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      Nanotechnology

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


      
        New tool to detect protein-protein interactions could lead to promising avenues for gene therapy and other treatments
        SMU nanotechnology expert MinJun Kim and his team have developed a faster, more precise way to detect the properties and interactions of individual proteins crucial in rapid, accurate, and real-time monitoring of virus-cell interactions. This could pave the way for innovative medical therapies and advancements to be created using gene therapy--a technique that utilizes harmless viruses to modify a person's genes to treat or cure disease.

      

      
        Nanosized blocks spontaneously assemble in water to create tiny floating checkerboards
        Researchers have engineered nanosized cubes that spontaneously form a two-dimensional checkerboard pattern when dropped on the surface of water. The work, published in Nature Communications, presents a simple approach to create complex nanostructures through a technique called self-assembly.

      

      
        Researchers develop new electrochemical biosensor for cancer prognosis
        Researchers at Nano Life Science Institute (WPI-NanoLSI), Kanazawa University report in Biosensors and Bioelectronics: X a novel approach for detecting a particular biomolecule associated with several diseases. The results show good sensitivity and selectivity, and may lead to the development of a low-cost, rapid detection device useful in cancer prognosis.

      

      
        Silicon carbide/carbon microspheres maintain performance in harsh environments
        With the rapid development of electronic information technology, electromagnetic wave absorption materials play a crucial role in military applications such as electromagnetic protection and stealth devices, as well as in the defense industry.

      

      
        Nanowires create elite warriors to enhance T cell therapy
        Adoptive T-cell therapy has revolutionized medicine. A patient's T-cells--a type of white blood cell that is part of the body's immune system--are extracted and modified in a lab and then infused back into the body, to seek and destroy infection, or cancer cells.

      

      
        Researchers develop piezocatalytically-induced controllable mineralization scaffold with bone-like microenvironment
        Inspired by nature, the researchers developed a piezocatalytically-induced controlled mineralization strategy using piezoelectric polymer poly-L-lactic acid (PLLA) fibers with ordered micro-nano structures to prepare biomimetic tissue engineering scaffolds with a bone-like microenvironment (pcm-PLLA), in which PLLA-mediated piezoelectric catalysis promoted the in-situ polymerization of dopamine and subsequently regulated the controllable growth of hydroxyapatite crystals on the fiber surface.

      

      
        Transparent organic-inorganic hybrid photoresist enables precision machining of optical microstructures
        Researchers at Beijing University of Chemical Technology (BUCT) and BOE Technology Group Co., Ltd. (BOE) have developed a novel type of transparent organic-inorganic hybrid photoresist with highly tunable refractive index.

      

      
        Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice
        Engineers at the University of California San Diego have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.
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                Schematic representations of nanopore experimental configurations displaying translocation, or migration, of proteins through an approximately 17 nm nanopore: (A) Translocation of heparin, (B) translocation of FGF-1, and (C) a mixture of heparin and FGF-1 in a 1:1 ratio translocation through the pores. Credit: Southern Methodist University
            
        

    


SMU nanotechnology expert MinJun Kim and his team have developed a faster, more precise way to detect the properties and interactions of individual proteins crucial in rapid, accurate, and real-time monitoring of virus-cell interactions. This could pave the way for innovative medical therapies and advancements to be created using gene therapy--a technique that utilizes harmless viruses to modify a person's genes to treat or cure disease.



										      
         
        
        
        

      

																																	
Beyond that, this research could also be used to detect and characterize other types of protein-protein interactions, potentially leading to the development of treatments that can regulate interactions causing adverse effects in the body, said Kim, the Robert C. Womack Chair in the Lyle School of Engineering at SMU and principal investigator of the BAST Lab.

A study published in the journal Nanoscale shows that this tiny device Kim's team created accurately determines in real-time when two proteins that play a role in targeted gene therapy--known as fibroblast growth factor (FGF-1) and heparin--have bonded with each other.

And unlike the ways protein-protein interactions are detected now, this device only needs a small sample size to investigate the properties of individual proteins and their complex interactions, saving time and cost for the analysis.

Proteins are the workhorses that facilitate most biological processes in a cell. Often, it's necessary for two or more proteins to bind with each other--meaning they've connected with each other as a result of biochemical events--to carry out certain functions.

That's the case with proteins FGF-1 and heparin.

Together, these proteins have been shown to help a harmless virus called adeno-associated viruses (AAV)--which is the go-to vehicle for gene therapy--latch on to the right cell receptors in the human body.

Viral gene therapy uses viruses like AAVs as a way to deliver a healthy copy of a gene into a person to replace or modify a disease-causing one. But the problem is that AAVs have several different types, or serotypes, and each one has a natural preference to infect and thrive in specific tissue types, such as those serving the heart or kidneys. That means that for gene therapy to be successful in unloading the virus' cargo to its intended target, the right serotype of AAV needs to bond with the correct cell receptors.

Yet, not enough is currently known about how this process called tropism works to ensure that.

"Thus, a better understanding of heparin and FGF-1 interactions will help us comprehend tropism for AAV gene therapy," which, in turn, could make it possible to target new gene therapies for specific diseases, Kim said.

Kim's team created and tested a device known as a solid-state nanopore, which can accurately tell when heparin and FGF-1 have bonded.


																																						
    
     




																																			How the device works

Nanoparticles are too small to be visible to the naked eye--ranging in size from 1 to 100 nanometers (one billionth of a meter) in size. Nanomaterials can occur naturally and can also be engineered to perform specific functions, such as the delivery of drugs to various forms of cancer.

Each nanopore in this study was made from 12-nanometer-thick silicon nitride (SixNy) membranes, with a hole of roughly 17 nanometers in diameter drilled through it.

These so-called solid-state nanopores were able to tell when heparin bonded with FGF-1, because Kim and his team have calculated the electrical currents of three different scenarios: when only heparin is present in the sample; when only FGF-1 is present; and when there is an equal ratio of the two proteins.

How does the device know what the electrical current is?

Basically, a molecule from the sample passes through a tiny hole in the device that separates two chambers containing electrolyte solutions. This leads to fluctuations in the electrical current, which can be decoded to detect heparin-FGF-1 bonding.

Kim said, "the findings of this research represent a preliminary experiment laying the groundwork for future endeavors."

His ultimate goal is to be able to use solid-state nanopores on two other proteins also known to be important for targeted gene therapy: the actual binding of the AAVs with cell surface receptors.


																																			AAVs have a protein coat called a capsid that surrounds their genetic information, which is what gets altered by gene therapists to introduce a new healthy gene into a person. It is only when capsids bind with cell receptors--another protein found on the surface of cells--that the virus and cell are connected and the virus' cargo can be released.

"The effectiveness of targeted gene therapy depends on the affinity between virus capsid and cell surface receptors," Kim explained.

Kim wants to be able to use solid-state nanopores to measure that, making it clearer when a virus has successfully delivered its cargo into a person. That's because a key barrier to using viral gene therapy is that the amount of genetic material transmitted by AAV can't be measured, potentially leading to overdosing or underdosing.

In addition to making breakthroughs in gene therapy, lead study author Navod Thyashan, a graduate research assistant at SMU's BAST, noted that these nanopores could also set the stage for other new medical treatments to be developed. It can be used with other proteins known to have a high affinity for bonding with each other, allowing for treatments to potentially regulate these interactions that cause diseases.

"Solid-state nanopores (SSNs) can be fabricated in sizes ranging from single digit nanometers in diameter to hundreds," he said. "Thus, SSNs can be used in most biomolecule sensing applications, as long as we choose the correct nanopore diameter for the proteins we are dealing with."

Helping Thyashan and Kim create the device were Madhav L. Ghimire, the Dean's Postdoctoral Fellow at SMU's Moody School of Graduate and Advanced Studies; and Sangyoup Lee, with the Bionic Research Center for the Korea Institute of Science and Technology.



																																																					
																				
																						More information:
												Navod Thyashan et al, Exploring single-molecule interactions: heparin and FGF-1 proteins through solid-state nanopores, Nanoscale (2024). DOI: 10.1039/D4NR00274A
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Nanosized blocks spontaneously assemble in water to create tiny floating checkerboards
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                SEM image of a checkerboard pattern created by self-assembly of the nanocubes. Scale bar = 500 nm, inset = 100 nm. Credit: Wang et al.
            
        

    


Researchers have engineered nanosized cubes that spontaneously form a two-dimensional checkerboard pattern when dropped on the surface of water. The work, published in Nature Communications, presents a simple approach to create complex nanostructures through a technique called self-assembly.




