
        
            
                
            
        

    
    
      
        [image: masthead]
      

      Thursday, May 16, 2024

      

      
        
          	
            Nanotechnology
          
          	5
        

        
          	
            Physics
          
          	10
        

        
          	
            Space and Earth
          
          	11
        

        
          	
            Chemistry
          
          	12
        

        
          	
            Biology
          
          	25
        

        
          	
            Technology
          
          	25
        

        
          	
            Other Sciences
          
          	19
        

      

    

  
    
      
        
          	
          	
            Sections
          
          	
            Physics
          
        

      

      Nanotechnology

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


      
        Bifunctional CoFeP-N nanowires synthesized for sustainable water splitting
        Prof. Wang Qi's research group from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has synthesized iron- and nitrogen-co-doped CoFeP-N nanowires for high-efficiency electrocatalytic water splitting.

      

      
        Nanocarriers loaded with DNA relieve back pain, repairs damaged disk in mice
        Disk-related back pain may one day meet its therapeutic match: Gene therapy delivered by naturally derived nanocarriers that, a new study shows, repairs damaged disks in the spine and lowers pain symptoms in mice.

      

      
        Low-temperature pulse irradiation technique enables flexible optoelectronic devices
        The synthesis of metallic inorganic compound thin films typically requires high-temperature processes, which hampers their applications on flexible substrates. Recently, a research team at City University of Hong Kong (CityUHK) developed a pulse irradiation technique that synthesizes a variety of thin films in an extremely short time under ultra-low temperature.

      

      
        Nanobubble research to improve green hydrogen production
        In a novel study, published in Proceedings of the National Academy of Sciences, researchers from the University of Twente have made significant strides in understanding the behavior of micro- and nanobubbles on electrodes during water electrolysis. This process is crucial for (green) hydrogen production. These tiny bubbles form on the electrodes, blocking the flow of electricity and reducing the efficiency of the reaction.

      

      
        A golden layer unlocks sharper imaging and faster scanning with X-rays
        Scientists have made a breakthrough in significantly improving the sharpness of X-ray imaging and potentially boosting the speeds at which X-ray scans can be processed. This lays the groundwork for both better medical imaging and faster security clearance.
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Bifunctional CoFeP-N nanowires synthesized for sustainable water splitting
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                Schematic diagram of efficient electrocatalytic water splitting by CoFeP-N nanowires. Credit: Wang Ruiqi
            
        

    


Prof. Wang Qi's research group from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has synthesized iron- and nitrogen-co-doped CoFeP-N nanowires for high-efficiency electrocatalytic water splitting.



										      
         
        
        
        

      

																					
Their results, published in Applied Catalysis B: Environment and Energy, demonstrate the synthesis of bifunctional CoFeP-N nanowires for both hydrogen and oxygen evolution.

Hydrogen production by electrolysis uses water as the only raw material to achieve a closed cycle of hydrogen gas with zero carbon emissions, which is considered to be the greenest and most sustainable method. However, high costs limit the widespread use of electrolytic hydrogen production and require more cost-effective and efficient catalysts.

Due to their low cost and high catalytic performance, transition metal-based nanomaterials, which are abundant on Earth, have been shown to have broad prospects as excellent electrocatalysts.

In this study, the researchers introduced various heteroatoms into the carrier to form a transition metal-based nanocomposite using a three-step synthesis method of hydrothermal phosphatization and low-temperature plasma treatment. They prepared bifocal CoFeP-N nanowires for hydrogen and oxygen evolution to achieve synergistic interactions with the catalyst.
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                Theoretical calculations illustrate the efficient electrocatalytic water splitting mechanism of CoFeP-N nanowires. Credit: Wang Ruiqi
            
        

    



They used doping engineering, interface engineering, and plasma treatment to make the performance of transition metal catalysts potentially surpass precious metal catalysts, while maintaining good cycling stability. This helps to reduce production costs and promote industrial upgrading.

After CoFeP-N catalyst is prepared in an electrolysis cell, its electrocatalytic water splitting performance can exceed that of commercial precious metal electrolysis cells under the same conditions. In addition, it can work continuously for more than 100 hours without obvious performance degradation.

This work demonstrates an effective method for the preparation of transition metal-based bifunctional electrocatalysts, opening new avenues for the production of efficient, stable, and affordable advanced and sustainable energy materials.



																														
																				
																						More information:
												Ruiqi Wang et al, Low-temperature plasma-assisted synthesis of iron and nitrogen co-doped CoFeP-N nanowires for high-efficiency electrocatalytic water splitting, Applied Catalysis B: Environment and Energy (2024). DOI: 10.1016/j.apcatb.2024.124027
																						
																					


                               											
																					
                              										                                        
										
										
											 
												Citation:
												Bifunctional CoFeP-N nanowires synthesized for sustainable water splitting (2024, May 16)
												retrieved 16 May 2024
												from https://phys.org/news/2024-05-bifunctional-cofep-nanowires-sustainable.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-05-bifunctional-cofep-nanowires-sustainable.html



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Nanocarriers loaded with DNA relieve back pain, repairs damaged disk in mice
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                Credit: Biomaterials (2024). DOI: 10.1016/j.biomaterials.2024.122562
            
        

    


Disk-related back pain may one day meet its therapeutic match: Gene therapy delivered by naturally derived nanocarriers that, a new study shows, repairs damaged disks in the spine and lowers pain symptoms in mice.



										      
         
        
        
        

      

																																	
Scientists engineered nanocarriers using mouse connective-tissue cells called fibroblasts as a model of skin cells and loaded them with genetic material for a protein key to tissue development. The team injected a solution containing the carriers into damaged disks in mice at the same time the back injury occurred.

Assessing outcomes over 12 weeks, researchers found through imaging, tissue analysis, and mechanical and behavioral tests that the gene therapy restored structural integrity and function to degenerated disks and reduced signs of back pain in the animals.

"We have this unique strategy that's able to both regenerate tissue and inhibit some symptoms of pain," said co-senior author Devina Purmessur Walter, associate professor of biomedical engineering at The Ohio State University.

Though there is more to learn, the findings suggest gene therapy could offer an effective and long-lasting alternative to opioids for the management of debilitating back pain.

"This can be used at the same time as surgery to actually boost healing of the disk itself," said co-senior author Natalia Higuita-Castro, associate professor of biomedical engineering and neurological surgery at Ohio State. "Your own cells are actually doing the work and going back to a healthy state."


																																						
    
     




																																			The study was published online recently in the journal Biomaterials.

An estimated 40% of low-back pain cases are attributed to degeneration of the cushiony intervertebral disks that absorb shocks and provide flexibility to the spine, previous research suggests. And while trimming away bulging tissue from a herniated disk during surgery typically reduces pain, it does not repair the disk itself--which continues to degenerate with the passage of time.

"Once you take a piece away, the tissue decompresses like a flat tire," Purmessur Walter said. "The disease process continues, and impacts the other disks on either side because you're losing that pressure that is critical for spinal function. Clinicians don't have a good way of addressing that."

This new study builds upon previous work in Higuita-Castro's lab, which reported a year ago that nanocarriers called extracellular vesicles loaded with anti-inflammatory cargo curbed tissue injury in damaged mouse lungs. The engineered carriers are replicas of the natural extracellular vesicles that circulate in humans' bloodstream and biological fluids, carrying messages between cells.

To create the vesicles, scientists apply an electrical charge to a donor cell to transiently open holes in its membrane, and deliver externally obtained DNA inside that converts to a specific protein, as well as molecules that prompt the manufacture of even more of a functional protein.


																																			In this study, the cargo consisted of material to produce a "pioneer" transcription factor protein called FOXF1, which is important in the development and growth of tissues.

"Our concept is recapitulating development: FOXF1 is expressed during development and in healthy tissue, but it decreases with age," Purmessur Walter said. "We're basically trying to trick the cells and give them a boost back to their developmental state when they're growing and at their healthiest."

In experiments, mice with injured disks treated with FOXF1 nanocarriers were compared to injured mice given saline or mock nanocarriers and uninjured mice.

Compared to controls, the disks in mice receiving gene therapy showed a host of improvements: The tissue plumped back up and became more stable through production of a protein that holds water and other matrix proteins, all helping promote range of motion, load bearing and flexibility in the spine.

Behavioral tests showed the therapy decreased symptoms of pain in mice, though these responses differed by sex--males and females showed varying levels of susceptibility to pain based on the types of movement being assessed.

The findings speak to the value of using universal adult donor cells to create these extracellular vesicle therapies, the researchers said, because they don't carry the risk of generating an immune response. The gene therapy also, ideally, would function as a one-time treatment--a therapeutic gift that keeps on giving.

"The idea of cell reprogramming is that you express this transcription factor and the cell is then going to convert to this healthier state and stays committed to that healthier phenotype--and that conversion is not normally transient," Higuita-Castro said. "So in theory, you would not expect to have to re-dose significantly."

There are more experiments to come, testing the effects of other transcription factors that contribute to intervertebral disk development. And because this first study used young adult mice, the team also plans to test the therapy's effects in older animals that model age-related degeneration and, eventually, in clinical trials for larger animals known to develop back problems.



																																																					
																				
																						More information:
												Shirley N. Tang et al, Engineered extracellular vesicle-based gene therapy for the treatment of discogenic back pain, Biomaterials (2024). DOI: 10.1016/j.biomaterials.2024.122562
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Low-temperature pulse irradiation technique enables flexible optoelectronic devices
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                PIS synthesis of large-area PTE film and characterization. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-44970-4
            
        

    


The synthesis of metallic inorganic compound thin films typically requires high-temperature processes, which hampers their applications on flexible substrates. Recently, a research team at City University of Hong Kong (CityUHK) developed a pulse irradiation technique that synthesizes a variety of thin films in an extremely short time under ultra-low temperature.



										      
         
        
        
        

      

																																	
The strategy effectively addresses the compatibility and cost issues of traditional high-temperature synthesis, and the prepared thermoelectric films exhibit excellent optoelectronic performance in the visible and near-infrared spectrum range, which is promising for wearable electronics and integrated optoelectronic circuits.

"Scalable film fabrication is key to meeting the requirements of next-generation optoelectronic devices. Our progress in this work ingeniously avoids the difficulties with traditional thin film preparation techniques, making it more broadly applicable for practical use," said Professor Johnny Ho, Associate Vice-President (Enterprise) and Professor in the Department of Materials Science and Engineering at CityU, who led the study.

The key advantage of the low-temperature synthesis technique developed in this study is its applicability to various flexible substrates. The research team also made an intriguing discovery regarding the thermal effect of these substrates on the optoelectronic response of the resulting thermoelectric thin films. This finding opens up opportunities for achieving wide-spectrum detection capabilities.

The paper, titled "Pulse irradiation synthesis of metal chalcogenides on flexible substrates for enhanced photothermoelectric performance," is published in the journal Nature Communications.
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                Schematics of the pulse irradiation synthesis for highly conformable photothermoelectric films. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-44970-4
            
        

    



The demand for flexible optoelectronic devices has spurred the need for advanced techniques with high throughput and low processing temperatures. However, when crystalline films are required, additional high-temperature processes are required. This requirement poses significant challenges when working with thermally unstable substrates and other device components.


																																						
    
     




																																			To overcome these obstacles, the research team developed a novel pulse irradiation synthesis method that achieves both a low processing temperature and an ultra-short reaction time, surpassing the capabilities of conventional techniques.

With the new method for preparing metal sulfide thin films at low temperatures, these detectors can now achieve higher performance on suitable flexible substrates. This creates exciting possibilities for thermal imaging applications in security monitoring, fire detection, military surveillance, and other fields.

Additionally, the photothermoelectric effect allows for the conversion of invisible infrared light into electrical signals, paving the way for applications in high-speed communications and optical signal processing.

Looking ahead, the research team's plans involve primarily optimizing performance and adjusting parameters, expanding material systems, and exploring the integration and feasibility of practical applications. These efforts aim to further enhance the potential of low-temperature synthesized metallic inorganic compound thin films and pave the way for the realization of advanced flexible optoelectronic devices.



																																																					
																				
																						More information:
												Yuxuan Zhang et al, Pulse irradiation synthesis of metal chalcogenides on flexible substrates for enhanced photothermoelectric performance, Nature Communications (2024). DOI: 10.1038/s41467-024-44970-4
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Nanobubble research to improve green hydrogen production
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                Credit: Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2321958121
            
        

    


In a novel study, published in Proceedings of the National Academy of Sciences, researchers from the University of Twente have made significant strides in understanding the behavior of micro- and nanobubbles on electrodes during water electrolysis. This process is crucial for (green) hydrogen production. These tiny bubbles form on the electrodes, blocking the flow of electricity and reducing the efficiency of the reaction.




										    
																					A renewable hydrogen economy significantly reduces the impact of global warming compared to a fossil fuel economy. However, the production of hydrogen is significantly impeded by bubbles at the micro- and nanoscale. Therefore, researchers at the University of Twente try to precisely understand how these tiny bubbles form on and stick to the electrodes, to finally get rid of them.



    
    
    
        
        
    
            
            Stable nanobubble in molecular simulations with J = 8.5 kg/(m2s)
  

Supported by advanced molecular simulations, Detlef Lohse and his team developed a theory that can successfully predict the electrical current density needed to let the nanobubbles grow uncontrollably and detach, thus freeing the electrode for further hydrogen production.

This finding is pivotal as it allows for the prediction and control of bubble behavior, ensuring that electrolysis can proceed with minimal disruption. The research builds upon the established stability theory for surface nanobubbles (Lohse-Zhang model) and extends it to include the electrolytic current density to predict the bubble behavior.

With the improved knowledge, scientists and engineers can now work towards enhancing the detachment of bubbles. Besides improving the overall efficiency of water electrolysis, this work can be used also for other systems where gas bubbles are formed, such as in catalysis.


																														
																				
																						More information:
												Yixin Zhang et al, Threshold current density for diffusion-controlled stability of electrolytic surface nanobubbles, Proceedings of the National Academy of Sciences (2024). DOI: 10.1073/pnas.2321958121
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                Visible light being used to check if a sample made of perovskites and gold is correctly loaded for experiments to test the luminescence of the sample. Credit: NTU Singapore
            
        

    


Scientists have made a breakthrough in significantly improving the sharpness of X-ray imaging and potentially boosting the speeds at which X-ray scans can be processed. This lays the groundwork for both better medical imaging and faster security clearance.



										      
         
        
        
        

      

																																	Key to the advance is a layer of gold added to devices that help visualize X-rays.

X-rays used in health and security scans are invisible, but they can be pictured using detectors that have "scintillating" materials that absorb the radiation and "light up" in a way similar to glow-in-the-dark paint. The visible light emitted by the scintillating materials is captured by sensors to create images based on the X-rays. The brighter the light, the sharper and more detailed the visuals.

The researchers, co-led by Nanyang Technological University, Singapore (NTU Singapore) and Poland's Lukasiewicz Research Network-PORT Polish Center for Technology Development, discovered that adding a gold layer to the scintillating materials made the visible light they gave off 120% brighter. On average the light emitted had an intensity of around 88 photons per kiloelectronvolt, data from the study published in Advanced Materials showed.

As a result, the X-ray images produced were, in general, 38% sharper and the ability to distinguish between different parts of the images was improved by 182%.

