometer radius--and areas where there are large or dense populations of cervids like in cities.

Given that an infected deer was found just south of Cranbrook, B.C., there is growing concern about the potential spread of CWD to the city.

According to our research, community involvement is essential for effective CWD management. Management plans can involve government removal through sharpshooting, hunter-harvest and special hunts which allow for limited harvest outside of the hunting season.

In B.C., members of Yaqit ?a*knuq?i`it (Tobacco Plains Indian Band) are leading the removal of deer, and all animals that test negative for CWD will be used by the community or donated to food banks.


																																						
    
     




																																			Sustainable management

Hunter-harvest is a critical component of sustainable CWD management. Beyond removing infected animals and providing samples for testing, local hunters, trappers, and community members bring valuable knowledge and support, helping to implement sustainable strategies that reflect communities' values and needs.

CWD management programs that prioritize listening to those most affected help to build trust and make better decisions about where to focus efforts.

In wildlife management, there will be disagreements. Management is complex and contains uncertainties: what works in one region might not work in another.

We must acknowledge these uncertainties, while recognizing the need to act quickly. The experiences of other jurisdictions in managing CWD contain valuable lessons about the potential impacts of CWD on conservation, economic stability and food security. Early action is the best chance we have to minimize the impacts of this disease on cervids, the people who rely on them and the ecosystem.
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A new study provides insights into how a family of immune proteins in plants confers disease resistance. The study builds on previous research by the same research group, which highlighted the structural similarities of this protein family between plant and animal immune systems.



										      
         
        
        
        

      

																																	
The study led by Dr. Takaki Maekawa at the University of Cologne's Institute for Plant Sciences and the CEPLAS Cluster of Excellence on Plant Sciences was published in the journal Cell Host & Microbe under the title "Cytoplasmic calcium influx mediated by plant MLKLs confers TNL-triggered immunity".

Both plants and animals face the challenge of having to protect themselves against harmful microorganisms despite their differences in physiology, habitat, and nutritional requirements.

The research group has now identified a new biochemical function of a plant protein family that is similar to so-called mixed lineage kinase domain-like proteins (MLKLs), which induce programmed cell death in animals by damaging the plasma membrane. In this latest study, the team delved deeper into the functionality of plant MLKL proteins.

Their findings suggest a crucial role for these proteins in regulating the calcium ion concentration inside the cells, which is responsible for innate immune responses, mirroring potential functions of animal MLKLs.

The authors first showed that when stress-inducing so-called nicotinamide adenine dinucleotide hydrolases (NADases)enzymes that plants use to generate signaling molecules--are activated, plant MLKL proteins labeled with green fluorescent protein (GFP) cluster into small dots at the plasma membrane in the model plants Arabidopsis thaliana and Nicotiana benthamiana.


																																						
    
     




																																			This demonstrates that the observed clustering is a general phenomenon in plants. Further investigation revealed that the EDS1-SAG101 scaffold protein complex is required for the dot formations of plant MLKL proteins when signaling molecules are produced. In addition, activated plant MLKLs are required to maintain higher cytoplasmic calcium ion levels in response to bacterial attack. It is likely that the MLKL-mediated increase in cytoplasmic calcium ion concertation further activates the downstream immune machinery.

The plant mutant without functional MLKL is shown to be highly sensitive to filamentous pathogens, such as powdery mildew, compared to bacterial pathogens. This observation suggests that MLKLs play a nuanced role in plant immunity but vary depending on the mode of pathogen infection.

In future studies, the researchers aim to discover the molecular details underlying the function of plant MLKLs that explain the varied sensitivity of mutant plants to different pathogen types. The aim of the new project is to investigate how MLKLs regulate immunity in the tissue context, both spatially and temporally, and how this activation leads to effective plant protection against pathogen attacks.

Finally, this study revealed a number of common regulatory processes for the activation of plant and animal MLKLs, while how activated animal MLKL induces plasma membrane damage remains incompletely characterized. As this study shows that activated plant MLKLs regulate calcium ion concentration, one would expect an animal MLKL function in regulating calcium ion homeostasis.
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