										      
         
        
        
        

      

																																	"It's a cool way to get materials to build themselves," said study co-senior author Andrea Tao, a professor in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the University of California San Diego. "You don't have to go into a nanofabrication lab and do all these complex and precise manipulations."

Each nanocube is composed of a silver crystal with a mixture of hydrophobic (oily) and hydrophilic (water-loving) molecules attached to the surface. When a suspension of these nanocubes is introduced to a water surface, they arrange themselves such that they touch at their corner edges. This arrangement creates an alternating pattern of solid cubes and empty spaces, resulting in a checkerboard pattern.

The self-assembly process is driven by the surface chemistry of the nanocubes. A high density of hydrophobic molecules on the surface brings the cubes together to minimize their interaction with water. Meanwhile, the long chains of hydrophilic molecules cause enough repulsion to create voids between the cubes, creating the checkerboard pattern.

To fabricate the structure, researchers applied drops of the nanocube suspension onto a petri dish containing water. The resulting checkerboard can be easily transferred to a substrate by dipping the substrate into the water and slowly withdrawing it, allowing the nanostructure to coat it.


																																						
    
     




																																			This study stems from a collaborative effort between multiple research groups that are part of the UC San Diego Materials Research Science and Engineering Center (MRSEC). The work featured a synergistic combination of computational and experimental techniques. "We've built a continuous feedback loop between our computations and experiments," said Tao.

"We used computer simulations to help us design the materials at the nanoscale and predict how they will behave. We also used our experimental results in the lab to validate the simulations, fine tune them and build a better model."

In designing the material, researchers chose silver crystal nanocubes due to the Tao lab's expertise in their synthesis. Determining the optimal surface chemistry required extensive computational experimentation, which was led by Gaurav Arya, a professor in the Department of Mechanical Engineering and Materials Science at Duke University and co-senior author of the study.

The simulations identified the best molecules to attach to the nanocubes and predicted how the cubes would interact and assemble on the water surface. The simulations were iteratively refined using experimental data obtained by Tao's lab. Electron microscopy performed by the lab of study co-author Alex Frano, a professor in the Department of Physics at UC San Diego, confirmed the formation of the desired checkerboard structures.

Tao envisions applications for the nanocube checkerboard in optical sensing. "Such a nanostructure can manipulate light in interesting ways," she explained. "The spaces between the cubes, particularly near the corner edges where the cubes connect, can act as tiny hotspots that focus or trap light. That could be useful for making new types of optical elements like nanoscale filters or waveguides."

The researchers plan to explore the optical properties of the checkerboard in future studies.


																																																					
																				
																						More information:
												Yufei Wang et al, Self-assembly of nanocrystal checkerboard patterns via non-specific interactions, Nature Communications (2024). DOI: 10.1038/s41467-024-47572-2
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                A novel electrochemical biosensor for the detection of ADAR1 in cells is expected to be useful in cancer prognosis. Credit: 2024 Biyani, et al.
            
        

    


Researchers at Nano Life Science Institute (WPI-NanoLSI), Kanazawa University report in Biosensors and Bioelectronics: X a novel approach for detecting a particular biomolecule associated with several diseases. The results show good sensitivity and selectivity, and may lead to the development of a low-cost, rapid detection device useful in cancer prognosis.




										      
         
        
        
        

      

																																	Human diseases are often the result of DNA transcriptions gone wrong. Transcription refers to the copying of parts of a DNA molecule--the 'genetic code'--into an RNA molecule, which in turn is required for converting the encoded information into proteins. The latter play crucial roles in various biochemical processes taking place in the human body.

One transcriptional modification mechanism is adenosine-to-inosine editing, in which adenosine (one of four RNA building blocks) is chemically modified, resulting in an altered RNA molecule. This type of modification is facilitated by catalyst proteins called ADARs (adenosine deaminases acting on RNA).

Three such ADARs have been identified in humans. One of them, ADAR1, has been found to be more abundant in the presence of several kinds of chronic diseases, including neurological disorders and cancer. ADAR1 is therefore considered a biomarker--a 'signature molecule'--for assessing a patient's condition and chances of survival.

Madhu Biyani from Kanazawa University and colleagues have now developed a new electrochemical biosensor for detecting ADAR1, offering a low-cost, rapid tool for measuring ADAR1 concentrations in cells. The detector is expected to be useful for monitoring cancer progression.

The procedure presented by Biyani and colleagues is new in two ways. The first is that it uses newly identified aptamers as molecules that can recognize and capture ADAR1. Aptamers are molecules consisting of sequences of (synthetic) DNA, RNA or other biomolecules that bind to a particular target molecule, in this case ADAR1. The second novelty lies in the use of a field-deployable electrochemical sensor DEPSOR (BioSeeds Corp.), which has the advantages of, apart from being fast and non-expensive, requiring only small samples.


																																						
    
     




																																			In order to find the optimal aptamer--that is, the one that chemically binds easiest to ADAR1--the researchers screened a large set of DNA sequences and narrowed it down to 15 candidate aptamers. Each of these candidates was then tested in an electrochemical sensing platform: the amount of ADAR1 is 'sensed' through chemical reactions that result in an electrical current. The latter can be easily detected. The more ADAR1 in a sample, the higher the measured current.

The candidate aptamer resulting in the highest electrochemical current, called Apt38483, was then checked further. Its electrochemical response to 'false' proteins was very low, confirming it to be the optimal aptamer in terms of both sensitivity and selectivity.

The scientists then tested an Apt38483-based prototype device on diluted cell samples. They found that even in a 625-fold diluted sample, ADAR1 could still be detected, highlighting the high sensitivity of the device.

The electrochemical biosensor developed by Biyani and colleagues for the detection of ADAR1 in cell samples is a promising platform for monitoring cancer progression in clinical samples. The scientists said, "In the future, it will be promising to evaluate the system for the identification of low to high levels of ADAR1 expression in a cancer cell line sample for clinical prognosis."


																																			Background: Electrochemical biosensors

Electrochemical biosensors are devices that convert biological information, such as the presence of a particular molecule (called the analyte), into a measurable signal. Essentially, biosensors consist of a bioreceptor, an interface and a transducer element. The bioreceptor binds to the analyte at the interface, which results in a signal that is picked up and converted by the transducer into an electric signal.

The electric signal is processed through a computer; for example, the signal can be converted into an analyte concentration reading. Electrochemical biosensors are normally robust, low-cost and easy to miniaturize.

Madhu Biyani from Kanazawa University and colleagues have now developed an electrochemical biosensor for the detection of ADAR1, an RNA-editing enzyme associated with cancer progression. They identified a particular biomolecule as the optimal bioreceptor, showing good sensitivity and selectivity for ADAR1. The developed device is expected to be useful for monitoring cancer progression.


																																																					
																				
																						More information:
												Madhu Biyani et al, A novel aptamer-antibody sandwich electrochemical sensor for detecting ADAR1 in complex biological samples, Biosensors and Bioelectronics: X (2024). DOI: 10.1016/j.biosx.2024.100491
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Silicon carbide/carbon microspheres maintain performance in harsh environments

										

    
        
            [image: Compositional and hollow engineering of silicon carbide/carbon microspheres as high-performance microwave absorbing materials with good environmental tolerance]
             
                Credit: Nano-Micro Letters (2024). DOI: 10.1007/s40820-024-01369-6
            
        

    


With the rapid development of electronic information technology, electromagnetic wave absorption materials play a crucial role in military applications such as electromagnetic protection and stealth devices, as well as in the defense industry.



										      
         
        
        
        

      

																																	
However, considering that current electromagnetic absorption materials, whether for military stealth or civilian electronic purposes, are often applied outdoors, uncontrollable factors such as geographical location and weather conditions have a negative impact on the stability of electromagnetic responses. Exploring electromagnetic absorption materials that combine excellent microwave absorption performance with environmental stability is therefore crucial for practical applications.

Numerous studies have shown that carbon and silicon carbide demonstrate stable wave absorption performance in some extreme environments. However, both materials exhibit significant deficiencies in terms of absorption intensity and bandwidth.

Although some improvement in microwave absorption performance compared to single-component materials can be achieved through simple composites, it still fails to meet the current demand for high-performance absorption materials. Therefore, the in-depth development of carbon/silicon carbide composites for electromagnetic protection is of great significance.

To address this issue, the team led by Yun-Chen Du from Harbin Institute of Technology constructed composite microspheres with a core-shell structure using phenolic resin microspheres and silica as the core and shell layers, respectively. During the high-temperature pyrolysis process, spontaneous formation of a hollow structure occurred due to interface reactions, which not only facilitates lightweight requirements but also significantly enhances the attenuation ability of incident electromagnetic waves.