With the gold layer, the time the scintillating materials took to stop emitting light after absorbing the X-rays was also shortened by 1.3 nanoseconds on average, or nearly 38%, meaning they were ready for the next round of radiation more quickly. This suggests the potential for gold to speed up the processing of X-ray scans.


																																						
    
     




																																			Rippling electrons

These boosts can be explained because gold is "plasmonic," meaning the electrons in the metal react to radiation by moving in synchronized wave-like patterns, akin to ripples forming after a pebble is dropped into water.
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                A light detection set-up used in experiments done by researchers from NTU Singapore to determine the efficiency of samples made of perovskites and gold. Credit: NTU Singapore
            
        

    



These rippling electrons, also called plasmons, can interact with scintillating materials to accelerate the emission of visible light by the materials after they react with X-rays. This then causes the light given off to become more intense.

This contrasts with non-plasmonic materials, whose electrons do not interact with radiation in the same way. As a result, they do not move in a coordinated wave-like manner and do not speed up visible light emission by scintillating materials.

For the research, the experiments used gold just 70 nanometers thick, or about 1,000 times thinner than a strand of hair. Using a thin layer of gold helps to keep material costs down and keeps the size of future X-ray detectors compact.

The researchers added the plasmonic gold layer to a scintillating material called butylammonium lead bromide, from the "perovskite" family of compounds. Perovskites are known for their ability to convert sunlight into electricity in solar cells.

This "nanoplasmonic" study was conducted in collaboration between the CNRS-International-NTU-Thales Research Alliance, an NTU-based French-Singaporean joint research laboratory; Institut Lumiere Matiere CNRS based in Universite Claude Bernard Lyon 1 in France; and Nano Center Indonesia.


																																			Nanyang Assistant Professor Wong Liang Jie, study co-lead from NTU Singapore's School of Electrical and Electronic Engineering, said, "Our results highlight the enormous potential of nanoplasmonics in optimizing ultra-fast imaging systems where high spatial resolution and high contrast are needed, such as X-ray bioimaging and microscopy."

Asst Prof Wong said that the improvements in X-ray detection demonstrated by the study stand to benefit airport security clearance too, as items in luggage might be more easily detected with crisper and higher-quality X-ray images, while bags could be screened more quickly.

Dr. Muhammad Danang Birowosuto, study co-lead from the Lukasiewicz Research Network-PORT Polish Center for Technology Development and a former NTU researcher, said, "Combining this improvement with other technologies will result in state-of-the-art functionalities in radiation imaging, such as to enhance X-ray analysis done in color or improve the accuracy of 'time-of-flight' X-ray medical imaging."
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                NTU Singapore research associate Liliana Tjahjana (left) loading a sample made of perovskites and gold onto a visible light detector, with Nanyang Assistant Professor Wong Liang Jie, also from the University, monitoring the set-up. Credit: NTU Singapore
            
        

    



A spokesman for multinational corporation Thales said that "the idea of combining the physical phenomena of photonic structures--structures that change how light behaves--with scintillating materials for X-ray detectors represents an interesting concept to increase the efficiency of the current generation of detectors."

"Thales continues to monitor scientific advances in this area with great interest and welcomes Asst Prof Wong's breakthrough in this area," the spokesman added.


																																						
    
     




																																			Golden opportunity

The inspiration to use gold as a plasmonic material together with scintillating materials arose from a marriage of two research areas that had not been explored before for X-ray detectors.

Members of the research team previously found that after certain substances absorbed visible light, they also gave off visible light, which could get brighter if thin plasmonic gold at the nanometer scale was added.

At the time, other members of the team, who study how nano-sized structures enhance X-ray generation, were also working on X-ray detection.

Looking at the nanoplasmonic findings, an idea struck the team: Since X-ray detection in X-ray scanners also depends on substances absorbing radiation to emit visible light, could nanoscale plasmonic materials augment detectors in these scanners?

The scientists then set out to prove this experimentally with gold.
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                The research team from NTU Singapore includes (front row from left) PhD student Ye Wenzheng, Nanyang Assistant Professor Wong Liang Jie, Dr Francesco Maddalena and (second row) research associate Liliana Tjahjana. Credit: NTU Singapore
            
        

    



The researchers are next planning to add nano-sized notch-like patterns to the surface of the gold layer to boost the visible light given off by X-ray absorbing scintillating materials, as earlier research has shown that tiny notches can enhance visible light production.

Dr. Dennis Schaart, head of the medical physics and technology section in the radiation science and technology department at the Netherlands' Delft University of Technology, said that the findings "open a new avenue for the improvement of radiation imaging detectors based on scintillators."


																																			Scintillators convert X-ray or gamma-ray photons into measurable light signals for applications such as medical imaging in computed tomography (CT) scans, non-destructive testing like those for quality assurance in industrial production, and security clearance using airport baggage scanners.

Dr. Schaart--who researches novel technologies for medical imaging and radiation oncology and was not involved in the study--said that the performance limits of commonly known scintillation mechanisms are close to being reached. But there remains a persistent demand for even better solutions.

"The findings presented in this latest research point the way towards a new class of scintillation detectors in which the intensity and speed of light emission are enhanced through the manipulation of quantum-mechanical phenomena," he said.

"In principle, this offers highly exciting prospects for scintillator developers to engineer optimal materials for a wide variety of applications. If the results presented in the research can be reproduced and scaled towards industrially produced scintillators, this will likely contribute to, for example, more accurate, more affordable and more accessible medical diagnosis, as well as faster security scans."


																																																					
																				
																						More information:
												Wenzheng Ye et al, The Nanoplasmonic Purcell Effect in Ultrafast and High-Light-Yield Perovskite Scintillators, Advanced Materials (2024). DOI: 10.1002/adma.202309410
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        Scientists demonstrate the survival of quantum coherence in a chemical reaction involving ultracold molecules
        If you zoom in on a chemical reaction to the quantum level, you'll notice that particles behave like waves that can ripple and collide. Scientists have long sought to understand quantum coherence, the ability of particles to maintain phase relationships and exist in multiple states simultaneously; this is akin to all parts of a wave being synchronized. It has been an open question whether quantum coherence can persist through a chemical reaction where bonds dynamically break and form.

      

      
        Physicists create optical component for 6G
        A joint team of physicists from Skoltech, MIPT, and ITMO developed an optical component that helps manage the properties of a terahertz beam and split it into several channels. The new device can be used as a modulator and generator of terahertz vortex beams in medicine, 6G communications, and microscopy. The paper appears in the journal Advanced Optical Materials.

      

      
        Quantum experts review major techniques for isolating Majoranas
        Named after an Italian theoretical physicist, Majoranas are complex quasiparticles that could be the key to building next-generation quantum computing systems.

      

      
        Method milestone for quantum physics: Rapid test for topological 2D materials
        Topological quantum materials are hailed as a cornerstone of future technological advancements. Yet, validating their exceptional qualities has always been a lengthy process.
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Scientists demonstrate the survival of quantum coherence in a chemical reaction involving ultracold molecules
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If you zoom in on a chemical reaction to the quantum level, you'll notice that particles behave like waves that can ripple and collide. Scientists have long sought to understand quantum coherence, the ability of particles to maintain phase relationships and exist in multiple states simultaneously; this is akin to all parts of a wave being synchronized. It has been an open question whether quantum coherence can persist through a chemical reaction where bonds dynamically break and form.



										      
         
        
        
        

      

																																	
Now, for the first time, a team of Harvard scientists has demonstrated the survival of quantum coherence in a chemical reaction involving ultracold molecules. These findings highlight the potential of harnessing chemical reactions for future applications in quantum information science.

"I am extremely proud of our work investigating a very fundamental property of a chemical reaction where we really didn't know what the result would be," said senior co-author Kang-Kuen Ni, Theodore William Richards Professor of Chemistry and Professor of Physics. "It was really gratifying to do an experiment to find out what Mother Nature tells us."

In the paper, published in Science, the researchers detail how they studied a specific atom-exchange chemical reaction in an ultra-cold environment involving 40K87Rb bialkali molecules, where two potassium-rubidium (KRb) molecules react to form potassium (K2) and rubidium (Rb2) products.

The team prepared the initial nuclear spins in KRb molecules in an entangled state by manipulating magnetic fields and then examined the outcome with specialized tools. In the ultra-cold environment, the Ni Lab was able to track the nuclear spin degrees of freedom and observe the intricate quantum dynamics underlying the reaction process and outcome.


																																						
    
     




																																			The work was undertaken by several members of Ni's Lab, including Yi-Xiang Liu, Lingbang Zhu, Jeshurun Luke, J.J. Arfor Houwman, Mark C. Babin, and Ming-Guang Hu.

Utilizing laser cooling and magnetic trapping, the team was able to cool their molecules to just a fraction of a degree above absolute zero. In this ultracold environment, of just 500 nanoKelvin, molecules slow down, enabling scientists to isolate, manipulate, and detect individual quantum states with remarkable precision. This control facilitates the observation of quantum effects such as superposition, entanglement, and coherence, which play fundamental roles in the behavior of molecules and chemical reactions.

By employing sophisticated techniques, including coincidence detection where the researchers can pick out the exact pairs of reaction products from individual reaction events, the researchers were able to map and describe the reaction products with precision. Previously, they observed the partitioning of energy between the rotational and translational motion of the product molecules to be chaotic. Therefore, it is surprising to find quantum order in the form of coherence in the same underlying reaction dynamics, this time in the nuclear spin degree of freedom.

The results revealed that quantum coherence was preserved within the nuclear spin degree of freedom throughout the reaction. The survival of coherence implied that the product molecules, K2 and Rb2, were in an entangled state, inheriting the entanglement from the reactants. Furthermore, by deliberately inducing decoherence in the reactants, the researchers demonstrated control over the reaction product distribution.


																																			Going forward, Ni hopes to rigorously prove that the product molecules were entangled, and she is optimistic that quantum coherence can persist in non-ultracold environments.

"We believe the result is general and not necessarily limited to low temperatures and could happen in more warm and wet conditions," Ni said. "That means there is a mechanism for chemical reactions that we just didn't know about before."

First co-author and graduate student Lingbang Zhu sees the experiment as an opportunity to expand people's understanding about chemical reactions in general.

"We are probing phenomena that are possibly occurring in nature," Zhu said. "We can try to broaden our concept to other chemical reactions. Although the electronic structure of KRb might be different, the idea of interference in reactions could be generalized to other chemical systems as well."



																																																					
																				
																						More information:
												Yi-Xiang Liu et al, Quantum interference in atom-exchange reactions, Science (2024). DOI: 10.1126/science.adl6570. www.science.org/doi/10.1126/science.adl6570
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Physicists create optical component for 6G

										


    
        
            [image: Physicists create optical component for 6G]
             
                Spiral zone plate fabrication process. Credit: Arina Radivon et al
            
        

    


A joint team of physicists from Skoltech, MIPT, and ITMO developed an optical component that helps manage the properties of a terahertz beam and split it into several channels. The new device can be used as a modulator and generator of terahertz vortex beams in medicine, 6G communications, and microscopy. The paper appears in the journal Advanced Optical Materials.




										      
         
        
        
        

      

																																	The rapidly evolving terahertz technology involves the transmission of signals at about 1 trillion hertz, or 1 THz--in between the microwave and the infrared frequency bands. It will be used in high-speed 6G communications, as well as in medicine, as an alternative to X-rays. Researchers are currently focusing on the creation of optical components adapted to these frequencies, and generators that can be used to transmit such signals.

Physicists from MIPT and Skoltech have jointly developed a varifocal Fresnel zone plate based on carbon nanotubes that enables focusing THz radiation and tuning the plate's properties by stretching. In their recent study, the researchers joined forces with ITMO to synthesize an optical component that works in the THz range.

"Together with Skoltech and ITMO, we won the Clover competition for a joint research project in photonics and decided to create a spiral zone plate. ITMO performed design calculations for the shape and behavior of the plate, Skoltech synthesized nanomaterials and fabricated a plate with intended geometry, and MIPT experimentally tested the plate using the facilities of the General Physics Institute of RAS," said Maria Burdanova, a senior researcher at MIPT's Laboratory of Nanooptics and Plasmonics.

Made of a thin film of carbon nanotubes, the new plate twists the wavefront of the THz beam passing through it. In the experiment, the team placed two plates side by side and then rotated them relative to each other, changing the distribution of radiation intensity and splitting the beam into several areas (modes) of different radiation intensities, each of which could be used as a channel for information transfer.
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                Example of spatial distribution of beam intensities and phases near the modulator focus. Credit: Modified from Arina Radivon et al.
            
        

    



The team experimentally tested the plate's properties using the THz imaging method. A powerful radiation source was directed at the plate, and the distribution of the electromagnetic field intensity was detected using a subwavelength aperture and a 2D raster scanning system based on a Golay cell. The researchers used the resulting image to make sure the plate produced a twisted beam and to check the intensity pattern.


																																						
    
     




																																			The new modulator is suitable for a variety of applications, including THz microscopy and biomedicine, that require focusing and repositioning the beam.

"Tapping into the THz band is an important challenge due to the lack of unified instrumentation and device standards. At the same time, it opens the door to competitive research and the creation of ingenious solutions. One of the key features highlighting the prospects of carbon nanotubes is the possibility to create multifunctional devices with properties that can be fine-tuned by different effects through responses at the atomic, supramolecular, and micron levels.

"For the first time, our joint team has succeeded in introducing an additional effect: interaction of different nanotube patterns. This paves the way for future devices. Amazingly, the research took less than nine months from original idea to proof-of-concept--one of the fastest projects in my career so far.

"This breakthrough would not have been possible without the concerted effort of ITMO, MIPT, and Skoltech. This underscores the potential of seed programs to enhance domestic collaboration between Russian research teams," Dmitry Krasnikov, an associate professor at Skoltech Photonics, commented.

"Our Clover project has been extended for this year. We plan to manufacture a THz adaptive varifocal device based on the same spiral zone plates, but enhanced with manipulation capabilities. We also expect to file a patent application for the device we already have," Burdanova added.

In 2023, Skoltech, MIPT, and ITMO University launched the Clover initiative to support collaborative research and promote cooperation between the country's three leading universities in the field of photonics. With its orientation toward students, researchers, and postdocs starting their scientific careers, Clover engages them in frontier research projects and facilitates mobility between top research teams.

The long-term goal is to initiate large-scale programs in photonics and related fields in Russia. The Clover competition brought together top researchers working in the fields of biophotonics, advanced photonic materials, topological photonics, optical computing, and laser physics and technology.


																																																					
																				
																						More information:
												Arina V. Radivon et al, Expanding THz Vortex Generation Functionality with Advanced Spiral Zone Plates Based on Single-Walled Carbon Nanotube Films, Advanced Optical Materials (2024). DOI: 10.1002/adom.202303282
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Quantum experts review major techniques for isolating Majoranas

										

    
        
            [image: Quantum experts review major techniques for isolating Majoranas]
             
                Proposed topological platforms. Credit: Science (2023). DOI: 10.1126/science.ade0850
            
        

    


Named after an Italian theoretical physicist, Majoranas are complex quasiparticles that could be the key to building next-generation quantum computing systems.



										      
         
        
        
        

      

																																	
Most materials contain many electrons, each of which has a negative charge and a type of intrinsic quantum momentum known as spin. Interactions between electrons in some materials can produce emergent particles, or particles that have entirely different characteristics from the electrons that comprise them. Examples include materials in which spin and charge part ways and materials in which the unit of charge breaks down into smaller fractions.