																																						
    
     




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

By controlling the thickness of the silica shell layer, Du's team achieved compositional regulation of hollow silicon carbide/carbon (SiC/C) composite microspheres, thereby controlling the electromagnetic properties of the composite material. The research results from Du's team demonstrate that, under the synergistic effect of composition and structure, SiC/C composite materials exhibit outstanding wave absorption performance, with the strongest reflection loss and widest effective absorption bandwidth reaching -60.8 dB and 5.1 GHz, respectively. These results surpass those of most previously reported SiC/C composite materials.

Furthermore, Du also confirmed through radar cross-section simulation data the excellent radar stealth performance of SiC/C composite materials. Treatment of the composite material with different temperatures and acidic or alkaline environments did not cause significant changes in its wave absorption performance.

The effective absorption bandwidth and reflection loss intensity values remained stable after treatment, indicating the promising practical application prospects of hollow SiC/C microspheres in various harsh natural environments.



																																																					
																				
																						More information:
												Lixue Gai et al, Compositional and Hollow Engineering of Silicon Carbide/Carbon Microspheres as High-Performance Microwave Absorbing Materials with Good Environmental Tolerance, Nano-Micro Letters (2024). DOI: 10.1007/s40820-024-01369-6
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                Functionalized nanowires deliver miRNA to naive murine CD8+ T cells with high viability and delivery efficiency. Credit: Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01649-7
            
        

    


Adoptive T-cell therapy has revolutionized medicine. A patient's T-cells--a type of white blood cell that is part of the body's immune system--are extracted and modified in a lab and then infused back into the body, to seek and destroy infection, or cancer cells.



										      
         
        
        
        

      

																																	
Now Georgia Tech bioengineer Ankur Singh and his research team have developed a method to improve this pioneering immunotherapy.

Their solution involves using nanowires to deliver therapeutic miRNA to T-cells. This new modification process retains the cells' naive state, which means they'll be even better disease fighters when they're infused back into a patient.

"By delivering miRNA in naive T cells, we have basically prepared an infantry, ready to deploy," Singh said. "And when these naive cells are stimulated and activated in the presence of disease, it's like they've been converted into samurais."

Lean and mean

Currently in adoptive T-cell therapy, the cells become stimulated and preactivated in the lab when they are modified, losing their naive state. Singh's new technique overcomes this limitation. The approach is described in a new study published in the journal Nature Nanotechnology.

"Naive T-cells are more useful for immunotherapy because they have not yet been preactivated, which means they can be more easily manipulated to adopt desired therapeutic functions," said Singh, the Carl Ring Family Professor in the Woodruff School of Mechanical Engineering and the Wallace H. Coulter Department of Biomedical Engineering.

The raw recruits of the immune system, naive T-cells are white blood cells that haven't been tested in battle yet. But these cellular recruits are robust, impressionable, and adaptable--ready and eager for programming.

"This process creates a well-programmed naive T-cell ideal for enhancing immune responses against specific targets, such as tumors or pathogens," said Singh.

The precise programming naive T-cells receive sets the foundational stage for a more successful disease fighting future, as compared to preactivated cells.


																																						
    
     




																																			Giving fighter cells a boost

Within the body, naive T-cells become activated when they receive a danger signal from antigens, which are part of disease-causing pathogens, but they send a signal to T-cells that activate the immune system.

Adoptive T-cell therapy is used against aggressive diseases that overwhelm the body's defense system. Scientists give the patient's T-cells a therapeutic boost in the lab, loading them up with additional medicine and chemically preactivating them.

That's when the cells lose their naive state. When infused back into the patient, these modified T-cells are an effective infantry against disease--but they are prone to becoming exhausted. They aren't samurai. Naive T-cells, though, being the young, programmable recruits that they are, could be.

The question for Singh and his team was: How do we give cells that therapeutic boost without preactivating them, thereby losing that pristine, highly suggestable naive state? Their answer: Nanowires.

NanoPrecision: The pointed solution

Singh wanted to enhance naive T-cells with a dose of miRNA. miRNA is a molecule that when used as a therapeutic, works as a kind of volume knob for genes, turning their activity up or down to keep infection and cancer in check. The miRNA for this study was developed in part by the study's co-author, Andrew Grimson of Cornell University.

"If we could find a way to forcibly enter the cells without damaging them, we could achieve our goal to deliver the miRNA into naive T cells without preactivating them," Singh explained.


																																			Traditional modification in the lab involves binding immune receptors to T-cells, enabling the uptake of miRNA or any genetic material (which results in loss of the naive state). "But nanowires do not engage receptors and thus do not activate cells, so they retain their naive state," Singh said.

The nanowires, silicon wafers made with specialized tools at Georgia Tech's Institute for Electronics and Nanotechnology, form a fine needle bed. Cells are placed on the nanowires, which easily penetrate the cells and deliver their miRNA over several hours. Then the cells with miRNA are flushed out from the tops of the nanowires, activated, eventually infused back into the patient. These programmed cells can kill enemies efficiently over an extended time period.

"We believe this approach will be a real gamechanger for adoptive immunotherapies, because we now have the ability to produce T-cells with predictable fates," says Brian Rudd, a professor of immunology at Cornell University, and co-senior author of the study with Singh.

The researchers tested their work in two separate infectious disease animal models at Cornell for this study, and Singh described the results as "a robust performance in infection control."

In the next phase of study, the researchers will up the ante, moving from infectious disease to test their cellular super soldiers against cancer and move toward translation to the clinical setting.



																																																					
																				
																						More information:
												Kristel J. Yee Mon et al, Functionalized nanowires for miRNA-mediated therapeutic programming of naive T cells, Nature Nanotechnology (2024). DOI: 10.1038/s41565-024-01649-7
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Nanowires create elite warriors to enhance T cell therapy (2024, June 12)
												retrieved 13 June 2024
												from https://phys.org/news/2024-06-nanowires-elite-warriors-cell-therapy.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/2024-06-nanowires-elite-warriors-cell-therapy.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Researchers develop piezocatalytically-induced controllable mineralization scaffold with bone-like microenvironment

										

    
        
            [image: Piezocatalytically-induced controllable mineralization scaffold with bone-like microenvironment to achieve endogenous bone regeneration]
             
                Credit: Science China Press
            
        

    


Inspired by nature, the researchers developed a piezocatalytically-induced controlled mineralization strategy using piezoelectric polymer poly-L-lactic acid (PLLA) fibers with ordered micro-nano structures to prepare biomimetic tissue engineering scaffolds with a bone-like microenvironment (pcm-PLLA), in which PLLA-mediated piezoelectric catalysis promoted the in-situ polymerization of dopamine and subsequently regulated the controllable growth of hydroxyapatite crystals on the fiber surface.



										    
																					
Their study is published in the journal Science Bulletin.

PLLA fibers, as analogs of mineralized collagen fibers, were arranged in an oriented manner, and ultimately formed a bone-like interconnected pore structure; in addition, they also provided bone-like piezoelectric properties. The uniformly sized HA nanocrystals formed by controlled mineralization provided a bone-like mechanical strength and chemical environment.

The pcm-PLLA scaffold could rapidly recruit endogenous stem cells, and promote their osteogenic differentiation by activating cell membrane calcium channels and PI3K signaling pathways through ultrasound-responsive piezoelectric signals. In addition, the scaffold also provided a suitable microenvironment to promote macrophage M2 polarization and angiogenesis, thereby enhancing bone regeneration in skull defects of rats.

The proposed multifaceted bionic natural bone strategy provides a new idea for the development of bone tissue engineering scaffolds.

The research team was led by Dr. Zhou Li (Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences) and Chunying Chen (National Center for Nanoscience and Technology).
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												Xi Cui et al, Piezocatalytically-induced controllable mineralization scaffold with bone-like microenvironment to achieve endogenous bone regeneration, Science Bulletin (2024). DOI: 10.1016/j.scib.2024.04.002
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Transparent organic-inorganic hybrid photoresist enables precision machining of optical microstructures

										

    
        
            [image: Transparent organic-inorganic hybrid photoresist with highly tunable refractive index for advanced display]
             
                Digital photo and scanning electron microscope of a transparent hybrid photoresist film of titanium dioxide nanoparticle-embedded acrylic resin with thickness of 29 mm. Credit: Yinglu Liu
            
        

    


Researchers at Beijing University of Chemical Technology (BUCT) and BOE Technology Group Co., Ltd. (BOE) have developed a novel type of transparent organic-inorganic hybrid photoresist with highly tunable refractive index.