Majoranas, which fall into this category of emergent particles, can exist in certain types of superconductors and in a quantum state of matter known as a spin liquid. Two Majoranas combine to form an electron, so scientists aim to identify materials in which these Majoranas can exist separately. Doing so would enable researchers to observe the unique capabilities that these particles demonstrate on their own--including efficient methods for storing and transferring information across great distances.

In pursuit of this goal, a team of researchers that includes Harvard University's Amir Yacoby, a member of the Quantum Science Center headquartered at the Department of Energy's Oak Ridge National Laboratory, has published a review paper in Science on the state of the field of Majorana research. The QSC is a DOE National Quantum Information Science Research Center.


																																						
    
     




																																			The team, comprising researchers from Harvard, Princeton University and the Free University of Berlin, is focused on studying Majorana behavior to bolster knowledge of these particles' potential applications and of their impact on fundamental scientific phenomena.

"These peculiar particles only exist in certain materials," Yacoby said. "So, the questions are, in which materials do they exist and how? And what kinds of tests can we do to determine whether a particular material has the potential to host Majoranas? Answering these questions is one of the main challenges in this field."

In their paper, the researchers describe progress made over the past decade and primarily focus on the four platforms that show promise for isolating and measuring Majoranas--nanowires, the fractional quantum Hall effect, topological materials and Josephson junctions.

Nanowires, which are the most studied option for realizing Majorana-based quantum systems, are thin rods made of a semiconducting material. Another way to create an atmosphere hospitable to Majoranas is to enable the fractional quantum Hall effect, which occurs when electrons move in a plane subject to a strong magnetic field.

Many topological materials are also potential hosts for Majoranas because of their seemingly contradictory structure of interior regions that act as electrical insulators and exterior regions that easily conduct electricity. Finally, Josephson junctions consist of two superconductors separated by a normal piece of metal or a semiconductor. Previous QSC studies have indicated that these superconductor sandwiches could be engineered to comfortably house Majoranas.


																																			"When we apply new techniques to these different types of materials, what often happens is we discover things we didn't expect," Yacoby said. "Part of our goal is to better understand what exactly we're seeing in the signatures we observe."

This research aligns with QSC priorities. The researchers are working with other QSC members, including Prineha Narang at UCLA and Stephen Jesse at ORNL, to continue devising new theoretical and experimental methodologies aimed at screening materials for Majoranas.

"Through the QSC, we've been able to take advantage of new technologies that are emerging within the quantum science community," Yacoby said. "These include new ways of measuring and probing matter to devise new tests that will tell us whether a material is worth considering as a possible host for Majoranas or not."
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												Ali Yazdani et al, Hunting for Majoranas, Science (2023). DOI: 10.1126/science.ade0850
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                Rapid Test for Topological 2D Materials. Credit: Christoph Mader/Jorg Bandmann, pixelwg
            
        

    


Topological quantum materials are hailed as a cornerstone of future technological advancements. Yet, validating their exceptional qualities has always been a lengthy process.



										      
         
        
        
        

      

																																	
Researchers at the Cluster of Excellence ct.qmat have now developed an experimental technique that systematically identifies two-dimensional topological materials through a rapid test. This breakthrough could help accelerate the progress of this booming class of materials.

Their findings have been published in the journal Physical Review Letters.

In 2007, Professor Laurens W. Molenkamp, a founding member of the Wurzburg-Dresden Cluster of Excellence ct.qmat--Complexity and Topology in Quantum Matter--provided the first experimental proof of topological insulators, a novel class of materials. These materials stand out because although their interior behaves like an electrical insulator, they conduct electrons on their surface without any resistance.

Since that groundbreaking discovery, global interest in these materials has surged. This is driven by their critical role in a potential materials revolution and their promising applications in quantum technologies, such as the development of "cold chips" that are powerful, energy-efficient, and don't generate waste heat.

"Currently, detecting topological insulators experimentally entails highly complex research. It requires a large team and a substantial amount of time to prepare a sample of the material. Moreover, successful detection is never assured," notes ct.qmat's Wurzburg spokesperson Professor Ralph Claessen.


																																						
    
     




																																			Rapid test for the materials revolution

But now, a ct.qmat research team in Wurzburg has devised a systematic method to identify two-dimensional topological quantum materials in record time using a far simpler measurement technique. "Essentially, in addition to a promising material sample, all you really need is special X-rays," explains Dr. Simon Moser, the project lead from JMU Wurzburg.

"The required light particles should be high-frequency and circularly polarized, meaning they possess angular momentum. This can be achieved using any synchrotron light source.

"For instance, our samples were irradiated at the Elettra Sincrotrone in Trieste and at the Diamond Light Source, the UK's national synchrotron science facility at the Harwell Science and Innovation Campus in Oxfordshire."

What sounds simple is actually a significant breakthrough in researching topological quantum materials. "If you secure a slot at a synchrotron, you can determine within about a week whether a material is a topological insulator. With the traditional method, this takes at least a doctoral thesis," notes Moser.

Spinning success with dichroic photoemission

The essence of the new rapid testing method lies in dichroic photoemission. The material sample is exposed multiple times to high-frequency light with varying polarization. Initially, only electrons that rotate clockwise, for example, are released from the material. Subsequently, only the electrons that rotate counterclockwise are released.


																																			Detecting the different rotation directions of electrons using dichroic photoemission and thus uncovering their topology isn't a new idea. In 2023, another ct.qmat team from Wurzburg used this method to analyze the topology of a kagome metal for the first time.

"They used circular photoemission to investigate the kagome metal. We focused on the methodology and developed a kind of recipe that now always works, not just by chance," says Moser, explaining his team's new approach. "Our rapid test systematically makes the topology of the electrons visible."

As the researchers have a longstanding track record of investigating the two-dimensional quantum material indenene, they also used this material to develop the rapid test method. In addition, they are already applying the principle to other materials. A recent experiment involved irradiating a bismuthene sample, and the data will be analyzed shortly.



																																																					
																				
																						More information:
												Jonas Erhardt et al, Bias-Free Access to Orbital Angular Momentum in Two-Dimensional Quantum Materials, Physical Review Letters (2024). DOI: 10.1103/PhysRevLett.132.196401
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Fast track to food safety: New test spots seafood pathogen in 30 minutes
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                Schematic showing the use of a CRISPR/Cas12a system combined with isothermal amplification and ICS for rapid and visual nucleic acid detection. Credit: Food Quality and Safety (2024). DOI: 10.1093/fqsafe/fyae008
            
        

    


Vibrio parahaemolyticus is a Gram-negative, halophilic bacterium prevalent in marine environments and is the primary cause of acute hepatopancreatic necrosis, also known as early death syndrome, in aquaculture.



										      
         
        
        
        

      

																																	
It represents a considerable public health hazard, especially through the consumption of raw or undercooked seafood. The bacterium can contaminate seafood surfaces, leading to foodborne outbreaks. Current detection methods, which rely on microbial isolation, culturing, and biochemical identification, are too slow for effective point-of-care testing (POCT).

In a notable advancement for food safety, scientists from the Shanghai Academy of Agricultural Sciences have unveiled a novel detection platform that identifies Vibrio parahaemolyticus within 30 minutes. This innovation could significantly reduce the risk of foodborne illness from seafood. Published in Food Quality and Safety February 2024, this method marks a substantial improvement in food safety and public health measures.

The research team developed an innovative platform that swiftly detects the presence of Vibrio parahaemolyticus in seafood. This rapid-response system is transformative for food safety, where early detection of pathogens is crucial for preventing illness.

The platform utilizes a combined approach involving recombinant polymerase amplification (RPA), the CRISPR/Cas12a system, and an immunochromatographic test strip (ICS). It specifically targets the tlh gene of V. parahaemolyticus, facilitating highly sensitive detection.


																																						
    
     




																																			The procedure starts with extracting bacterial DNA from the seafood sample, followed by RPA for amplification. The CRISPR/Cas12a system then accurately identifies and cleaves the target gene, with the ICS providing a visual confirmation of the bacterium's presence. This method achieves a detection limit of 2.5x102 fg/mL for plasmid DNA and 1.4x102 CFU/mL for the bacteria.

Remarkably, it can detect V. parahaemolyticus in salmon sashimi at concentrations as low as 154 CFU/g without sample enrichment. This breakthrough overcomes the drawbacks of traditional culture-based methods, offering a faster, more accessible approach for monitoring seafood safety.

Dr. Haijuan Zeng, the corresponding author and leader of the Biotechnology Research Institute at the Shanghai Academy of Agricultural Sciences, stated, "Our innovative detection platform represents a significant advancement in the rapid and sensitive detection of Vibrio parahaemolyticus, proving especially valuable for ensuring seafood safety and preventing public health crises."

This new method could revolutionize how food safety is monitored in the seafood industry, offering a rapid, cost-effective solution that can be implemented directly at points of sale or during food handling, significantly shortening the detection timeframe and potentially averting foodborne outbreaks before contaminated products reach consumers.



																																																					
																				
																						More information:
												Jinbin Wang et al, A visual, rapid, and sensitive detection platform for Vibrio parahaemolyticus based on RPA-CRISPR/Cas12a and an immunochromatographic test strip, Food Quality and Safety (2024). DOI: 10.1093/fqsafe/fyae008
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Standardized metadata for biological samples could unlock the potential of collections
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                Bluethroat (Luscinia svecica). Credit: Vojtech Brlik
            
        

    


Vojtech Brlik from the Department of Ecology, Faculty of Science, Charles University and the Institute of Vertebrate Biology, Czech Academy of Sciences calls on scientists to share basic information about biological samples (metadata) to ensure their effective repurposing across biological disciplines.



										      
         
        
        
        

      

																																	
The call to the scientific community, published in the journal Nature, is based on the experience gained from coordinating the AviSample Network metadata repository, which currently holds the metadata of more than 35,000 samples of almost 500 bird species.

Scientific community has been systematically optimizing research activities, and there are a number of initiatives actively pursuing this goal. The project led by Brlik pushes these efforts even further, "Our initiative demonstrates that the availability and traceability of basic information about samples (so-called metadata) has the potential to make scientific research more efficient, save financial and human resources and diversify research teams on a global level."

He adds, "This initiative is not concerned with the storage of the physical samples or the data. We are only interested in basic information about biological samples, simply put, when, where and how the samples were collected and how they are preserved. Sharing these metadata is inexpensive, applicable on a global level, and facilitates the use of already collected samples, which benefits both the sample owners and the researchers who will use them."


																																						
    
     




																																			The principle of sharing sample metadata and repurposing existing samples is beneficial in many ways. Centralized and standardized reporting of sample metadata makes it easy to see what samples are currently available without demanding communication with colleagues or costly collection of new samples.

Sharing metadata could therefore streamline scientific activities, especially in less explored areas that are difficult to access, while strengthening key collaborations with local scientists. Similarly, reporting sample metadata would help scientists whose research focuses on endangered species or large spatial scales.

"The initial idea for this initiative was conceived during my Ph.D. studies, when I was looking for feather samples originating from a large area of sub-Saharan Africa. I had samples from our research group, but I needed to expand the dataset considerably.

"We wrote to colleagues in Sweden and Switzerland who we suspected had similar samples from other locations in Africa. And fortunately, it turned out that they did indeed have them. Although they primarily collected the samples for a completely different purpose, we have managed to cover a huge part of the sub-Saharan Africa region through this joint effort, which would not have been possible without a cooperation with colleagues," says Brlik, describing the origins of the current project.
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                Illustrative photo of ornithological samples. Credit: Petr Prochazka
            
        

    



In 2022, Brlik and a team of colleagues (in particular Pavel Pipek from the Department of Ecology, Faculty of Science, Charles University and Petr Prochazka from the Institute of Vertebrate Biology of the CAS) created the AviSample Network metadata repository. In this database, ornithologists can now enter metadata of bird samples, i.e. where, when, and how the sample was collected, from which bird species and how these samples are stored.


																																			The database currently includes information on nearly 500 bird species and metadata for more than 35,000 samples are available. The repository has a number of ambassadors who are involved in spreading the initiative in their regions.

"One of the examples of the repurposing of existing samples enabled by sharing metadata is the B10K project. This project aims to survey the genomes of all 10,000 bird species, which the project coordinators are collecting primarily from museums.

"However, for rare species and species occurring in understudied areas (e.g. tropics) it is not easy to obtain samples. Sharing metadata of samples stored in researchers' collections has made it possible to use existing samples collected in Africa and Europe, for this large-scale project," describes Brlik.

In a correspondence published in his article, Brlik shows, using the AviSample Network as an example, that sharing metadata facilitates repurposing existing samples stored in researchers' collections and has thus a huge potential.

"I aim to take this initiative and change in perception to a global level and show that sharing sample metadata has the potential to advance the efficiency of scientific activities across biological disciplines," concludes Brlik.
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												Vojtech Brlik, Standardized metadata for biological samples could unlock the potential of collections, Nature (2024). DOI: 10.1038/d41586-024-01421-w
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Bioengineered enzyme creates natural vanillin from plants in one step
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                Commercial production of natural vanillin, the vanilla flavoring compound, is limited by the lack of microbial or plant-derived enzymes which can synthesize large amounts of the product. Researchers from Tokyo University of Science have developed a novel genetically engineered enzyme which can convert ferulic acid from plant waste to vanillin in a sustainable one-step process. Credit: Professor Toshiki Furuya, Tokyo University of Science
            
        

    


Vanilla extract is one of the most widely used flavoring compounds in food products and cosmetics. The pleasant and sweet smell of this classic flavor is imparted by the chemical compound "vanillin" found in the seed pods of vanilla plants belonging to the orchid family. In plants, vanillin is synthesized by the conversion of ferulic acid by the enzyme--VpVAN. However, laboratory biosynthesis of vanillin from plant-derived VpVAN yields only very small quantities of vanillin, and is, therefore, commercially impractical.



										      
         
        
        
        

      

																																	
Furthermore, although chemically derived vanilla essences are available cheaply, they do not match the flavor of natural vanilla extract, and the demand for the latter continues to remain high. Additionally, climatic restrictions for the cultivation of vanilla plants, and the relatively small yield obtained per plant, have led to a dwindling supply and a surge in the price of natural vanilla extract.

Addressing these challenges, Professor Toshiki Furuya from the Department of Applied Biological Science, Faculty of Science and Technology, Tokyo University of Science, and his graduate students Shizuka Fujimaki and Satsuki Sakamoto, successfully developed an enzyme that generates vanillin from plant-derived ferulic acid.

"Ferulic acid, the raw material, is a compound that can be obtained in abundance from agricultural waste such as rice bran and wheat bran. Vanillin is generated simply by mixing ferulic acid with the developed enzyme at room temperature. So, the established technology can provide a simple and environmentally friendly method for producing flavor compounds," explains Prof. Furuya. Their study was published on May 10, 2024, in Applied and Environmental Microbiology.

The researchers used genetic engineering approaches to modify the molecular structure of an enzyme--"Ado." Ado is originally an oxidase enzyme that adds an oxygen atom to the substrate--isoeugenol.


																																						
    
     




																																			In its native state, it does not have the ability to convert ferulic acid into vanillin. Using structural modeling analysis, the researchers were able to predict amino acid changes in Ado which would enable its interaction with ferulic acid.