										      
         
        
        
        

      

																																	
The study, "A Transparent Photoresist Made of Titanium Dioxide Nanoparticle-Embedded Acrylic Resin with a Tunable Refractive Index for UV-Imprint Lithography," published in Engineering presents the synthesis of transparent photoresist made of titanium dioxide nanoparticle-embedded acrylic resin with a tunable refractive index of up to 2.0 (589 nm) after being cured by ultraviolet (UV) light, while maintaining both a high transparency of over 98% in the visible light range and a low haze of less than 0.05%.

The precision machining of optical microstructures can be imprinted easily and efficiently using the hybrid resin, which acts as a light guide plate to guide the light from the side to the top in order to conserve the energy of the display device.

In recent years, with the rapid development of electronic technology, the display devices have been used in all aspects of life. Optical materials are capable of controlling and regulating light and form the basis of optical devices, which have wide applications in fields such as flat panel display, lens, smart wearable, and augmented reality (AR)/virtual reality (VR) display.

The refractive index is the basic property of optical materials and it is generally accepted that components made of optical resin with a relatively high refractive index are smaller, lighter, and have wider applicability than those made of ordinary optical materials for the same focal length requirements.


																																						
    
     




																																			Currently commercialized organic optical materials, such as epoxy resins, polymethyl methacrylate, polycarbonate, polystyrene, and silicone resins, are limited by the structural properties of the organic molecules and polymer chains, and the refractive index of the materials is in the range of 1.4-1.6.

To tune the refractive index of UV-curable resin, researchers have tried to add inorganic nanoparticles with high refractive index into the acrylic resin. According to the structural characteristics and application conditions of organic-inorganic hybrid photoresist in optoelectronic display device, the work focused on the optimization of titanium dioxide nanoparticle-embedded acrylic resin.

The refractive index of hybrid photoresist reaches 1.67 at 589 nm when the titanium dioxide content is 30 wt% in the hybrid film, while the refractive index of pure resin is only 1.53. The researchers tested the hybrid material by using electron microscopy imaging and atomic force microscopy analysis.

It is confirmed that the titanium dioxide nanoparticles can be uniformly dispersed in the composite material and the hybrid film exhibits outstanding flatness and a roughness of only 0.196 nm.

To bring newly-developed nanotechnology and nanocomposites with excellent performance out of the laboratory and transform them into new device products, the joint research group of BUCT and BOE has applied the organic-inorganic hybrid photoresist for precision machining of optical microstructures as the light guide plates for flat-panel display devices.

The researchers also developed light-curable resins with an ultrahigh refractive index of 2.0 (589 nm) via a change of the basic polymer material and in the amounts of titanium dioxide nanoparticles. They are also interested in using their material for various applications.

The knowledge obtained from both laboratory and commercial experiments on photon regulation at various nanoscale and microscale interfaces is expected to assist in the promotion of human health via high-precision medical, lighting, and new display products.



																																																					
																				
																						More information:
												Yinglu Liu et al, A Transparent Photoresist Made of Titanium Dioxide Nanoparticle-Embedded Acrylic Resin with a Tunable Refractive Index for UV-Imprint Lithography, Engineering (2024). DOI: 10.1016/j.eng.2023.12.014
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Swimming microrobots deliver cancer-fighting drugs to metastatic lung tumors in mice
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                Credit: Zhengxing Li
            
        

    


Engineers at the University of California San Diego have developed microscopic robots, known as microrobots, capable of swimming through the lungs to deliver cancer-fighting medication directly to metastatic tumors. This approach has shown promise in mice, where it inhibited the growth and spread of tumors that had metastasized to the lungs, thereby boosting survival rates compared to control treatments.



										      
         
        
        
        

      

																																	
The findings are detailed in a paper published on June 12 in Science Advances.

The microrobots are an ingenious combination of biology and nanotechnology. They are a joint effort between the labs of Joseph Wang and Liangfang Zhang, both professors in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at the UC San Diego Jacobs School of Engineering.

To create the microrobots, researchers chemically attached drug-filled nanoparticles to the surface of green algae cells. The algae, which provide the microrobots with their movement, enable the nanoparticles to efficiently swim around in the lungs and deliver their therapeutic payload to tumors.

The nanoparticles are made of tiny biodegradable polymer spheres, which are loaded with the chemotherapeutic drug doxorubicin and coated with red blood cell membranes. This coating serves a critical function: it protects the nanoparticles from the immune system, allowing them to stay in the lungs long enough to exert their anti-tumor effects.

"It acts as a camouflage," said study co-first author Zhengxing Li, who is a nanoengineering Ph.D. student in both Wang and Zhang's research groups. "This coating makes the nanoparticle look like a red blood cell from the body, so it will not trigger an immune response."


																																						
    
     




																																			This formulation of nanoparticle-carrying algae is safe, the researchers noted. The materials used to make the nanoparticles are biocompatible while the green algae employed, Chlamydomonas reinhardtii, are recognized as safe for use by the U.S. Food and Drug Administration.

This study builds on prior work by Wang and Zhang's teams using similar microrobots to treat deadly pneumonia in mice. "Those were the first microrobots to be safely tested in the lungs of live animals," said Wang.
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                Illustration of the microrobots being administered through the trachea to treat metatstatic tumors in the lungs. Credit: Zhengxing Li
            
        

    



In previous work, the microrobots fought the spread of pneumonia-causing bacteria using a different drug and cell membrane combination for the nanoparticles. By tweaking these components, the team has now tailored the microrobots to fight the spread of cancer cells in the lungs.

"We demonstrate that this is a platform technology that can actively and efficiently deliver therapeutics throughout the entire lung tissue to combat different types of deadly diseases in the lungs," said Zhang.

In the current study, mice with melanoma that had metastasized to the lungs were treated with the microrobots, which were administered to the lungs through a small tube inserted into the windpipe.

Treated mice experienced a median survival time of 37 days, an improvement over the 27-day median survival time observed in untreated mice, as well as mice that received either the drug alone or drug-filled nanoparticles without algae.

"The active swimming motion of the microrobots significantly improved distribution of the drug to the deep lung tissue, while prolonging retention time," said Li. "This enhanced distribution and prolonged retention time allowed us to reduce the required drug dosage, potentially reducing side effects while maintaining high survival efficacy."

Moving forward, the team is working on advancing this microrobot treatment to trials in larger animals, with the ultimate goal of human clinical trials.
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												Fangyu Zhang et al, Biohybrid microrobots locally and actively deliver drug-loaded nanoparticles to inhibit the progression of lung metastasis, Science Advances (2024). DOI: 10.1126/sciadv.adn6157. www.science.org/doi/10.1126/sciadv.adn6157
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        Quantum data assimilation offers new approach to weather prediction
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Quantum data assimilation offers new approach to weather prediction
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                A conceptual image of the quantum annealing. Credit: Nonlinear Processes in Geophysics (2024). DOI: 10.5194/npg-31-237-2024
            
        

    


Data assimilation is a mathematical discipline that integrates observed data and numerical models to improve the interpretation and prediction of dynamical systems. It is a crucial component of Earth sciences, particularly in numerical weather prediction (NWP).



										      
         
        
        
        

      

																																	
Data assimilation techniques have been widely investigated in NWP in the last two decades to refine the initial conditions of weather models by combining model forecasts and observational data. Most NWP centers around the world employ variational and ensemble-variational data assimilation methods, which iteratively reduce cost functions via gradient-based optimization. However, these methods require significant computational resources.

Recently, quantum computing has emerged as a new avenue of computational technology, offering a promising solution for overcoming the computational challenges of classical computers.

Quantum computers can take advantage of quantum effects such as tunneling, superposition, and entanglement to significantly reduce computational demands. Quantum annealing machines, in particular, are powerful for solving optimization problems.

In a study, published in Nonlinear Processes in Geophysics, Professor Shunji Kotsuki from the Institute for Advanced Academic Research/Center for Environmental Remote Sensing/Research Institute of Disaster Medicine, Chiba University, along with his colleagues Fumitoshi Kawasaki from the Graduate School of Science and Engineering and Masanao Ohashi from the Center for Environmental Remote Sensing, developed a novel data assimilation technique designed for quantum annealing machines.


																																						
    
     




																																			"Our study introduces a novel quantum annealing approach to accelerate data assimilation, which is the main computational bottleneck for numerical weather predictions. With this algorithm, we successfully solved data assimilation on quantum annealers for the first time," explains Prof. Kotsuki.

In the study, the researchers focused on the four-dimensional variational data assimilation (4DVAR) method, one of the most widely used data assimilation methods in NWP systems. However, since 4DVAR is designed for classical computers, it cannot be directly used on quantum hardware.

Prof. Kotsuki says, "Unlike the conventional 4DVAR, which requires a cost function and its gradient, quantum annealers require only the cost function. However, the cost function must be represented by binary variables (0 or 1). Therefore, we reformulated the 4DVAR cost function, a quadratic unconstrained optimization (QUO) problem, into a quadratic unconstrained binary optimization (QUBO) problem, which quantum annealers can solve."

The researchers applied this QUBO approach to a series of 4DVAR experiments using a 40-variable Lorentz-96 model, which is a dynamical system commonly used to test data assimilation.

They conducted the experiments using the D-Wave Advantage physical quantum annealer, or Phy-QA, and the Fixstars Amplify's simulated quantum annealer, or Sim-QA. Moreover, they tested the conventionally utilized quasi-Newton-based iterative approaches, using the Broyden-Fletcher-Goldfarb-Shanno formula, in solving linear and nonlinear QUO problems and compared their performance to that of quantum annealers.


																																			The results revealed that quantum annealers produced analysis with comparable accuracy to conventional quasi-Newton-based approaches but in a fraction of the time they took.

The D-Wave's Phy-QA required less than 0.05 seconds for computation, much faster than conventional approaches. However, it also exhibited slightly larger root mean square errors, which the researchers attributed to the inherent stochastic quantum effects.

To address this, they found that reading out multiple solutions from the quantum annealer improved stability and accuracy. They also noted that the scaling factor for quantum data assimilation, which is important for regulating the analysis accuracy, was different for the D-Wave Phy-QA and the Sim-QA, owing to the stochastic quantum effects associated with the former annealer.

These findings signify the role of quantum computers in reducing the computational cost of data assimilation.

"Our approach could revolutionize future NWP systems, enabling a deeper understanding and improved predictions with much less computational time. In addition, it has the potential to advance the practical applications of quantum annealers in solving complex optimization problems in Earth science," says Prof. Kotsuki.

Overall, the proposed innovative method holds great promise for inspiring future applications of quantum computers in advancing data assimilation, potentially leading to more accurate weather predictions.
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        While aiming for massive gas cloud, astronomers spot differences in thickness of Milky Way Galaxy
        Space may appear vast and empty, but it's full of cosmological objects that are invisible to the human eye. From our vantage point on Earth, many of these objects fall between astronomers and what they hope to observe, impacting what they find. This scenario was recently encountered by scientists at the U.S. National Science Foundation's Green Bank Observatory (GBO), who were attempting to study the Smith Cloud, tucked away behind dense layers of gas and dust in our own Milky Way galaxy.

      

      
        Einstein Telescope could launch a new era in astronomy
        It's still just a plan, but a new telescope could soon be measuring gravitational waves. Gravitational waves are something like the sound waves of the universe. They are created, for example, when black holes or neutron stars collide.

      

      
        Parabolic flight with exoskeleton: Researchers test fine motor skills in weightlessness
        Fine motor tasks under space conditions are particularly challenging and must first be trained on Earth. Scientists from the German Research Center for Artificial Intelligence (DFKI) and the University of Duisburg-Essen (UDE) are investigating whether a robotic exoskeleton that can simulate weightlessness is suitable for astronautical training.

      

      
        A mission to find 10 million near-Earth asteroids every year
        So far, scientists have found around 34,000 near-Earth asteroids (NEAs) that could serve as humanity's stepping stone to the stars. These balls of rock and ice hold valuable resources as we expand throughout the solar system, making them valuable real estate in any future space economy. But the 34,000 we know of only make up a small percentage of the total number of asteroids in our vicinity--some estimates theorize that up to 1 billion asteroids larger than a modern car exist near Earth.

      

      
        Video: Eclipse-making double-satellite Proba-3
        Proba-3 is ESA's--and the world's--first precision formation flying mission. A pair of satellites will fly together relative to the sun so that one casts a precisely-controlled shadow onto the other, to create a prolonged solar eclipse in orbit.

      

      
        Coming in hot: NASA's Chandra checks habitability of exoplanets
        Using NASA's Chandra X-ray Observatory and ESA's (European Space Agency's) XMM-Newton, astronomers are exploring whether nearby stars could host habitable exoplanets, based on whether they emit radiation that could destroy potential conditions for life as we know it. This type of research will help guide observations with the next generation of telescopes aiming to take the first images of planets like Earth.

      

      
        Quirky circling behavior in mice informs research on humans in space
        During the Rodent Research-1 (RR-1) mission flown to the ISS in 2014, videos that were taken to observe the mice revealed an unusual behavior that researchers are still working to understand. Young (16-week-old) but not old (32-week-old) mice engaged in a high level of "running" behavior beginning within two weeks of launch, according to research in Scientific Reports in 2019.

      

      
        Astronomers discover parallel disks and jets erupting from a pair of young stars
        Most of the universe is invisible to the human eye. The building blocks of stars are only revealed in wavelengths that are outside of the visible spectrum. Astronomers recently used two very different, and very powerful, telescopes to discover twin disks--and twin parallel jets--erupting from young stars in a multiple star system.
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While aiming for massive gas cloud, astronomers spot differences in thickness of Milky Way Galaxy
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                Astronomers using the National Science Foundation's Green Bank Telescope targeted the Smith Cloud for their observations, however, the Milky Way's inner galaxy obscured their view. While these scientists didn't find what they were originally looking for, they did observe something new about this part of our home galaxy. This inner part of the Milky Way appears to be half the size of the outer part! Credit: U.S. NSF/  NSF GBO/ P.Vosteen.  
            
        

    


Space may appear vast and empty, but it's full of cosmological objects that are invisible to the human eye. From our vantage point on Earth, many of these objects fall between astronomers and what they hope to observe, impacting what they find. This scenario was recently encountered by scientists at the U.S. National Science Foundation's Green Bank Observatory (GBO), who were attempting to study the Smith Cloud, tucked away behind dense layers of gas and dust in our own Milky Way galaxy.



										      
         
        
        
        

      

																																	
The Smith Cloud, containing enough gas to fill one million suns, is expected to crash into the Milky Way--in about 27 million years. Astronomers have been intrigued by this monstrous high velocity cloud since its discovery in the 1960s. GBO's Green Bank Telescope (GBT) and 20-meter telescope, along with NASA's Hubble Telescope, are the primary tools that have been used to study this massive and mysterious body of gas.

GBO scientist Toney Minter planned to observe the spot where part of the Smith Cloud is now interacting with the Milky Way. At this distance, and on the other side of the Milky Way, this observation is tricky, even for a telescope as sensitive as the GBT.

Minter was looking for dust and the faint emissions of hydroxl molecules (OH). The Smith Cloud should have very little to no dust and OH, while most clouds in the Milky Way contain both. If Minter found an area of accretion in the Milky Way where parts of the Smith Cloud had begun to mix, he would see the differences in their composition, and learn more about this interaction.

He says, "I knew there was a low probability that I'd find what I was looking for--and I didn't," laughs Minter, "But this is all part of the scientific process. You learn from what you DO and DON'T find."

Instead, Minter's observation revealed information about the structure of the inner part of our home galaxy. While looking through the Milky Way to search for OH molecules in his target area, Minter determined the thickness of the layer of molecules in the inner galaxy. This revealed the scale height of molecular gas in the inner Milky Way, measuring in around 100 parsecs, or 330 light-years across. Observations of molecules in the outer parts of the Milky Way are about 200 parsecs, or double the thickness.

What does this mean for what scientists know about the Milky Way? Minter adds, "All I can currently say is that the data we see from this part of the inner galaxy shows that it's different from the outer galaxy. We need more observations to learn more about what this means. That's why astronomy is exciting, our knowledge is always evolving."

Minter's initial findings will be shared at a press conference, Tuesday, June 11 at 10:15am CST at the 244th meeting of the American Astronomical Society June 9-13 in Madison, Wisconsin.
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                The Einstein Telescope is being built around 250 meters underground. With interferometers in the three tunnels, each ten kilometers long, it will measure collisions of black holes in the early universe. Credit: NIKHEF
            
        

    


It's still just a plan, but a new telescope could soon be measuring gravitational waves. Gravitational waves are something like the sound waves of the universe. They are created, for example, when black holes or neutron stars collide.



										      
         
        
        
        

      

																																	The future gravitational wave detector, the Einstein Telescope, will use the latest laser technology to better understand these waves and, thus, our universe. One possible location for the construction of this telescope is the border triangle of Germany, Belgium and the Netherlands.

How the universe makes gold

The summer of 2017 was an extremely exciting day for astronomers: On August 17, three gravitational wave detectors registered a new signal. Hundreds of telescopes around the world were immediately pointed at the suspected point of origin and a luminous celestial body was indeed seen there. For the first time, the collision of two neutron stars was detected both optically and as a gravitational wave.