On these lines, they conducted a series of experiments by replacing phenylalanine and valine amino acid residues at specific positions in the structure of Ado, with various other amino acids. They went on to examine the ferulic acid conversion ability of the various engineered mutant proteins.

Following several trials and errors, they found that a mutant protein in which only three specific phenylalanine and valine residues were replaced with tyrosine and arginine, stably reacted with ferulic acid and exhibited high conversion activity. Notably, the engineered enzyme did not require any cofactors for conversion, unlike other oxidases, and produced vanillin on a gram scale per liter of reaction solution, with a higher catalytic efficiency and affinity than that of the wild-type enzyme.

The reaction only required mixing of the enzyme, ferulic acid, and air (molecular oxygen), at room temperature, making it a simple, sustainable, and economically scalable process. Furthermore, the molecularly evolved enzyme also exhibited conversion activity towards p-coumaric acid and sinapic acid, which are compounds obtained from the degradation of lignin--a common agricultural waste product.


																																			So far, no microbial or plant-derived enzymes have exhibited the ability to convert ferulic acid to vanillin at an industrial scale. Therefore, the enzyme developed in the current study shows considerable potential for enabling the commercial and economically viable production of natural vanillin.

Explaining the long-term implications of their research, Prof. Furuya states, "Harnessing the potential of microorganisms and enzymes to derive valuable compounds under mild conditions from renewable plant-based resources, offers a sustainable approach to minimizing environmental footprint.

"Presently, in collaboration with a company, our research endeavors focus on achieving the real-world implementation of vanillin production through the utilization of the newly developed enzyme."



																																																					
																				
																						More information:
												Shizuka Fujimaki et al, Engineering a coenzyme-independent dioxygenase for one-step production of vanillin from ferulic acid, Applied and Environmental Microbiology (2024). DOI: 10.1128/aem.00233-24
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Study highlights pathoblockers as a future alternative to antibiotics

										

    
        
            [image: Pathoblockers, a future alternative to antibiotics?]
             
                Structure-based virtual screening for the identification of PLY inhibitors. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-47741-3
            
        

    


In most cases, antibiotics are a reliable form of protection against bacterial infections. They have saved billions of human lives since their introduction. This protection, however, is threatened by bacteria's resistance to classical antibiotics and by their aggressive pathogenicity.



										      
         
        
        
        

      

																					
Currently, 1 in 7 bacterial pneumonia patients in Germany die while hospitalized--despite the use of antibiotics. This amounts to about 30,000 people per year. The cause of death in these cases is often toxins released by the bacteria, which attack and ultimately destroy the cells of the infected person. Antibiotics do not protect against these bacterial toxins.

A study published in Nature Communications now raises hopes for new treatment options.

Researchers at Freie Universitat Berlin and Charite--Universitatsmedizin Berlin have succeeded in developing molecules that provide protection against the most common pneumonia-inducing pathogens. They are calling these molecules "pathoblockers." The novel substances do not kill the bacteria, but instead switch off the toxins they produce. Normally, these toxins attack the cell membrane of human cells during an infection, piercing small holes into them, thereby killing the cells.

"We have identified molecules that inactivate bacterial toxins even at low concentrations, rendering them harmless. By applying these compounds, we were able to show that it should be feasible to completely protect human lung cells," says Jorg Rademann, professor of pharmaceutical and medicinal chemistry at Freie Universitat Berlin and director of the research project.

In their paper, Rademann's group demonstrated that the new pathoblockers modify the bacterial toxins in such a way that they lose their aggressive toxicity. The researchers are continuing to investigate whether such novel pathoblockers might be applicable for clinical use in the future.



																														
																				
																						More information:
												Umer Bin Abdul Aziz et al, Targeted small molecule inhibitors blocking the cytolytic effects of pneumolysin and homologous toxins, Nature Communications (2024). DOI: 10.1038/s41467-024-47741-3
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Research identifies mechanism behind drug resistance in malaria parasite
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                Dihydroartemisinin (DHA), a metabolite of Artemisinin (ART), induces unique reprogramming of tRNA modifications in ART-resistant parasite lines, which influences the parasite's ability to develop resistance. Credit: Singapore-MIT Alliance for Research and Technology (SMART)
            
        

    


Collaborating researchers have discovered a link between malaria parasites' ability to develop resistance to antimalarial drugs--specifically artemisinin (ART)--through a cellular process called transfer ribonucleic acid (tRNA) modification. tRNA modification is a mechanism that allows cells to respond rapidly to stress by altering RNA molecules within a cell.



										      
         
        
        
        

      

																																	
This discovery advances the understanding of how malaria parasites respond to drug-induced stress and develop resistance and paves the way for the development of new drugs to combat resistance.

Malaria is a mosquito-borne disease that afflicted 249 million people and caused 608,000 deaths globally in 2022. ART-based combination therapies, which combine ART derivatives with a partner drug, are first-line treatments for patients with uncomplicated malaria.

The ART compound helps to reduce the number of parasites during the first three days of treatment, while the partner drug eliminates the remaining parasites. However, Plasmodium falciparum (P. falciparum), the deadliest species of Plasmodium that causes malaria in humans, is developing partial resistance to ART. This partial resistance is widespread across Southeast Asia and has now been detected in Africa.

In a paper titled "tRNA modification reprogramming contributes to artemisinin resistance in Plasmodium falciparum", published in Nature Microbiology, researchers from the Antimicrobial Resistance Interdisciplinary Research Group at Singapore-MIT Alliance for Research and Technology (SMART), MIT's research enterprise in Singapore, in collaboration with Massachusetts Institute of Technology (MIT), Columbia University Irving Medical Center, and Nanyang Technological University, Singapore, document the novel discovery--a change in a single tRNA, a small RNA molecule that is involved in translating genetic information from RNA to protein, provides the malaria parasite with the ability to overcome drug stress.


																																						
    
     




																																			The study describes how tRNA modification can alter the parasite's response to ART and help it survive ART-induced stress by changing its protein expression profile, making the parasite more resistant to the drug. ART partial resistance causes a delay in the eradication of malaria parasites following treatment with ART-based combination therapies, making these therapies less effective and susceptible to treatment failure.

"Malaria's growing drug resistance to artemisinin, the current last-line antimalarial drug, is a global crisis that demands new strategies and therapeutics. The mechanisms behind this resistance are complex and multifaceted, but our study reveals a critical link. We found that the parasite's ability to survive a lethal dose of artemisinin is linked to the downregulation of a specific tRNA modification. This discovery paves the way for new strategies to combat this growing global threat," said Jennifer L. Small-Saunders, Assistant Professor of Medicine in the Division of Infectious Diseases at CUIMC and first author of the paper.

The researchers investigated the role of epitranscriptomics--the study of RNA modifications within a cell--in influencing drug resistance in malaria by leveraging the advanced technology and techniques for epitranscriptomic analysis developed at SMART. This involves isolating the RNA of interest, tRNA, and using mass spectrometry to identify the different modifications present.

They isolated and compared the drug-sensitive and drug-resistant malaria parasites, some of which were treated with ART and others left untreated as controls. The analysis revealed changes in the tRNA modifications of drug-resistant parasites, and these modifications were linked to the increased or decreased translation of specific genes in the parasites.


																																			The altered translation process was found to be the underlying mechanism for the observed increase in drug resistance. This discovery also expands our understanding of how microbes and cancer cells exploit the normal function of RNA modifications to thwart the toxic effects of drugs and other therapeutics.

"Our research, the first of its kind, shows how tRNA modification directly influences the parasite's resistance to ART, highlighting the potential impact of RNA modifications on both disease and health. While RNA modifications have been around for decades, their role in regulating cellular processes is an emerging field. Our findings highlight the importance of RNA modifications for the research community and the broader significance of tRNA modifications in regulating gene expression," said Peter Dedon, Co-Lead Principal Investigator at SMART AMR, Professor at MIT and one of the authors of the paper.

"At SMART AMR, we're at the forefront of exploring epitranscriptomics in infectious diseases and antimicrobial resistance. Epitranscriptomics is an emerging field in malaria research and plays a crucial role in how malaria parasites develop and respond to stress," said Peter Preiser, Co-Lead Principal Investigator at SMART AMR, Professor of Molecular Genetics & Cell Biology at NTU Singapore and one of the authors of the paper.

"This discovery reveals how drug-resistant parasites exploit epitranscriptomic stress response mechanisms for survival, which is particularly important for understanding parasite biology."

The research sets the foundation for the development of better tools to study RNA modifications and their role in resistance while simultaneously opening new avenues for drug development. RNA-modifying enzymes, especially those linked to resistance, are currently understudied, and they are attractive targets for the development of new and more effective drugs and therapies.

By hindering the parasite's ability to manipulate these modifications, drug resistance can be prevented from arising. Researchers at SMART AMR are actively pursuing the discovery and development of small molecule and biological therapeutics that target RNA modifications in viruses, bacteria, parasites, and cancer.
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												Jennifer L. Small-Saunders et al, tRNA modification reprogramming contributes to artemisinin resistance in Plasmodium falciparum, Nature Microbiology (2024). DOI: 10.1038/s41564-024-01664-3
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                An acoel is a marine worm with symbiotic algae that is capable of regeneration. The red parts in the image are algae, the blue and green parts are animal cells. Credit: Dania Nanes Sarfati
            
        

    


Many organisms are far more complex than just a single species. Humans, for example, are full of a variety of microbes. Some creatures have even more special connections, though.



										      
         
        
        
        

      

																																	
Acoels, unique marine worms that regenerate their bodies after injury, can form symbiotic relationships with photosynthetic algae that live inside them. These collections of symbiotic organisms are called a holobiont, and the ways that they "talk" to each other are something scientists are trying to understand--especially when the species in question are an animal and a solar-powered microbe.

Bo Wang, assistant professor of bioengineering in the Schools of Engineering and of Medicine at Stanford, has started to find some answers. His lab, in conjunction with the University of San Francisco, studies Convolutriloba longifissura, a species of acoel that hosts the symbiotic algae Tetraselmis.

According to new research, published in Nature Communications, the researchers found that, when C. longifissura regenerates, a genetic factor that takes part in the acoel regeneration also controls how the algae inside of them reacts.

"We don't know yet how these species talk to each other or what the messengers are. But this shows their gene networks are connected," said Wang, who is a senior author of the paper.



    
    
    
        
        
    
         
             
         

          

Splitting worms

Because holobiont is a relatively new concept, scientists still aren't sure what the nature of some relationships are. The odd name "acoel" is Greek for "no gut," as the worms have no stomach to speak of. Instead, all things that they eat go directly into their internal tissues--which is also where algae float, photosynthesizing inside their bodies. This relationship provides a safe zone for the algae and extra energy from photosynthesis to the acoel.


																																						
    
     




																																			"There was no guarantee that there was communication because the algae are not within the acoel's cells, they're floating around them," says James Sikes, a researcher at the University of San Francisco and co-senior author of the paper. Sikes has been working with acoels for about 20 years, and their symbiotic relationship differentiates them from other animals that regenerate, like planarian flatworms and axolotls.

When these acoels reproduce asexually, they first bisect themselves. The head region grows a tail and becomes a new acoel. The tail, however, acts like the mythological Hydra and grows two new heads, which, then, split into two separate animals.

Animal regeneration requires communication across many different cell types, but in this case, it may also involve another organism entirely.

Researchers were curious about how the algal colonies inside reacted to this process--in particular, whether they continued to photosynthesize as normal, and if not, what was controlling that? This was especially puzzling as the team found that photosynthesis wasn't required for acoels to regenerate--they could do it in the dark. But there has to be conversation between the species for their long-term survival.

"Testing if photosynthesis was affected was an adventure. None of us knew what we were doing," says Dania Nanes Sarfati, lead author of the paper, who was a doctoral student in Wang's lab and Stanford Bio-X Bowes Fellow. "One of the most exciting things was that we could actually measure algal photosynthesis happening inside the animal."

In addition, through sequencing, the team was able to differentiate the genes of the two species and figure out which pathways were responding to injury. These measurements helped them realize that the algae inside were undergoing a major reconstruction of their photosynthetic machinery during the regeneration--but the process by which it was being controlled was shocking.


																																			The role of 'runt'

When the results came back, Wang said the unpredictable happened. During regeneration, both the acoel's regrowth and the algal photosynthesis appeared to be controlled by a common transcription factor in acoels called "runt."

In the early stage, right after injury, "runt" is activated, kicking off the regeneration process. Meanwhile, algal photosynthesis drops off, but there is an upregulation in algal genes associated with photosynthesis--likely to compensate for the loss in photosynthesis due to the split. However, when the researchers knocked down "runt," it halted both regeneration and the algal responses.

What's special about runt is that it's highly conserved, meaning the same factor is responsible for regeneration in many different organisms, including non-symbiotic acoels. But now it's clear that instead of just controlling the acoel's regenerative process, it also controls the communication with another species.

How holobionts communicate

Understanding how partners in symbiotic relationships communicate at the molecular level opens up many new questions for this field of research. "Are there rules of symbiosis? Do they exist?" said Nanes Sarfati. "This research sparks these kinds of questions, which we can link to other organisms."

Wang believes it introduces more ways of investigating how symbiotic species interact and couple with each other to form holobionts. Some of these interactions could be potentially driven by chemicals, proteins, or environmental factors. But more concerningly, these interactions are now becoming vulnerable points under the challenge of climate change, causing symbiotic partners to separate.

Sikes highlighted that he, Wang, and Nanes Sarfati all began from the animal side of the symbiotic relationship but realized that algae respond to host injury as well, potentially sparking similar questions in other systems.

"We often assume we know a lot, but we're humbled when we look at different species," Wang said. "They can do things in completely unexpected ways, which highlights the need to study more organisms and is becoming possible with technology."
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												Dania Nanes Sarfati et al, Coordinated wound responses in a regenerative animal-algal holobiont, Nature Communications (2024). DOI: 10.1038/s41467-024-48366-2
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How saber-toothed tigers acquired their long upper canine teeth
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                Example of the morphological variation observed in the cranium of felids and nirmavids with species exhibiting both short and long upper canines. Credit: Narimane Chatar / University of Liege
            
        

    


An international team led by scientists from the University of Liege has investigated the evolutionary patterns behind the development of saber teeth, with some unexpected results along the way. Their study has been published in the journal Current Biology.



										      
         
        
        
        

      

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

Narimane Chatar, lead author of the study, who completed her doctorate at the EDDy Lab at the University of Liege and is now a post-doctoral fellow at UC Berkeley in the United States, has led an ambitious study to uncover the secrets of saber tooth evolution. Using state-of-the-art 3D scanners and analytical methods, the team meticulously collected and analyzed data from a diverse set of current and extinct species.

"We quantified the shape of 99 mandibles and 91 skulls, from different eras and continents, giving us a better understanding of the evolution of these animals," explains Dr. Chatar.

"Unlocking the secrets of saber tooth evolution not only enriches our understanding of the Earth's past, but also documents the mechanisms leading to evolutionary convergence," says Professor Valentin Fischer, Director of the EDDyLab at ULiege.
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                Skull and mandible of Eusmilus sicarius, a saber-toothed nimravid scanned at Yale University Museum (Yale Paebody Museum, New Haven, U.S.). Credit: N.Chatar/Universite de Liege
            
        

    



The study revealed some surprising results. The first is that rather than contrasting two distinct cranial morphologies in species with elongated upper canines and those with short teeth, there is instead a continuum of form linking the smallest present-day cats and their extinct saber-toothed counterparts.