Neutron stars are something very special in the universe: They are burnt-out stars that no longer emit any visible radiation. They weigh slightly more than our sun, but squeeze their mass into a sphere less than 20 km in diameter. The force of their collision is so great that atomic nuclei are torn apart, gigantic amounts of mass ejected, and heavy atoms such as gold can be formed.

"Compared to the mass of the neutron stars, it's not a lot of gold that is created--just a few lunar masses," explains Professor Achim Stahl, an astrophysicist from RWTH Aachen University, with a grin.

"But researchers are pretty sure that most of the gold in the universe was created in such gigantic explosions." Therefore, the golden ring we wear on our finger has already experienced galactic history.


																																						
    
     




																																			Gravitational wave detectors open a new chapter in astronomy

Thanks to gravitational wave detectors, we already know more about the collisions of neutron stars. By galactic standards, these are very fast processes. In the past, if we were very lucky, we could register gamma-ray bursts which lasted less than a second. When black holes collide, the signal that can be measured with current gravitational wave detectors is very short.

The signal of the first gravitational wave measured in 2015 was just over 0.2 seconds long. Such waves are created when ultra-heavy objects orbit each other in the universe and then collide.

The signal detected in summer 2017 was 100 seconds long, so it was immediately clear that this must be something new. Shortly after the gravitational signal stopped, the gamma-ray burst was recorded; later the afterglow of the explosion was observed in various wavelength ranges, and traces of heavy elements such as gold and platinum were detected.

The event was identified as a collision of two neutron stars. The simultaneous observation of gravitational waves and electromagnetic signals opened a new chapter in observational astronomy. "In fact, the optical signal was decisive in finding the star in the sky," explains astrophysicist Stahl.


																																			Our 'ears' to the universe

For centuries, astronomy was limited to observations of visible radiation. With a better understanding of the electromagnetic spectrum, astronomers added many new observation methods, detected radio waves and significantly expanded mankind's knowledge through calculations and simulations.

When Albert Einstein postulated his general theory of relativity a good hundred years ago, he also came up with the idea that there could be waves that have nothing to do with the electromagnetic spectrum. Similar to a sound wave, they were supposed to make a test specimen at a great distance "wobble" a little.

Large accelerated masses should send such waves through space. On Earth, however, the wobble caused by gravitational waves is so weak that the movement is much smaller than the diameter of an atom. Nonetheless, it has now become possible to measure gravitational waves. This is a new era for astronomers.

This is made possible by so-called laser interferometers. They consist of two arms with mirrors at the ends. A laser beam enters the interferometer and is split at a beam splitter in the middle.

It travels to the end mirrors in the two arms and back to the beam splitter. If the position of the mirror at the end of an arm changes, the transit time of the respective laser beam varies by a tiny amount. This amount can be measured by comparing the laser beam from the affected mirror with a laser beam from the other interferometer arm where the mirror has not been moved.

The precision of this measurement in the current gravitational wave detectors is always astonishing, even for physicists: "We measure down to an accuracy of less than one two-thousandth of a proton diameter," explains Professor Stahl.

"It's ironic that we need precision on the scale of the smallest particles known to us to detect the biggest events in the universe, the merging of black holes," he adds.

The first attempts to measure gravitational waves were made back in the 1960s. However, it is only the current second generation of laser measuring devices that can achieve this extreme accuracy and have now detected around 100 collisions of black holes or neutron stars.


																																						
    
     




																																			The Einstein Telescope

Professor Stahl is a member of the German Einstein Telescope community and is currently working on the next generation of gravitational wave detectors. Measuring devices of this third generation should be ten times more sensitive than those currently in use. The planned gravitational wave observatory has been named "Einstein Telescope" after the founder of the general theory of relativity.

"We want to use it to examine an area that is a thousand times larger than what is possible today in the universe for gravitational waves. And we should then find considerably more sources for which the current instruments are not sensitive enough," explains the astrophysicist. This also applies to heavier objects that emit gravitational waves at lower frequencies.

The Einstein Telescope will consist of three nested detectors. Each of these detectors will have two laser interferometers with 10 km long arms. In order to shield as much interference as possible, the observatory shall be built 250 m underground.

However, the scientists are already thinking much further ahead. "The Einstein Telescope will work together with a new, innovative generation of observatories in the electromagnetic spectrum ranging from radio to gamma rays. We call this multi-messenger astronomy," says Professor Stahl, describing the vision.

"In addition to the 'ears' for the gravitational waves, we will also have 'eyes' that detect very different signals. Together, these will provide a live transmission of cosmic events that no one has ever seen before."

Until now, you could watch the sky at random and hope for a brief flash. In the future, the gravitational wave detectors will run continuously and "listen" when a signal appears. If several such detectors capture the signal, its region of origin can be calculated and other optical telescopes aligned with it. As with the neutron star collision in summer 2017, several systematic measurements will then be possible.

Scientists hope to gain many new insights from this, for example, about the early universe or about collisions in which all elements heavier than iron were formed.


																																			Detectors in Europe and around the world

Such complex measurements require global cooperation. Accordingly, a conceptual design of a third-generation detector is also being developed in the U.S.

The "Cosmic Explorer" will form a global detector network with the Einstein Telescope. In 2021 the Europeans included the Einstein Telescope in the roadmap of the European Strategy Forum on Research Infrastructures (ESFRI). ESFRI was founded in 2002 to enable national governments, the scientific community and the European Commission to jointly develop and support a concept for research infrastructures in Europe.

With its inclusion in the ESFRI Roadmap, the Einstein Telescope has entered the preparation phase. The budget has been estimated at 1.8 billion euros. Operation is expected to cost around 40 million euros per year. Construction is scheduled to begin in 2026, with observations due to start in 2035.

Studies are currently underway to select a site. A decision is expected in 2024. Two possible sites are currently being investigated: one in Sardinia and one in the Euregio Meuse-Rhine in the border triangle between Germany, Belgium and the Netherlands. When evaluating the sites, the research partners must not only take the feasibility of construction into account, but also predict the extent to which the local environment will impact the sensitivity and operation of the detector.

The project promises a number of benefits for the region concerned: A large proportion of the costs of 1.8 billion will go towards construction measures. Three times ten kilometers of tunnels and twelve times ten kilometers of vacuum pipes are needed, to name just two examples. A substantial number of companies are already involved in the project.


																																						
    
     




																																			A large team is already working on the actual measurement equipment at various locations. In addition to RWTH Aachen University, this also includes the Fraunhofer Institute for Laser Technology ILT in Aachen. New lasers are currently being developed there, without which the new measurements would not be possible.

"What we are developing here for potential use in the Einstein Telescope is unique in its design and is intended exclusively for measuring gravitational waves," confirms project manager Patrick Baer from Fraunhofer ILT, who as Research Unit Leader in the Einstein Telescope community represents research groups from the Fraunhofer Institutes for Laser Technology ILT and for Production Technology IPT as well as the Chairs for Laser Technology LLT and for Technology of Optical Systems at RWTH Aachen University.

"In a simplified version, however, the laser technology developed for this area of application may also be of interest for other applications, e.g. in quantum technology. But the knowledge gained can also be helpful for the development of lasers in medical technology: The wavelength of 2 mm is suitable for shattering kidney and bladder stones, for example."

Ultimately, this is what Fraunhofer ILT has been doing since its foundation: making high-end lasers from research fit for industrial applications.

Funding has not yet been fully secured. Professor Stahl expects a final decision in the next two years. First the planners will start their work, then the tunnel builders, and finally the laser physicists. "I estimate that we will be able to take the first measurements in 2035."


																																			What fascinates a researcher like Achim Stahl? "With gravitational waves, we can look much further into the universe than with normal telescopes," explains the astrophysicist.

"In astrophysics, looking further into the universe means--above all--looking back in time. With the Einstein Telescope, we will receive signals from the time when the galaxies and the first stars were formed. This goes back further than is possible with optical means. And we will hear cosmic explosions live with the gravitational waves before we see them."

The more sensitive detectors of the Einstein Telescope will "hear" the signals earlier and give the other telescopes more time to align themselves. In the past, it was more of a lucky coincidence to see such an event. Now, for the first time, systematic measurements are possible. Exciting times are dawning--and not just for astrophysicists.
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										 by Andrea Fink, 										 										 Deutsches Forschungszentrum fur Kunstliche Intelligenz GmbH, DFKI									

									
										

    
        
            [image: Parabolic flight with exoskeleton: Researchers test fine motor skills in weightlessness]
             
                Credit: Deutsches Forschungszentrum fur Kunstliche Intelligenz GmbH, DFKI
            
        

    


Fine motor tasks under space conditions are particularly challenging and must first be trained on Earth. Scientists from the German Research Center for Artificial Intelligence (DFKI) and the University of Duisburg-Essen (UDE) are investigating whether a robotic exoskeleton that can simulate weightlessness is suitable for astronautical training.



										      
         
        
        
        

      

																																	The team had the opportunity to participate in the 42nd DLR Parabolic Flight Campaign in Bordeaux, France, to compare the effects of simulated weightlessness with those of real weightlessness.

During space missions, astronauts are often faced with fine motor tasks, such as performing repairs or experiments, that are made more difficult by the weightlessness of space. Targeted training of these skills is particularly important, not only to increase the efficiency of the missions, but also to ensure the safety of the astronauts. Until now, such missions could only be practiced on Earth during parabolic flights or in spacesuits underwater.

Innovative space training with exoskeleton

Scientists at the DFKI Robotics Innovation Center Bremen and the Department of Medical Engineering Systems at the University of Duisburg-Essen (UDE) are working on an alternative and more cost-effective training method.

In the NoGravEx project, they have developed an innovative approach to simulate microgravity with the help of a robotic exoskeleton. The technology is able to detect and compensate for the weight of a person's arms, making them feel weightless or as heavy as on the moon, for example.

The researchers are currently investigating the effects of simulated weightlessness on the human body compared to real weightlessness in the GraviMoKo project. By participating in the 42nd DLR Parabolic Flight Campaign from May 27 to June 6, 2024 in Bordeaux, France, they have reached an important milestone in the project.

During the parabolic flights, special ascent and descent maneuvers are used to create weightlessness 31 times for about 22 seconds each. This time is available to the scientific teams for their experiments. Instead of the planned three flights over three days, Novespace's Airbus A310 Zero G took off four times because the first flight had to be aborted after only 16 parabolas due to technical problems. The remaining parabolas were completed on the second day.


																																						
    
     




																																			Experiment setup and execution

The exoskeleton experiment was one of eleven selected experiments on board the aircraft and involved the participation of six test subjects. However, in order to compensate for the absence of some subjects, more people had prepared for the mission in advance.

The test subjects' task was to use the index finger of their right arm to hit the center of a target slide on a touch screen in weightlessness. The arm was covered by a cape to avoid visual movement corrections. During the experiment, the subjects' arm muscle activity, brain activity, and heart rate variability, as well as their movement trajectories, were recorded.

Half of the test subjects had already practiced this task in the laboratory with an active exoskeleton in simulated weightlessness, while the others were untrained or only familiar with the test setup. In contrast to the terrestrial tests, passive systems were used for the parabolic flights. Two identical test setups allowed the simultaneous participation of two subjects per flight.

A backup person equipped with all the sensors was available to step in if the subjects felt uncomfortable, and otherwise act as an operator and supporter.

The experiments went largely according to plan, with only one subject having to be replaced due to nausea. At the end of the ten-day campaign, the researchers were very pleased with the results.

Project leader Prof. Dr. Elsa Kirchner, University of Duisburg-Essen/DFKI said, "We did a great job on our first parabolic flight campaign and collected all the data we planned to. Despite the effort and lack of sleep, the team worked extremely well together. Now it's time to analyze the very extensive data."


																																			Data analysis and potential applications

By analyzing the data, the researchers hope to determine whether training with the exoskeleton in simulated weightlessness can enable the transfer of learned skills to real weightlessness and improve astronauts' abilities. This could help prepare astronauts for the challenges of future space missions and optimize their performance in the extreme conditions of space.

In addition to space travel, terrestrial applications such as rehabilitation can also benefit from this new technology. The exoskeleton used and further developed in the NoGravEx and GraviMoKo projects was originally developed at DFKI for rehabilitation therapy.

Thanks to the possibility of individual weight compensation, the system can provide even more personalized support for physically disabled people, for example, after a stroke.
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A mission to find 10 million near-Earth asteroids every year

										

    
        
            [image: A mission to find 10 million near-Earth asteroids every year]
             
                Artist's depiction of a Sutter demonstration mission. Credit: Sercel / TransAstra Corporation / Anthony Longman
            
        

    


So far, scientists have found around 34,000 near-Earth asteroids (NEAs) that could serve as humanity's stepping stone to the stars. These balls of rock and ice hold valuable resources as we expand throughout the solar system, making them valuable real estate in any future space economy. But the 34,000 we know of only make up a small percentage of the total number of asteroids in our vicinity--some estimates theorize that up to 1 billion asteroids larger than a modern car exist near Earth.



										      
         
        
        
        

      

																																	A project from the Trans Astronautics Corp (TransAstra), an asteroid-hunting start-up based in California, hopes to find the missing billion: the Sutter Ultra project. Before we get into what Sutter Ultra is, it's best to understand why we have such a hard time finding the hundreds of millions of small asteroids in our vicinity.

To put it bluntly, the problem is two-fold--brightness and speed. Most ground-based observatories have long exposure times, allowing them to capture brighter but more stationary objects. NEAs, on the other hand, zip by the planet quickly and typically are so faint that the long exposure times on most observatories fail to see them at all. Since they move multiple pixels during each exposure, they don't appear bright enough to capture in this kind of survey.

That's where Sutter Ultra comes in. It's named after the Sutter Mill discovery that started the California gold rush of 1849 (and unfortunately, not after our own resident astrophysics expert--Paul Sutter). However, TransAstra's idea is significantly more technologically advanced than the prospector's pan used in that discovery.

Sutter Ultra would be three separate systems, each containing over one hundred 30 cm telescopes. They would fly in coordination in a type of orbit called a heliocentric Psuedo Geocentric Distant Retrograde (PRO) orbit. This would allow all three spacecraft to regularly focus on Earth and triangulate their readings in a way that wouldn't otherwise be possible.



    
    
    
        
        
    
         
             
         

        Presentation at the end of NIAC Phase II by TransAstra President Joel Sercel. Credit: TransAstra YouTube Channel
  

Once the data has been captured, TransAstra has developed an algorithm to track individual asteroids on the paths they could travel throughout the image. They also released a neat explainer video that details the process they use and how it's superior to existing asteroid tracking techniques.


																																						
    
     




																																			The company's calculations show that it is by far superior. Their write-up for the Sutter Ultra project estimates that the program could find 300x the total number of NEAs humanity has ever found in only its first year of operation. That would garner an astonishing 10 million asteroid finds every year, or 19 every minute of every day. And yet, it would still only be 1% of the total number of NEAs out there.

If that wasn't enough reason to be interested in the project, Sutter Ultra can also be used to track space debris, which is becoming an ever-increasing problem as most and most junk starts to fill the orbital space. Plenty of companies have developed business models around deorbiting space junk or zapping it with lasers, but if it lives up to the hype, Sutter Ultra would be by far the best way to track it.

For now, the company is tempering its ambitions with a three-step approach, which would make the $400 million potential price tag a bit more digestible for funding agencies. TransAstra has a ground system in place as part of its NIAC Phase II project.

They're currently focusing on defining a "Sutter Alpha" mission utilizing a CubeSat platform as a proof of concept. A Sutter Survey mission would then follow with three crafts in LEO with four telescopes each.

That means timing for the Sutter Ultra mission is still unclear, and the end goal of the original grant is in jeopardy. But even with a scaled down version that is more palatable to funding agencies, TransAstra is leading the charge on surveying systems for nearby asteroids. If they are lucky, they might just strike more gold than even the Californian 49ers could dream of.
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Video: Eclipse-making double-satellite Proba-3
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                Credit: European Space Agency
            
        

    


Proba-3 is ESA's--and the world's--first precision formation flying mission. A pair of satellites will fly together relative to the sun so that one casts a precisely-controlled shadow onto the other, to create a prolonged solar eclipse in orbit.



										    
																					In the process, the mission will open up the sun's faint surrounding coronal atmosphere for sustained study. Normally, this corona is rendered invisible by the brilliant face of the sun, like a firefly next to a bonfire.

Due for launch together this autumn, the two Proba-3 satellites will fly 144-m apart for up to six hours at a time to create these eclipses. Beside its scientific interest, this experiment will be a perfect method to demonstrate the precise positioning of the two platforms. It will be enabled using a novel combination of guidance technologies. In this video, the Proba-3 team details the mission concept.