																																						
    
     




																																			"From a morphological point of view, the skull of a present-day small cat is just as strange and modified as that of a large saber-toothed felid," says Dr. Margot Michaud, a researcher at the University of French Guyana in Cayenne. These are therefore the two extremes of a continuum of forms that feline predators have seen evolve over geological time.

"Our study suggests that what we often think of as examples of evolutionary patterns in textbooks are actually simplified for educational purposes. However, when we immerse ourselves in statistical analyses, we discover much more complex scenarios in these cases, as suggested by the results of our convergence tests," explains Davide Tamagnini, post-doctoral researcher at the University of Rome La Sapienza.

The second surprise concerns the path taken by evolution to produce saber-toothed species. In fact, the team's work has revealed that saber-toothed species show faster rates of morphological evolution at the start of their evolutionary history than species with shorter canines.

"Among other fascinating discoveries, we have shown that craniomandibular integration in saber-toothed species is reduced, facilitating greater adaptability and diversification in the jaw and cranial morphology," points out Margot Michaud.

Thus, rapid morphological diversification and a fairly plastic skull have been identified as two key components that facilitated the emergence of elongated upper canines in both felids and nimravids. "As a result, there appears to be a common recipe for evolving into saber-toothed feline-like predators," says Dr. Chatar.


																																			Finally, the team's research highlighted the decline of saber-toothed forms as well as the broader trends of feline-like predators over the course of their evolutionary history. Despite the relatively recent extinction of saber-toothed forms 'only' a few thousand years ago, feline predators have in fact been in decline since the Miocene epoch (between 23 and 5 million years ago).

"Some of these feline predators, particularly the saber-toothed species, rapidly occupied fairly specialized niches, which made them more susceptible to extinction," explains Dr. Tamagnini.

This phenomenon, known as 'ratchet' or macroevolutionary ratchet, has been proposed as a potential driver for the decline of certain groups, where evolution favors the loss of early generalized forms, leading to the emergence of more specialized, but also more vulnerable, forms later in the history of the lineage.

"Predators have their own evolutionary pathways and risks of extinction. Studying how ancient predators prospered and declined provides us with information about the possible futures of our ecosystems," concludes Professor Fischer.


																																																					
																				
																						More information:
												Evolutionary patterns of cat-like carnivorans unveils drivers of the sabertoothed morphology, Current Biology (2024). DOI: 10.1016/j.cub.2024.04.05
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Researchers uncover how jelly sea creatures might shape modern robotics
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                Morphology and swimming postures of the salp Iasis cylindrica. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adm9511
            
        

    


Scientists at the University of Oregon have discovered that colonies of gelatinous sea animals swim through the ocean in giant corkscrew shapes using coordinated jet propulsion, an unusual kind of locomotion that could inspire new designs for efficient underwater vehicles.



										      
         
        
        
        

      

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

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

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

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


																																						
    
     




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

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

Exploring off the coast of Kailua-Kona, Hawaii, Sutherland and her team developed specialized 3D camera systems to bring their lab underwater. They conducted daytime scuba dives, "immersed in infinite blue," as Damian-Serrano described, for high visibility investigations.
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                Three-dimensional colony architecture of Iasis cylindrica. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adm9511
            
        

    



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

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

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


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

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

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

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

"It's a study that opens up more questions than provides answers," Sutherland said. "There's this new way of swimming that hadn't been described before, and when we started the study we sought to explain how it works. But we found that there are a lot more open questions, like what are the advantages of swimming this way? How many different organisms spin or corkscrew?"



																																																					
																				
																						More information:
												Kelly R. Sutherland et al, Spinning and corkscrewing of oceanic macroplankton revealed through in situ imaging, Science Advances (2024). DOI: 10.1126/sciadv.adm9511
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A spider silk sound system: Webs match acoustic particle velocity for long-distance sound detection

										

    
        
            [image: Spider silk sound system #ASA186]
             
                Larinioides sclopetarius, commonly known as bridge spiders, helped researchers from Binghamton University investigate how spiders listen to their environments through webs as a way to inspire future designs for microphones that would also be able to respond to sound-driven airflow. Credit: Junpeng Lai
            
        

    


The best microphone in the world might have an unexpected source: spider silk. Spiders weave webs to trap their insect snacks, but the sticky strands also help spiders hear.



										      
         
        
        
        

      

																																	
Unlike human eardrums and conventional microphones that detect sound pressure waves, spider silk responds to changes in the velocities of air particles as they are thrust about by a sound field. This sound velocity detection method remains largely underexplored compared to pressure sensing, but it holds great potential for high-sensitivity, long-distance sound detection.

Researchers from Binghamton University investigated how spiders listen to their environments through webs. They found the webs match the acoustic particle velocity for a wide range of sound frequencies. Ronald Miles presented their work May 16 at a joint meeting of the Acoustical Society of America and the Canadian Acoustical Association, held May 13-17 at the Shaw Center located in downtown Ottawa, Ontario, Canada.

"Most insects that can hear sound use fine hairs or their antennae, which don't respond to sound pressure," said Miles, a professor of mechanical engineering.

"Instead, these thin structures respond to the motion of the air in a sound field. I wondered how to make an engineered device that would also be able to respond to sound-driven airflow. We tried various man-made fibers that were very thin, but they were also very fragile and difficult to work with. Then, Dr. Jian Zhou was walking in our campus nature preserve and saw a spiderweb blowing in the breeze. He thought spider silk might be a great thing to try."


																																						
    
     




																																			Before building such a device, the team had to prove spiderwebs truly responded to sound-driven airflow. To test this hypothesis, they simply opened their lab windows to observe the Larinioides sclopetarius, or bridge spiders, that call the windowsills home. They played sound ranging from 1 Hz to 50 kHz for the spiders and measured the spider silk motion with a laser vibrometer.

They found the sound-induced velocity of the silk was the same as the particles in the air surrounding it, confirming the mechanism that these spiders use to detect their prey.

"Because spider silk is, of course, created by spiders, it isn't practical to incorporate it into the billions of microphones that are made each year," said Miles. "It does, however, teach us a lot about what mechanical properties are desirable in a microphone and may inspire entirely new designs."
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                Volcanic ash and mollusc shells surround a deep-sea hydrothermal vent at the vent field in the Kingdom of Tonga, Pacific Ocean. URI researchers had a unique opportunity to study the biology of the organisms living at the site of a volcanic eruption in the southern Pacific, able to see how life there is impacted by dramatic environmental change, whether natural (volcanic activity) or human (deep-sea mining). Credit: Roxanne Beinart, chief scientist, URI. Funder: NSF Woods Hole Oceanographic Institution.
            
        

    


A University of Rhode Island oceanographer leading her first research cruise in the southern Pacific uncovered a surprise when her vessel looked below the waters in the Polynesian nation of Tonga.



										      
         
        
        
        

      

																																	
While there in 2022 to research underwater biology living around deep-sea hot springs in the region, Roxanne Beinart, a professor in the URI's Graduate School of Oceanography, learned that the entire local ocean floor around the area was blanketed in ash due to the Hunga volcano eruption which had happened just a few months before, decimating the animal populations living there.

Beinart, a microbiologist, normally focuses on miniscule microbes and creatures that are hand-size. Suddenly, her scope of focus was field size and she was getting a primer in volcanic activity when she found her site of study covered in ash from the volcano's eruption, even 1.5 miles underwater.

Eruptive activity at the Hunga volcano began in December 2021, ending with a record-breaking explosion that sent a plume of material as high as 36 miles in January 2022. The impact of the eruptions were felt up to 50 miles away, with waves traveling even further, as far as South America and California. Beinart visited the sites just three months later, in April of 2022.

While scientists analyzed the impact of the eruption at sea level and around the world, Beinart had sailed to the area on a long-delayed research expedition. That April, Beinart's team conducted a series of remotely operated vehicle dives at six hydrothermal vent fields in the Lau basin.


																																						
    
     




																																			Beinart summarized her findings in a paper published in Communications Earth and Environment.

Although mass mortality of marine animals due to volcanic ash deposition has been seen before--in fossil form--it's rarely been documented in real time. Beinart and her team gathered video footage to gain insight into ash deposits on the seafloor.

With explosive force estimated to surpass an atomic bomb, endangered and vulnerable species living on the volcano's underwater hydrothermal vents (deep-sea hot springs) stood little chance of survival. Populations of mussels and snails had previously thrived at the site but were extinguished by the resulting ash blanketing the region. Other animals, like crabs and shrimp, seemed to do fine, surprisingly.

The foundation species living on the vents rely on bacteria for the bulk of their nutrition and simply could not survive in the suddenly changed and altered environment. After the eruption, the active vent field (Tow Cam) with the greatest ash deposit, which in some places was almost five feet deep was almost completely devoid of life; empty snail and mussel shells littered the area.

Further observations of the impacted vent fields can expand scientists' knowledge of natural disturbance in such ecosystems and the mechanisms by which such systems recover, Beinart said. Such observations will yield important insights on the resiliency of deep-sea ecosystems.


																																			The microbial world

The microbes Beinart studies exist just about everywhere--on us, in our guts' microbiome, in the natural world, in the ocean. She has made oceanic microbes her focus.

"The interaction of the animal and the bacteria fascinates me," she says. "It's a cool relationship."

Beinart's work could have taken her in many directions, but she made her way to the marine world and ultimately to URI's Graduate School of Oceanography to explore microbes in the marine environment.

The deep sea environment is one most people never see, and she still gets a charge out of uncovering its depths: "I often think it's like an alien world. It's exciting to be a part of. You feel like you're visiting another planet."

Voyage fulfilled

This research voyage was a long time in coming, Beinart says. The original expedition to the Pacific was rescheduled from the start of COVID-19 pandemic, delayed from its initial scheduled sailing in April 2020.

When the eruption happened, she had a unique opportunity to study the biology of the organisms living at the site, to see how they'd react to dramatic environmental change.

The ash she discovered blanketing the research field was a surprise, not something she normally sees in her study of deep-sea ecosystems. The ash covered the area, almost like underwater snow. With the unexpected addition of such an unusual element in their research environment, and so much of it, the ship's biology team had to quickly determine the best way to study it.


																																						
    
     




																																			"We had to figure things out on the spot," says Beinart, noting researchers are used to adapting quickly on ships.

"There's a lot of thinking on the fly in the research ship environment, whether you're dealing with weather delays or technical problems. There is a lot of working in the moment. It's one of the things I like most about this kind of oceanographic research. It's a bit of an adrenaline rush, and a real team effort with this kind of science, really all-on-board creative thinking."

Beinart said she was grateful for good internet connectivity, so she could consult with colleagues like GSO's Adam Soule and Katie Kelley. Beinart also pulled in Andrew Davies, who specializes in special video analysis, to help analyze the images she gathered.

While devastating, the eruption was an all-natural occurrence, so there was some consolation that this was not a man-made event, Beinart said. But it was still hard to see.

"Having gotten to know this part of the world, the devastation was heartbreaking to witness, even if it was a natural event," Beinart says. "This huge, dense ecosystem was almost entirely gone. There was just complete devastation."

She has no idea how the organisms there will fare when they return on their next expedition to the region. At that time, she'll be able to see how the ash has changed over time and what the recovery process looks like.

Beinart says study of the region is important for understanding the natural disturbance of marine ecosystems and predicting the effects of human-caused disturbances like deep-sea mining on these unique seafloor habitats.
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Researchers discover new family of bacteria with high pharmaceutical potential
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                Microscopic image of a colony of Pendulispora rubella. Credit: Ronald Garcia/HIPS
            
        

    


Most antibiotics used in human medicine originate from natural products derived from bacteria and other microbes. Novel microorganisms are therefore a promising source of new active compounds, also for the treatment of diseases such as cancer or viral infections.



										      
         
        
        
        

      

																																	
A team from the Helmholtz Institute for Pharmaceutical Research Saarland (HIPS) has now been able to isolate a completely new family of bacteria that has a particularly high potential for the production of active substances.

The researchers have published their findings in the journal Chem.

It is long known that bacterial pathogens are increasingly developing resistance to pharmaceutical agents. Nevertheless, since the 1980s, no new active ingredient has been discovered that can combat resistance in gram-negative pathogens in the long term. In addition to economic factors, this is due to the fact that the search for new antibiotics is extremely difficult.

Researchers at the HIPS are focusing on the previously little-studied myxobacteria as a source of new active substances. These predatory bacteria produce antimicrobial agents to prey on other microorganisms and use them as a source of nutrients.

A team led by HIPS department head Prof. Rolf Muller has now succeeded in isolating a previously unknown family of myxobacteria that has particularly high biosynthetic and therefore also pharmaceutical potential. The HIPS is a site of the Helmholtz Center for Infection Research (HZI) in collaboration with Saarland University.
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                Credit: Chem (2024). DOI: 10.1016/j.chempr.2024.04.019
            
        

    



Until now, the order of myxobacteria consisted of seven families--with the four representatives of the newly isolated Pendulisporaceae, the eighth family has now been added. The new strains were found in soil samples from the Philippines and Zambia. The Pendulisporaceae differ morphologically from all previously known myxobacteria and are characterized by a sporulation behavior that researchers previously knew from another genus of bacteria, the streptomycetes.


																																						
    
     




																																			Dr. Ronald Garcia, senior microbiologist from the Department of Microbial Natural Products at HIPS says, "The Pendulisporaceae show morphological features of streptomycetes, but phylogenetically they clearly belong to the myxobacteria. This combination is unique and we hope to learn a lot more about the complex lifestyle of myxobacteria from this family."

Using genetic analyses, the researchers also discovered that the new bacterial family has enormous potential for the production of natural products: The discovery of the Pendulisporaceae increased the number of known genetic blueprints (so-called biosynthetic gene clusters) for natural products from myxobacteria by as much as 9%.

"Natural products are a promising starting point for the development of numerous therapeutics. In the field of antibiotics, more than 70% of all approved active substances are natural products or derivatives thereof," says Muller, Scientific Director and Head of the Department of Microbial Natural Products at HIPS.

"We have already been able to isolate exciting molecules from the isolated representatives of the Pendulisporaceae that we have never seen before--we are very excited to see what else this family has to offer us."

Some of the molecules found in the current study show good activity against bacterial and fungal pathogens as well as antiviral properties in laboratory tests. In the coming years, the Pendulisporaceae and the natural products they harbor will be further researched at the HIPS and new drug candidates will be identified.

The chances of this are good: 98% of the gene cluster families found in the new strains are natural product blueprints that are not yet available in public databases.
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												Ronald Garcia et al, Discovery of the Pendulisporaceae: An extremotolerant myxobacterial family with distinct sporulation behavior and prolific specialized metabolism, Chem (2024). DOI: 10.1016/j.chempr.2024.04.019
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                Georgia Tech researchers surveying field sites in the salt marshes of Sapelo Island, Georgia. Credit: Georgia Institute of Technology
            
        

    


Georgia's saltwater marshes--living where the land meets the ocean--stretch along the state's entire 100-mile coastline. These rich ecosystems are largely dominated by just one plant: grass.



										      
         
        
        
        

      

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

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

The team's work was published in Nature Communications.

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


																																						
    
     




																																			"Just like humans have gut microbes that keep us healthy, plants depend on microbes in their tissues for health, immunity, metabolism, and nutrient uptake," Kostka said. "While we've known about the reactions that drive nutrient and carbon cycling in the marsh for a long time, there's not as much data on the role of microbes in ecosystem functioning."
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                Georgia Tech postdoctoral fellow Jose Rolando (right) and graduate student Gabrielle Krueger prepare samples for chemical analysis in the field at Sapelo Island, Georgia. Credit: Georgia Institute of Technology
            
        

    



Out in the marsh

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

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


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

Next, they used a special technique involving heavier versions of chemical elements that occur in nature as tracers to track the microbial processes. They also analyzed the DNA and RNA of the microbes living in different compartments of the plants.
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                Joel Kostka, the Tom and Marie Patton Distinguished Professor and associate chair for Research in the School of Biological Sciences. Credit: Georgia Institute of Technology
            
        

    



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

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

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


																																						
    
     




																																			Local to global significance

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

    



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

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

"Science follows technology, and we were excited to use the latest genomic methods to see which types of bacteria were there and active," Kostka said. "There's still much to learn about the intricate relationships between plants and microbes in coastal ecosystems, and we are beginning to uncover the extent of the microbial complexity that keeps marshes healthy."
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Science is making anti-aging progress. But do we want to live forever?

										 by Anne J. Manning, 										 										 Harvard Gazette									
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Mayflies live for only a day. Galapagos tortoises can reach up to age 170. The Greenland shark holds the world record at over 400 years of life.



										      
         
        
        
        

      

																																	
Venki Ramakrishnan, Nobel laureate and author of the newly released book "Why We Die: The New Science of Aging and the Quest for Immortality," opened his packed Harvard Science Book Talk last week by noting the vast variabilities of lifespans across the natural world.

Death is certain, so far as we know. But there's no physical or chemical law that says it must happen at a fixed time, which raises other, more philosophical issues.

The "why" behind these enormous swings, and the quest to harness longevity for humans, have driven fevered attempts (and billions of dollars in research spending) to slow or stop aging. Ramakrishnan's book is a dispassionate journey through current scientific understanding of aging and death, which basically comes down to an accumulation of chemical damage to molecules and cells.

"The question is whether we can tackle aging processes, while still keeping us who we are as humans," said Ramakrishnan during his conversation with Antonio Regalado, a writer for the MIT Technology Review. "And whether we can do that in a safe and effective way."

Even if immortality--or just living for a very, very long time--were theoretically possible through science, should we pursue it? Ramakrishnan likened the question to other moral ponderings.


																																						
    
     




																																			"There's no physical or chemical law that says we can't colonize other galaxies, or outer space, or even Mars," he said. "I would put it in that same category. And it would require huge breakthroughs, which we haven't made yet."

In fact, we're a lot closer to big breakthroughs when it comes to chasing immortality. Ramakrishnan noted the field is moving so fast that a book like his can capture but a snippet. He then took the audience on a brief tour of some of the major directions of aging research. And much of it, he said, started in unexpected places.

Take rapamycin, a drug first isolated in the 1960s from a bacterium on Easter Island found to have antifungal, immunosuppressant, and anticancer properties. Rapamycin targets the TOR pathway, a large molecular signaling cascade within cells that regulates many functions fundamental to life. Rapamycin has garnered renewed attention for its potential to reverse the aging process by targeting cellular signaling associated with physiological changes and diseases in older adults.

Other directions include mimicking the anti-aging effects of caloric restriction shown in mice, as well as one particularly exciting area called cellular reprogramming. That means taking fully developed cells and essentially turning back the clock on their development.

The most famous foundational experiment in this area was by Kyoto University scientist and Nobel laureate Shinya Yamanaka, who showed that just four transcription factors could revert an adult cell all the way back to a pluripotent stem cell, creating what are now known as induced pluripotent stem cells.


																																			Ramakrishnan, a scientist at England's MRC Laboratory of Molecular Biology, won the 2009 Nobel Prize in chemistry for uncovering the structure of the ribosome. He said he felt qualified to write the book because he has "no skin in the game" of aging research. As a molecular biologist who has studied fundamental processes of how cells make proteins, he had connections in the field but wasn't too close to any of it.

While researching the book, he took pains to avoid interviewing scientists with commercial ventures tied to aging.

The potential for conflicts of interest abound.

The world has seen an explosion in aging research in recent decades, with billions of dollars spent by government agencies and private companies. And the consumer market for products is forecast to hit $93 billion by 2027.

As a result, false or exaggerated claims by companies promising longer life are currently on the rise, Ramakrishnan noted. He shared one example: Supplements designed to lengthen a person's telomeres, or genetic segments that shrink with age, are available on Amazon.

"Of course, these are not FDA approved. There are no clinical trials, and it's not clear what their basis is," he said.

But still there appears to be some demand.
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      Technology

      Tech Xplore internet news portal provides the latest news on electronics, technology, and engineering.


      
        New research to make digital transactions quantum safe and 20 times faster
        A team of experts, including Monash University researchers, has developed a new technique to implement quantum-safe digital signatures twenty times faster, resulting in speedier and safer online transactions than ever before.

      

      
        How to repair US bridges without wreaking havoc on supply chains and commuters
        When the Francis Scott Key Bridge collapsed in Baltimore, it was a disaster not only for the sheer amount of destruction, but because the accident prevented access to one of the busiest ports in the U.S.

      

      
        NASA's X-59 passes milestone toward safe first flight
        NASA has taken the next step toward verifying the airworthiness for its quiet supersonic X-59 aircraft with the completion of a milestone review that will allow it to progress toward flight.

      

      
        AI-powered noise-filtering headphones give users the power to choose what to hear
        Noise-canceling headphones are a godsend for living and working in loud environments. They automatically identify background sounds and cancel them out for much-needed peace and quiet. However, typical noise-canceling fails to distinguish between unwanted background sounds and crucial information, leaving headphone users unaware of their surroundings.

      

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

      

      
        From silent dialogues to vivid memories--here's how the science of inner experience could transform gaming
        Video games are big business. The value of the global market is pushing the US$200 billion mark (PS158 billion): bigger than the music industry and Hollywood combined. But the gaming industry has also been facing challenges. The market is shrinking from its peak at the height of the pandemic, and there has been a rash of layoffs and studio closures.

      

      
        Ukraine war: Why the Russian army is still using morse code more than a century after its invention
        Modern warfare is awash with cutting-edge technology--from AI to drones to hypersonic missiles--yet one technology that is more than a century old is still proving its worth: Morse code.

      

      
        Why cheap renewables are stalling
        Last summer, the northern hemisphere was the hottest it has been for 2,000 years.

      

      
        What Honda's big electric vehicle announcement in Ontario really means
        In retrospect, the turnaround--and just how fast it happened--is difficult to believe.

      

      
        New advance in wireless communications could help precisely pinpoint the locations of people and objects
        Engineers from University of Glasgow and colleagues from the U.K. and Australia are behind a research breakthrough in a developing form of wireless communications could help precisely pinpoint the locations of people and objects indoors.

      

      
        Noise survey highlights flaws in existing methods to assess and mitigate airport noise impacts
        The COVID-19 pandemic changed life in many ways, including stopping nearly all commercial flights. At the Toronto Pearson International Airport, airplane traffic dropped by 80% in the first few months of lockdown. For a nearby group of researchers, this presented a unique opportunity.
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New research to make digital transactions quantum safe and 20 times faster
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A team of experts, including Monash University researchers, has developed a new technique to implement quantum-safe digital signatures twenty times faster, resulting in speedier and safer online transactions than ever before.


                                        
                                              
                                        
                                                                                                                                    
The research, published recently in IEEE Transactions on Parallel and Distributed Systems, is the first to develop a much faster way to implement Falcon--a post-quantum digital signature scheme--for graphic processing units (GPUs).

Co-author of the research and quantum-safe cryptography expert, Associate Professor Ron Steinfeld from Monash University's Faculty of Information Technology, said the world is increasingly moving toward quantum-safe computer systems and Falcon is one of the leading quantum-secure digital signature schemes approved by the the National Institute of Standards and Technology (NIST) in the United States.

"Falcon and other quantum-safe signature schemes are quite detailed and time-consuming algorithms to implement for GPUs," Associate Professor Steinfeld said.

"Through this research, we have successfully developed new techniques to solve the unique challenges of efficiently implementing Falcon on GPUs, resulting in 20 times faster generation of quantum-secure digital signatures compared to current state-of-the-art CPU implementations."

First author of the research and parallel implementation expert, Associate Professor Wai-Kong Lee from Universiti Tunku Abdul Rahman, said many researchers have been working on optimizing the practical performance of Falcon since its recent introduction as a NIST standard.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "Falcon is particularly hard to implement on GPUs compared to other NIST standardized signatures, due to its special signing process. This work is the first attempt to fill the research gap and hopes to stimulate more significant breakthroughs in implementing Falcon," Associate Professor Lee said.

Digital signatures are used widely across all GPUs and computer networks across the world to process and authenticate all types of digital transactions.

One of the research co-authors, Dr. Raymond Zhao from CSIRO, Australia' national science agency, said governments across the world are moving to standardize computer networks to safeguard against attacks for quantum computers in the future.

"In recent years, with the increased use of computers for various activities including e-commerce, consumption of all forms of media and the use of artificial intelligence, there has been a rising demand for better performing GPUs which typically handle more complex computational processes," Dr. Zhao said.

Dr. Zhao added that GPUs are usually used where huge amounts of data or transactions need to be processed on a daily basis.

"For example, in the case of e-commerce website Alibaba, we see around 583,000 orders per second during its peak time and online payments typically adopt digital signatures to secure the payments.

Assuming that it conducts two signature verifications for each transaction, in merely one second, the system needs to handle up to 583,000 signature generations and 1,166,000 verifications. This can be a very challenging task if all the signature generation and verification tasks are to be computed using only CPU, even for a very powerful server," Dr. Zhao explained.

"Accelerated generation of digital signatures would positively impact all online transactions, especially for e-commerce transactions and Internet of Things (IoT) because those applications need to process millions of digital signatures per second on the server side during the peak time."
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How to repair US bridges without wreaking havoc on supply chains and commuters
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When the Francis Scott Key Bridge collapsed in Baltimore, it was a disaster not only for the sheer amount of destruction, but because the accident prevented access to one of the busiest ports in the U.S.



                                        
                                              
                                        
                                                                                                                                    
It was a similar scenario in Rhode Island when the Washington Bridge was shut down suddenly in December due to structural deficiencies. The closure not only caused traffic delays, but heavily impacted local businesses. In Connecticut, a recent highway fire destroyed a bridge which led to temporary local schools closures due to the subsequent traffic.

Whether it's a closure from an accident or repairs, bridge shutdowns can cause a lot of issues for communities, and these traffic and economic headaches may be a preview of what's to come. Over a third of bridges in the United States need some kind of major repair or replacement, according to the American Road and Transportation Builders Association.

This means our infrastructure needs to become more resilient to deal with closures, said Serena Alexander, an associate professor in civil and environmental engineering and public policy and urban affairs at Northeastern University.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Alexander said recent investments in bridge and road maintenance--and transportation infrastructure--have helped, but there's still much work to be done.

"If you look at the numbers in recent years, you will see that the nation's share of bridges that are generally in poor condition is slowly improving," Alexander said. "But that said, we have so many old bridges and there needs to be a lot more of it to make a dent in kind of to get our transportation infrastructure into the state of good repair."

However, the country tends to avoid spending on maintenance, said Stephen Flynn, a professor of political science and founding director of the Global Resilience Institute at Northeastern University.

Flynn said that many small states, like Rhode Island, were able to build their current infrastructure under the New Deal--the 1930s public works program--but they haven't had the financial resources to maintain it.

The costs to make these fixes aren't small. The estimated cost to replace the Washington Bridge is now at $400 million, while the estimated price to rebuild the Frances Scott Key Bridge is between $1.7 billion and $1.9 billion. Connecticut will pay an estimated $20 million to replace the bridge lost in a fiery highway crash.


                                                                                                                                            Outside these accidents, ARBTA estimated in its 2023 report on the state of the nation's bridges that it would take over $319 billion to make needed repairs to other structures throughout the country. They further reported that states have committed $3.2 billion of funding from the Infrastructure Investment and Jobs Act to these repairs.

"We're like a generation who inherited our grandparents' mansion and we've refused to do the upkeep," Flynn said. "People drive by thinking it's a nice house, but the roof is leaking and the power and plumbing don't work. For almost four decades, we've basically been approaching maintaining infrastructure like it was on life support instead of making the kinds of investments required to keep it functioning and adapting to the demands that we increasingly put on it."

According to Alexander, the country needs a resilient transportation system that can not only absorb disturbances, like closures, and bounce back to its original state of functioning quickly, but one that can also withstand future problems. However, she said much of the country's infrastructure is built for efficiency, which means it can be more prone to collapse due to a lack of alternate routes in case one point of access fails.

"We have to bounce forward and what that means is that we have to build a transportation infrastructure system that is not only good now, but it is something that can stand climate impacts in the long run," Alexander said. "It's building a transportation infrastructure system that provides equitable access, an infrastructure system that addresses the issues that we had even before a disruption."


                                                                                                        
    
        
        
        
    

                                                                                                                                            But what does a resilient transportation system look like?

For one thing, Alexander said it's crucial to avoid building so there's only one way of accessing certain areas. A small island in Texas recently fell victim to this when a barge hit the bridge connecting it to the mainland. Similarly, part of the reason for destruction when wildfires hit California and Hawaii is because there was only one way in and out of the areas they affected.

Bridges can serve as a similar chokepoint.

"When a bridge fails or collapses, it kind of immediately disrupts the transportation network around it," Alexander said. "It can disrupt daily commutes. It can disrupt freight movements and therefore business supply chains and even emergency responses."

One way around this is diversifying modes of transportation available not only to people, but to companies moving goods as well, Alexander said. It's often trucks moving cargo that cause traffic when one mode of transportation goes out, so creating alternate routes can avoid future disasters.

Alexander said that adding alternative routes of transportation that don't require driving can also help our overall infrastructure, as can local jurisdictions working together to respond to transit emergencies.


                                                                                                                                            "A lot of the time, it's a question of how well they work together if something happens and that in and of itself can be the difference," Alexander said. "Investing in alternative modes of transportation and making sure we have adequate planning in place to be able to plan in advance and adapt."

But the biggest solution is investing in current infrastructure and approaching these investments with a proactive mindset. This has not happened on multiple levels of government, Alexander said. Many governments have avoided spending money on maintenance without understanding the long-term costs of doing so. This is now catching up to them.

"A lot of times people don't realize that doing nothing is not free," Alexander said. "It is also a policy choice. Sometimes we think if you do nothing, you're not spending any money, which in the short run might be correct. But if you're doing nothing, if you're not maintaining what you have, a lot of times it means you know you will end up spending a lot more."

Bridges should also be built so they don't have a single point failure, Flynn added. While the scenario in Baltimore was an accident, Flynn said it was the result of the bridge being built with a single point of failure. After a similar accident in Tampa Bay in 1980, that bridge was rebuilt with protective barriers around it.

"It was frustrating for me that (after Tampa) we didn't look around and see what other bridges are similarly critical that have that same single point of failure," Flynn said. "We've looked at this too much through the lens of (addressing) hazards. ... We need to invest in safeguarding and protecting."
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                                        by Jim Skeen,                                                                                 NASA
                                                                            

                                    
									    

    
        
            [image: NASA's X-59 passes milestone toward safe first flight]
             
                Artist illustration of the X-59 in flight over land. Credit: Lockheed Martin
            
        

    


NASA has taken the next step toward verifying the airworthiness for its quiet supersonic X-59 aircraft with the completion of a milestone review that will allow it to progress toward flight.


                                        
                                              
                                        
                                                                                                                                    A Flight Readiness Review board composed of independent experts from across NASA has completed a study of the X-59 project team's approach to safety for the public and staff during ground and flight testing. The review board looked in detail at the project team's analysis of potential hazards, focusing on safety and risk identification.

Flight Readiness Review is the first step in the flight approval process. The board's work will provide the X-59 team with insights and recommendations toward systems checkouts on the ground and first flight.

"It's not a pass-fail," said Cathy Bahm, NASA's Low Boom Flight Demonstrator project manager. "We'll be getting actions from the board and will work with them to resolve those and work toward the Airworthiness and Flight Safety Review."

NASA and prime contractor Lockheed Martin are developing the X-59 to reduce the sound of a sonic boom to a quieter "thump." The aircraft is at the center of NASA's Quesst mission, which will use it to gather data that could revolutionize air travel, potentially paving the way for a new generation of commercial aircraft that can travel faster than the speed of sound.

Commercial supersonic flight over land has been banned for more than 50 years because of the noise of sonic booms.
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                NASA and Lockheed Martin test pilots inspect the painted X-59 as it sits on the ramp at Lockheed Martin Skunk Works in Palmdale, California. The X-59 is the centerpiece of NASA's Quesst mission, which seeks to solve one of the major barriers to supersonic flight over land, currently banned in the United States, by making sonic booms quieter. Credit: NASA / Steve Freeman
            
        

    



X-59 team update

"The Flight Readiness Review focused on specific aspects of the X-59 team's work on the aircraft, but also served as an overview and update on the entire project," said Jay Brandon, chief engineer for the Low Boom Flight Demonstrator project.

"It gave us the opportunity to stop working for a minute and gather what we've done so we could tell our story, not just to the board, but to the whole project team," Brandon said.

With the Flight Readiness Review complete, the upcoming Airworthiness and Flight Safety Review will be the next safety milestone.

The Airworthiness and Flight Safety Review board includes senior leaders from several NASA centers and Lockheed Martin. It will review findings from the Flight Readiness Review, as well as the project team's response to those filings. The board will send a recommendation to NASA Armstrong Flight Research Center's director, who signs the airworthiness certificate.

Finally, the team will provide a technical brief to another review board based on test objectives, how the tests are being carried out, the risks involved, and the risk-mitigation actions the team has taken. The X-59 team would have to address any issues raised in the brief before the board, led by NASA Armstrong chief engineer Cynthia J. "CJ" Bixby, will sign a flight request.

"It's really an exciting time on the project," Bahm said. "It's not an easy road, but there's a finite set of activities that are in front of us."


                                                                                                        
    
        
        
        
    

                                                                                                                                            The path forward

There are significant steps to be completed before flights can begin. The X-59 team is preparing for upcoming major ground tests focused on systems integration engine runs, and electromagnetic interference.

The X-59 aircraft is a bold, new design, but many of its components are from well-established aircraft, including landing gear from an Air Force F-16 fighter, a cockpit canopy from a NASA T-38 trainer, and a control stick from an Air Force F-117 stealth fighter are among those parts.

"None of these systems have ever worked and played together before," said Brad Neal, chairman for the X-59 Airworthiness and Flight Safety Review board. "It's a brand-new thing that we are developing, even though they're components that have been on different legacy aircraft. As we get into integration testing here, it's going to be a great opportunity to learn."'
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AI-powered noise-filtering headphones give users the power to choose what to hear
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                Researchers augmented noise-canceling headphones with a smartphone-based neural network to identify ambient sounds and preserve them while filtering out everything else. Credit: Shyam Gollakota
            
        

    


Noise-canceling headphones are a godsend for living and working in loud environments. They automatically identify background sounds and cancel them out for much-needed peace and quiet. However, typical noise-canceling fails to distinguish between unwanted background sounds and crucial information, leaving headphone users unaware of their surroundings.


                                        
                                              
                                        
                                                                                                                                    
Shyam Gollakota, from the University of Washington, is an expert in using AI tools for real-time audio processing. His team created a system for targeted speech hearing in noisy environments and developed AI-based headphones that selectively filter out specific sounds while preserving others. He presents his work May 16, as part of a joint meeting of the Acoustical Society of America and the Canadian Acoustical Association, running May 13-17 at the Shaw Center located in downtown Ottawa, Ontario, Canada.

"Imagine you are in a park, admiring the sounds of chirping birds, but then you have the loud chatter of a nearby group of people who just can't stop talking," said Gollakota. "Now imagine if your headphones could grant you the ability to focus on the sounds of the birds while the rest of the noise just goes away. That is exactly what we set out to achieve with our system."

Gollakota and his team combined noise-canceling technology with a smartphone-based neural network trained to identify 20 different environmental sound categories. These include alarm clocks, crying babies, sirens, car horns, and birdsong. When a user selects one or more of these categories, the software identifies and plays those sounds through the headphones in real time while filtering out everything else.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Making this system work seamlessly was not an easy task, however.

"To achieve what we want, we first needed a high-level intelligence to identify all the different sounds in an environment," said Gollakota.

"Then, we needed to separate the target sounds from all the interfering noises. If this is not hard enough, whatever sounds we extracted needed to sync with the user's visual senses, since they cannot be hearing someone two seconds too late. This means the neural network algorithms must process sounds in real time in under a hundredth of a second, which is what we achieved."

The team employed this AI-powered approach to focus on human speech. Relying on similar content-aware techniques, their algorithm can identify a speaker and isolate their voice from ambient noise in real time for clearer conversations.

Gollakota is excited to be at the forefront of the next generation of audio devices.

"We have a very unique opportunity to create the future of intelligent hearables that can enhance human hearing capability and augment intelligence to make lives better," said Gollakota.
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Wind farms can offset their emissions within two years, new study shows
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After spinning for under two years, a wind farm can offset the carbon emissions generated across its entire 30-year lifespan, when compared to thermal power plants.


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

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

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

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

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


                                                                                                        
    
        
        
        
    

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

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

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

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

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

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


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

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

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

This study has some methodological limitations. First, it focuses only on the energy intensity and emissions throughout the life cycle of the wind farm, even though there are other environmental impacts, such as ozone depletion, human toxicity, acidification, eutrophication, and resource depletion. Social, wildlife, or economic impacts were also not considered.
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Video games are big business. The value of the global market is pushing the US$200 billion mark (PS158 billion): bigger than the music industry and Hollywood combined. But the gaming industry has also been facing challenges. The market is shrinking from its peak at the height of the pandemic, and there has been a rash of layoffs and studio closures.



                                        
                                              
                                        
                                                                                                                                    
In this uncertain environment, game developers are, more than ever, looking to create experiences that stay with their players. A great deal of effort goes into visual elements, including the appearance and overt behavior of characters, for example. But at the level of subjective experience, the inner worlds of gaming characters are not so often explored.

This is where the science comes in. My research over the last 30 years has been about inner experience: the things in our minds that we are conscious of, such as thoughts, memories, inner dialogue, visual imagery, feelings and emotions. Traditionally considered impossible to study because of its private nature, inner experience is becoming established as an important field of cognitive science. And it has the potential to transform gaming.

In so many ways, video games just keep getting better and better. With the shift toward mobile gaming, the question for studios has become less about how to persuade people to buy this product (they may be downloading it for free) but to keep coming back to it.

Graphics are becoming ever more vivid and lifelike. What studios are doing with audio design is stunning. The player feels they are actually there in that medieval village or that rainforest or on that spaceship traveling between galaxies. And yet a common criticism of many games is--still--that they are just like watching a film.


                                                                                                        
    
        
        
        
    

                                                                                                                                            That's a puzzle, because of how gaming, more than other media, creates so much potential for a truly interactive experience. You are not just watching that ship sailing across the galaxy; you are captaining it. You can choose your body shape and physical skills, and see them depicted there on the screen in astonishingly lifelike detail. But these qualities are mostly on the surface, at the level of appearance and overt behavior.

How could gaming go deeper into inner experience? Here's one example. Many people report having a silent, internal conversation with themselves for much of the time. Our research has shown that inner speech comes in several different forms and has varied functions in thinking, planning and emotion regulation. But when inner speech is depicted in video games, it tends to lack the qualities and variety that make the experience so different between people.

Another example is the kind of memory we have for the events of our own lives. Autobiographical memory can take different perspectives, vary in vividness and show a range of multisensory qualities. Memory does not work like a video camera, but instead brings together sights, sounds, smells and other kinds of information in a dynamic, endlessly shifting way. We are even beginning to understand how these different qualities of memory are realized in the brain.


                                                                                                                                            Opening the black box

Making a game is fundamentally about creating an experience--seeding an experience in the mind of its player.

When we do get to share a game character's inner experience, it tends to lack the variety and nuance that the science tells us is there: the different qualities of inner speech, the various features of memory and visual imagination. The inside of a game character's mind is often a black box.

There are of course exceptions to this rule. In Disco Elysium, for example, you can play with the main character's thoughts and mental attributes in an unusual way. This text-based game was, however, limited in what it could do to depict the subjective qualities of inner experience--the colorful pageant of the everyday mind.

To give an example of a game I consulted on, Hellblade is the multi-award-winning story of an eighth-century Pictish warrior, Senua, whose inner experience is distinctive in that she hears voices and has other unusual perceptions and beliefs. In the first game, Senua's Sacrifice, and in its just-about-to-be-released sequel, Senua's Saga, Senua experiences psychosis, and you as player share these experiences with her.

I think the gaming industry can only benefit from understanding inner experience better. What I hope we'll see is a more fluid, realistic, immersive gaming experience where the inner worlds of gaming characters live and breathe as much as their actions in the game world.


                                                                                                        
    
        
        
        
    

                                                                                                                                            As well as having the potential to create new, interesting and memorable takes on the gaming experience, this work has real-world implications for accessibility, mental health, neurodiversity and sensory inclusion.

In fact, our starting point is that there is no such thing as a "normal" mind--we are all different, and our own minds differ from moment to moment. Rather than just taking your own mind into the gaming experience, gaming provides an exhilarating opportunity to experience a different kind of mind while you are there.

Gaming has incredible potential to work for good. Most of all, it's not about some worthy educational ideal. Games are--and should be--about having fun. Beyond opening up creative possibilities for game developers and players, I believe that knowing more about our own inner experience can be helpful, restorative, even therapeutic. Gaming is a powerful way to push that ideal forward.
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Modern warfare is awash with cutting-edge technology--from AI to drones to hypersonic missiles--yet one technology that is more than a century old is still proving its worth: Morse code.



                                        
                                              
                                        
                                                                                                                                    
The staccato streams of tones that would be instantly recognizable to a railroad man from more than 150 years ago are still in use by the Russian military in the Ukraine war.

Even today, many people would be able to identify the characteristic sound of Morse code, in particular, the widely known pattern three short, three long, three short (...- - - ...), forming the emergency signal SOS.

Today Morse code messages are being sent from Russian bombers to their control centers, or from ships of the Baltic Fleet to their shore-based headquarters.

The shortwave bands used by amateur radio enthusiasts are similarly filled with the beeps known by enthusiasts as "dits" (.) and "dahs" (-), or as dots and dashes by the wider public. Even spies still tune in to the shortwave bands to listen to clandestine stations broadcasting Morse code.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Invented in the 1800s

Why then, is a technology created in the first half of the 1800s still in use today?

First, Morse code was envisioned not by an engineer or technological wizard, but by a man who painted portraits for a living. Samuel Morse initially designed what we today would call a teleprinter, a device that receives and prints text on paper.



    
    
    
        
        
    
         
             
         

        The sound of morse code.
  

Morse enlisted the help of the more mechanically inclined Alfred Vail, a machinist, to work out the details. It was the latter who created the dots and dashes to represent the code, and came up with the idea of using sound to convey information.

Initially, the sound was merely intended to be used to test a connection. Before long, Morse and Vail realized that the concept of printing was impractical. By adding sound, however, they had stumbled upon a concept more brilliant and useful than they could imagine.

The remarkable characteristic of Morse code is that in sound form, it forms a rhythm. Thus, it shares common ground with music. In fact, it has been noted that people with musical talent are able to start learning morse more quickly.


                                                                                                                                            By stimulating the innate human sense of rhythm, Morse code also activates our sense of pattern recognition. This is a skill deeply embedded in our brains, and one that has great potential to decipher messages even if they are incomplete.

An experienced Morse code operator can fill in the blanks caused by interference, poor reception, noise or equipment malfunction. In a neurological sense, morse inhabits a very peculiar niche, likened to "reading with the ears" but where transmitting and receiving it resembles the act of speaking more than writing.

The other remarkable aspect of Morse code is its technological simplicity. Anyone with basic technological skills can build their own transmitter using standard components.

The signal generated by a morse transmitter is similarly minimalistic, using an extremely narrow bandwidth of only 100-150 hertz (standard voice communications use 2,500-3,000 hertz). This also means that receivers can use very narrow filters and thus remove much of the surrounding noise generated by various forms of interference.



    
    
    
        
        
    
         
             
         

          

Since it is so effective, morse only needs a minimum of power to travel significant distances. Amateur radio enthusiasts demonstrated in 1956 that as little as 78 milliwatts can be enough power to transmit from Massachusetts to Denmark. This is less than a tenth of what a single LED lightbulb uses. A standard coffee maker preparing most people's favorite morning brew uses more than a thousand times more power.


                                                                                                        
    
        
        
        
    

                                                                                                                                            This combination of technological simplicity and efficiency came in handy during the second world war, when resistance members and Allied commandos used their portable Morse transceivers to maintain contact with London from deep inside German-occupied territory.

This was a very risky enterprise, since the Germans were constantly listening in on the airwaves. Morse code, while being unintelligible to the untrained ear, offers no security in and of itself.

Today, even those without training can use software to decipher the contents of a message sent using Morse code. However, any message can be made secure by encrypting it before sending it, as proposed by Vail in 1845.

In fact, one of the most secure forms of encryption, the one-time pad, requires nothing more than pen and paper. In essence, a one-time pad is a random string of characters, at least as long as the message that is going to be encrypted.

The sender uses his or her pad to encrypt, while the recipient uses a copy of the same pad to decode the message (there should be only two copies, and each should be destroyed immediately after use). As long as a pad is never reused, it remains theoretically unbreakable even with the most modern technology (although, truly random sequences of characters are difficult to produce).

While there are more efficient digital modes of communication today, nothing can rival the unsurpassed combination of simplicity and efficiency that has allowed Morse code to survive for more than 150 years.
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Last summer, the northern hemisphere was the hottest it has been for 2,000 years.


                                        
                                              
                                        
                                                                                                                                    
The warnings of climate scientists are at fever pitch: halt the burning of coal, oil and gas or risk catastrophic warming of at least 2.5degC. With solar and wind energy plentiful and supposedly cheap to harvest, why is ditching fossil fuel so hard anyway?

Renewable sources generate nearly a third of the world's electricity--and a handful of new studies suggest that rapidly decarbonizing the remainder is possible.

In fact, some evidence suggests the transition needn't be all that painful.

Shovels at the ready

"Over half of Africa's people--about 600 million--lack access to even the bare minimum of electricity," say Christiane Zarfl and Rebecca Peters, environmental systems analysts at the University of Tubingen.

"The tough question to answer is how access can be extended without adding to global warming by relying on fossil fuels."

When Zarfl and Peters analyzed publicly available data on hydro, solar and wind energy in Africa, they found that enough was in the pipeline in Nigeria and Zimbabwe to make fossil power obsolete in both countries by 2050.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Even more encouraging was their conclusion that 76% of Africa's power needs in 2040 could be met by renewables if existing plants work at full capacity and all planned projects are built.

The pair acknowledge that hydropower, Africa's leading renewable source to date, is not expected to turn a profit after 2030. Happily, wind and solar can make use of existing dams--with floating photovoltaic panels on reservoirs, for instance.

Solar and wind power can generate electricity on almost any surface sufficiently exposed to the elements (your roof could be a good candidate).

Andrew Blakers, a professor of engineering at Australian National University, calculated how much space was needed to build the panels, turbines and power lines necessary for decarbonizing Australia's electricity and was startled by the result.

"All we need is 1,200 square kilometers," he says.

"That's not much. The area devoted to agriculture is about 3,500 times larger at 4.2 million square kilometers. The area of land that would be taken away from agriculture works out at about 45 square meters per person--about the size of a large living room."

Renewable energy can be generated on land reserved for another purpose. Panels and turbines that are spaced out to maximize how much sun and wind each one catches offer room for crops to grow and livestock to graze, Blakers says.

The mix of shade and rainfall exposure created by solar panel arrays could even have ecological benefits according to Matthew Sturchio, a Ph.D. candidate in plant and ecosystem ecology at Colorado State University.

"In some cases, mixed conditions like these, with varying levels of light and water, can be a good thing. A well-tested concept in restoration ecology--the science of restoring damaged ecosystems--is that environments with more variety support more diverse mixes of plants and animals."


                                                                                                                                            Not so fast

If the technical barriers to zero-carbon power are falling then the economic ones appear more stubborn.

The growth of the US offshore wind industry, which began sending power to north-eastern states earlier this year, has stalled due to rising costs.

"Several big hitters, including Orsted, Equinor, BP and Avangrid, have cancelled contracts or sought to renegotiate them in recent months," says Christopher Niezrecki, director of the Center for Energy Innovation at UMass Lowell.

"Altogether, projects that had been cancelled by the end of 2023 were expected to total more than 12 gigawatts of power, representing more than half of the capacity in the project pipeline."

You've probably read how cheap it is to generate electricity from the sun and wind. These estimates tend to be averaged over the entire lifetime of a project, which may be 20 years for the average wind turbine.

This obscures how expensive (and laborious) it is to get approval for and build a solar or wind farm in the first place.

"One of the largest contributors to the cost of generating renewable energy is the upfront cost of raising investment," says Matteo Gasparini, a DPhil candidate in climate and finance at the University of Oxford.


                                                                                                        
    
        
        
        
    

                                                                                                                                            "Banks tend to lumber riskier investments with higher interest rates, and so these rules could make it more expensive to finance the construction of wind and solar farms."

Investors balk at putting their money into anything that might later be buffeted by unforeseen costs. According to Gasparini's research, European banks see renewables as a bigger liability on their balance sheets than fossil fuels.

"Our analysis showed that the average estimate of risk among EU banks for high-carbon sectors of the economy was 1.8%, compared with 3.4% for low-carbon sectors (calculated as Euros a bank expects to lose with each unit of lending)."

The transformation of our climate-damaging energy system doesn't have to be at the whim of banks and investors. If the fate of humanity is at stake, shouldn't people have more control over the process?

"Publicly owned systems for generating electricity could restore and expand the capacity for democratic control of a sector that provides a vital public benefit," argue Vera Weghmann and David Hall, researchers in public services at the University of Greenwich.

"After all, the job of the public sector is to serve public interest, so taxpayers' money doesn't get diverted to benefit private shareholders."
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In retrospect, the turnaround--and just how fast it happened--is difficult to believe.


                                        
                                              
                                        
                                                                                                                                    
In 2010, Ontario's economic future looked grim. Tied as it had been for more than a century to the automobile industry, the provincial economy was in freefall.

General Motors and Chrysler went bankrupt, dozens of plants were shuttered, and tens of thousands of well-paying auto jobs were lost along Ontario's automotive-producing zone from Windsor to Oshawa.

Ontario's auto sector, once the wellspring of the province's prosperity, looked to be in the process of an inevitable decline. It was, quite literally, a dinosaur industry seemingly destined to go the way of Australia's, which closed its last car plant in 2017.

Barely 15 years later, in April Honda announced a massive $15 billion investment into its Ontario facilities to build the firm's next generation of electric vehicles (EVs). This investment is, by quite a margin, the largest ever foreign direct expenditure in Canada.

Honda's decision capped a series of announced spending and investment initiatives (by both public and private interests) in Canada's auto sector since 2020 totalling over $50 billion. This is an astonishing figure that secures Ontario as the only jurisdiction on the planet boasting six major auto manufacturers, all rapidly transitioning towards the next generation of vehicles and the batteries to power them.

So, what just happened, and why? And what does it all mean?


                                                                                                        
    
        
        
        
    

                                                                                                                                            From internal combustion to EV

Much more than a simple manufacturing commitment, Honda Ontario's pivotal investment cements the province's place at the forefront of one of the greatest societal changes transforming North America and the world--the shift from an economy powered by the internal combustion engine (ICE) to an electrified, decarbonized and digitized future.

Henry Ford had led the automobile-driven second industrial revolution between 1910 and 1930. Starting in the 2010s, a digitized, decarbonized and roboticized Tesla profitably achieved mass EV production and helped to usher in the fourth industrial revolution, "Automotive 4.0."

In this new era, startups and established automakers alike have been helped along by massive United States (and Canadian) government support to foster the industry's EV transition. All this is in support of a simple goal of having all the benefits of automobility, without the emissions.

Already, many governments (including Canada and California) have mandated that 100 percent of new light vehicle sales will be zero emission by 2035. In 2024, about one in five new vehicle sales around the globe are electric, and in North America the industry has committed over $400 billion to meeting this goal.


                                                                                                                                            Ontario's EV transition

In Ontario, the speed and scale of the EV transition is dramatically evident. At the top line is the $5 billion Stellantis battery plant in Windsor and Volkswagen's $7 billion PowerCo. battery plant in St. Thomas--a location where Henry Ford once built police cars and taxicabs.



    
    
    
        
        
    
         
             
         

        Footage from the announcement of Honda's $15 billion investment in Ontario's automotive manufacturing sector.
  

Those announcements came on top of Ford's 2023 agreement to build EVs in Oakville (since delayed), while General Motors is already manufacturing BrightDrop EV trucks in Ingersoll.

Additional EV facilities are opening across the province, including at homegrown parts manufacturers, like Aurora's Magna. Almost overnight, Ontario has become an EV powerhouse.

Much of this new investment is driven by the equally massive subsidies and tax breaks that are being given to auto manufacturers, totalling well over $30 billion between the Ontario and federal government. Much of this spending has simply been to match the Biden administration's pro-EV Inflation Reduction Act subsidies.


                                                                                                        
    
        
        
        
    

                                                                                                                                            The Honda agreement provides $5 billion in support, but mostly through tax breaks as opposed to direct subsidies.

Unifor, the autoworkers union, has actively bargained for EV investment since the 2010s and helped to secure electrified production at Ford and GM.

The Automotive Parts Manufacturer's Association built the all-electric Project Arrow EV concept entirely from Canadian parts and know-how to show how manufacturers could source locally. Just as importantly, for car makers like Honda, Ontario's secure, zero-emission electrical grid helps considerably in meeting clean energy goals as they build and run their huge battery and EV plants.

Challenges still ahead

EV skeptics are in no short supply, emboldened by the size of taxpayer subsidies, the still-underdeveloped aspects of the Ontario mineral supply chain and the uncertainties of technology change.

The litany of doubts are well known.

Detractors say there are simply not enough rare minerals to make enough batteries or that Chinese manufacturers are already too far ahead, both in resource control and EV production (Chinese automaker BYD is bigger than Tesla).


                                                                                                                                            It is claimed that the electrical grid won't hold up, that EVs aren't better for the planet, that expanding ranges will never stem the anxiety and, ultimately, that people will refuse to switch to EVs.

Honda's announcement is something of a rejoinder, a clear tipping point that the future of automobility is electric, and that it can be successfully achieved in Ontario. The scale of Honda's EV commitment and its intention to build a comprehensive vehicle chain within Ontario (from minerals to final assembly) makes a bold statement, given the company's past successes.

Honda is most famous for its efficient ICE technology and if it sees an electric mobility future in Ontario, then you can bet that they're sure that it's pretty much already here.

So much so, in fact, that the government has recently launched a rather optimistic, futuristic television ad campaign boasting that the required mining, technology, workforce, supply chain and energy needs are all right here in Ontario and "all powered by one of the cleanest grids in North America."

It seems to have worked on Honda, and quite a few others. What a difference a decade and a half makes.
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New advance in wireless communications could help precisely pinpoint the locations of people and objects
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Engineers from University of Glasgow and colleagues from the U.K. and Australia are behind a research breakthrough in a developing form of wireless communications could help precisely pinpoint the locations of people and objects indoors.


                                        
                                              
                                        
                                                                                                                                    
Their work could have a wide range of future applications, from helping emergency services quickly find people trapped in smoke-filled buildings to offering device-assisted navigation through public spaces for blind and partially sighted people.

It could also help finally eliminate the need to move around indoors to find the best spot to make a mobile phone call.

In a new paper published in the journal Communications Engineering, the research team describe how they collaborated to improve the performance of an emerging wireless communication technology called Reconfigurable Intelligent Surfaces, or RIS.

RIS takes the form of flat surfaces which use programmable elements capable of manipulating electromagnetic waves, like the high-frequency signals of wireless communications, for a range of applications.

Sheets of RIS placed on walls and ceilings indoors can intercept wireless signals from outside and intelligently reflect, redirect and focus them as required to improve performance.

As RIS development progresses and the technology is integrated into existing 5G and future 6G communications networks, it could help solve a longstanding problem with the performance of more established positioning technologies like GPS.


                                                                                                        
    
        
        
        
    

                                                                                                                                            Professor Qammer Abbasi, of the University of Glasgow's James Watt School of Engineering, led the research and is the paper's corresponding author. He said, "While GPS works very well outdoors, helping us to use mapping apps to find our way efficiently on foot or in a vehicle, it works considerably less well in indoor environments. Positioning communication signals can be weakened by thick walls or interfered with by other electronic signals, reducing the accuracy of GPS.

"RIS has the potential to greatly improve active location-finding indoors. It can do that by being aware of the communications signals being sent and received from devices like mobile phones at any given time, which allows them to precisely locate the device and its user.

"That opens up a wide range of possible applications, including tapping into RIS' ability to focus signals to improve call quality by directing signals straight to mobile phones' antennae, no matter where their user moves indoors.

"Our research is an important step forward in fine-tuning RIS technology's ability to perform indoor localization tasks in future comms networks."

To explore and improve the technology's location-finding potential, they set up a 1.3m-square RIS containing 4,096 elements in a space at the University of Glasgow. They paired it with two devices called universal serial radio peripherals. One acted as a receiver of wireless signals and the other as a transmitter.

In the first phase of the experiment, the researchers configured the RIS' ability to reflect signals from the transmitter to the receiver effectively by steering the beam between nine different positions and sending test signals at each location.


                                                                                                                                            In the second phase, the team used a series of different machine learning algorithms to analyze the unique "fingerprints" of the RIS-optimized wireless signals at each location, testing which algorithm was capable of pinpointing the signals most accurately.

One algorithm clearly outperformed the others, proving itself capable of accurately determining the location of the receiver 82.4% of the time.

Dr. Syed Tariq Shah, first author of the paper, worked on the research at the University of Glasgow before moving to his current position in the University of Essex's School of Computer Science and Electronic Engineering.

Dr. Shah said, "This research shows that RIS can be used to shape and direct wireless signals in ways that have a lot of exciting future applications once RIS devices evolve and become more widely-adopted across communications networks.

"The system we've prototyped could help with to develop improved management of crowds of people carrying mobile phones at large public events, or enable warehouse managers to keep better track of stock tagged with wireless transmitters. It could be applied to any situation where active positioning of signals from wireless devices is required."

Professor Muhmmad Imran, leader of the University of Glasgow's Communications, Sensing and Imaging Hub, is another author of the paper. He said, "This work will be a major milestone for solving complex localization problems in indoor environments. This will be one of the added benefits of 6G communications networks in the years to come."
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Noise survey highlights flaws in existing methods to assess and mitigate airport noise impacts
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The COVID-19 pandemic changed life in many ways, including stopping nearly all commercial flights. At the Toronto Pearson International Airport, airplane traffic dropped by 80% in the first few months of lockdown. For a nearby group of researchers, this presented a unique opportunity.


                                        
                                              
                                        
                                                                                                                                    
Julia Jovanovic presented the results of a survey conducted on aircraft noise and annoyance during the pandemic era at a joint meeting of the Acoustical Society of America and the Canadian Acoustical Association, running May 13-17 at the Shaw Center located in downtown Ottawa, Ontario, Canada.

"For many years, researchers like me have looked to assess the impacts of aircraft noise on communities surrounding airports, particularly in terms of annoyance," said Jovanovic. "The travel restrictions due to COVID and the resulting sustained reductions in noise gave us an unprecedented opportunity to test the correlation between noise and annoyance."

In early 2020, the NVH-SQ Research Group out of the University of Windsor surveyed residents living around the airport to gauge how their annoyance levels changed with the reduction in noise. A follow-up survey in 2021 provided even more data for the researchers, and according to Jovanovic, they highlight flaws in the tools authorities use to assess and manage the impacts of aircraft noise on communities.

"The industry has, for too long, erroneously relied on noise complaints as a proxy measure for annoyance," said Jovanovic. "These surveys show that complaints and annoyance are different phenomena, triggered by different mechanisms. Only annoyance has a proven correlation to overall noise levels."


                                                                                                        
    
        
        
        
    

                                                                                                                                            According to their data, while noise complaints dropped overall during the pandemic, many of the people sending those complaints continued to do so, and some areas even saw an increase in complaints. This demonstrates the need for collecting survey data on annoyance specifically, something Canadian authorities overseeing air transport have been reluctant to do.

"Even though the annoyance metric draws much criticism due to its subjective nature, it is still indicative of the overall effect of aircraft noise on individuals and the resulting possible long-term health impacts," said Jovanovic. "These types of surveys are conducted in most developed nations on a regular basis. To the best of our knowledge, we are unaware of any similar efforts in any other Canadian airport."

Jovanovic and her colleagues hope these results will spur regulatory agencies to collect better data and use it to develop more updated standards and guidelines for protecting the public from aircraft noise and protecting the future of airport operations from continuous residential encroachment.

"The survey should be repeated around all of our nation's airports to get an accurate representation of the effects of aircraft noise on Canadian communities and update Transport Canada's severely outdated guidelines for the management of aircraft noise," said Jovanovic.
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