    
    
    
        
        
    
            
            Credit: ESA--European Space Agency
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Coming in hot: NASA's Chandra checks habitability of exoplanets

										

    
        
            [image: Coming in Hot: NASA's Chandra Checks Habitability of Exoplanets]
             
                This graphic shows a three-dimensional map of stars near the sun. These stars are close enough that they could be prime targets for direct imaging searches for planets using future telescopes. The blue haloes represent stars that have been observed with NASA's Chandra X-ray Observatory and ESA's XMM-Newton. The yellow star at the center of this diagram represents the position of the sun. The concentric rings show distances of 5, 10, and 15 parsecs (one parsec is equivalent to roughly 3.2 light-years). Credit: Cal Poly Pomona/B. Binder; Illustration: NASA/CXC/M.Weiss
            
        

    


Using NASA's Chandra X-ray Observatory and ESA's (European Space Agency's) XMM-Newton, astronomers are exploring whether nearby stars could host habitable exoplanets, based on whether they emit radiation that could destroy potential conditions for life as we know it. This type of research will help guide observations with the next generation of telescopes aiming to take the first images of planets like Earth.



										    
																																	
A team of researchers has examined stars that are close enough to Earth that future telescopes could take images of planets in their so-called habitable zones, defined as orbits where the planets could have liquid water on their surfaces. Their results were presented at the 244th meeting of the American Astronomical Society in Madison, Wisconsin.

Any images of planets will be single points of light and will not directly show surface features like clouds, continents, and oceans. However, their spectra--the amount of light at different wavelengths--will reveal information about the planets' surface compositions and atmospheres.



    
    
    
        
        
    
            
            This video shows a three-dimensional map of stars near the sun on the left side of our screen and a dramatic illustration of a star with a planet orbiting around it on the right side. The star map on the left shows many circular dots of different colors floating within an illustrated three-sided box. Each wall of the box is constructed in a grid pattern, with straight lines running horizontally and vertically like chicken wire. Dots that are colored blue represent stars that have been observed with NASA's Chandra and ESA's XMM-Newton. Suspended in the box, at about the halfway point, is a series of three concentric circles surrounding a central dot that indicates the placement of our sun. The circles represent distances of 5, 10, and 15 parsecs. One parsec is equivalent to roughly 3.2 light-years. In the animation, the dot filled, chicken wire box spins around slowly, first on its X axis and then on its Y axis, providing a three-dimensional exploration of the plotted stars. Credit: Cal Poly Pomona/B. Binder; Illustration: NASA/CXC/M.Weiss
  

There are several factors influencing what could make a planet suitable for life as we know it. One of those factors is the amount of harmful X-rays and ultraviolet light it receives from its host star, which can damage or even strip away the planet's atmosphere.

"Without characterizing X-rays from its host star, we would be missing a key element on whether a planet is truly habitable or not," said Breanna Binder of California State Polytechnic University in Pomona, who led the study. "We need to look at what kind of X-ray doses these planets are receiving."


																																						
    
     




																																			Binder and her colleagues began with a list of stars that are close enough to Earth for which future ground and space-based telescopes could obtain images of planets within their habitable zones. These future telescopes include the Habitable Worlds Observatory and ground-based extremely large telescopes.

Based on X-ray observations of some of these stars using data from Chandra and XMM-Newton, Binder's team examined which stars could host planets with hospitable conditions for life to form and prosper.

The team studied how bright the stars are in X-rays, how energetic the X-rays are, and how much and how quickly they change in X-ray output, for example, due to flares. Brighter and more energetic X-rays can cause more damage to the atmospheres of orbiting planets.

"We have identified stars where the habitable zone's X-ray radiation environment is similar to or even milder than the one in which Earth evolved," said Sarah Peacock, a co-author of the study from the University of Maryland, Baltimore County. "Such conditions may play a key role in sustaining a rich atmosphere like the one found on Earth."



    
    
    
        
        
    
         
             
         

        Credit: Chandra X-ray Center
  

The researchers used data available in archives from almost 10 days of Chandra observations and about 26 days of XMM observations to examine the X-ray behavior of 57 nearby stars, some of them with known planets. Most of these are giant planets like Jupiter, Saturn or Neptune, while only a handful of planets or planet candidates could be less than about twice as massive as Earth.


																																			There are likely many more planets orbiting stars in the sample, especially ones similar in size to Earth, that so far remain undetected. Transit studies, which look for tiny dips in light when planets pass in front of their stars from our perspective, miss many planets because special geometry is required to spot them. This means the chances of detecting transiting planets in a small sample of stars is low; only one exoplanet in the sample was picked up by transits.

The other main technique for detecting planets is via detection of the wobbling of a star induced by the orbiting planets, and this technique is mainly sensitive to finding giant planets relatively close to their host stars.

"We don't know how many planets similar to Earth will be discovered in images with the next generation of telescopes, but we do know that observing time on them will be precious and extremely difficult to obtain," said co-author Edward Schwieterman of the University of California at Riverside. "These X-ray data are helping to refine and prioritize the list of targets and may allow the first image of a planet similar to Earth to be obtained more quickly."
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Quirky circling behavior in mice informs research on humans in space

										


    
        
            [image: Quirky circling behavior in mice informs research on humans in space ]
             
                Rodent habitat (RH), camera views and field visibility. (a) Left. RH unit with two access ports on top. Right. Dual housing areas with two camera positions per compartment shown in 1 g orientation. Each RH is bisected by a grate (depicted by the black vertical line) yielding left and right caging compartments housing five mice per side. Within each compartment, one camera was mounted in close proximity to the waste filter (yellow arrows depict 'Filter' camera), and the other camera in close proximity to the Lixit tubes (red arrows depict 'Lixit' camera) mounted on the water reservoir. (b) Images acquired from corresponding left and right camera locations. (c) Digitized images captured at 5-day intervals beginning on Launch (L) + 5 (first full ISS mission flight day) derived from the right filter view (Validation cohort). Obscured areas colorized in red (Adobe Photoshop CC 2014) represent debris accumulation on the camera lens. Binary images were created, then proportions of obscured versus non-obscured pixels calculated using Image J (http://rsb.info.nih.gov/ij/). (d) Percent (mean +/[?] se) in visibility over time was calculated using Image J (http://rsb.info.nih.gov/ij/). On L + 20, the final mission day for Experimental mice, camera visibility for Validation and Experimental mice did not differ statistically from one another, although a trend toward poorer visibility of Experimental relative to Validation mice was observed. Credit: NASA
            
        

    


During the Rodent Research-1 (RR-1) mission flown to the ISS in 2014, videos that were taken to observe the mice revealed an unusual behavior that researchers are still working to understand. Young (16-week-old) but not old (32-week-old) mice engaged in a high level of "running" behavior beginning within two weeks of launch, according to research in Scientific Reports in 2019.




										    
																					Some alternate interpretations of the running behavior of mice in orbit include significant scientific literature on the rewarding effects of physical exercise, as seen in footage of Astronaut Alan Bean on Space Lab. A multi-investigator collaborative team of scientists is conducting follow-up studies on the ground as well as in space on the upcoming Rodent Research-26 mission to understand more about what could be driving this behavior. Comprehensive and in-depth molecular biology studies will be looking at potential indicators of stress (maladaptive coping) or whether the running behavior is a beneficial adaptation to the weightlessness of space.



    
    
    
        
        
    
            
            Video of the quirky circling behavior of mice aboard the ISS was recently released. Scientists will be doing further research to understand what's behind this unexplained behavior. Credit: NASA
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												April E. Ronca et al, Behavior of mice aboard the International Space Station, Scientific Reports (2019). DOI: 10.1038/s41598-019-40789-y
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Astronomers discover parallel disks and jets erupting from a pair of young stars

										

    
        
            [image: It's twins! Astronomers discover parallel disks and jets erupting from a pair of young stars]
             
                At left, a mid-infrared image of the rho Ophiuchi molecular cloud complex by NASA's Spitzer Space Telescope, the focus pointing to star system WL20. At right, WL20 expands to reveal an artist's impression of this new discovery. Astronomers couldn't believe their luck when observations across multiple radio and infrared wavelengths from ALMA and JWST revealed twin disks and jets erupting from a pair of young binary stars in WL20. Credit: U.S. NSF/ NSF NRAO/B. Saxton.; NASA/JPL-Caltech/Harvard-Smithsonian CfA
            
        

    


Most of the universe is invisible to the human eye. The building blocks of stars are only revealed in wavelengths that are outside of the visible spectrum. Astronomers recently used two very different, and very powerful, telescopes to discover twin disks--and twin parallel jets--erupting from young stars in a multiple star system.



										      
         
        
        
        

      

																																	This discovery was unexpected, and unprecedented, given the age, size, and chemical makeup of the stars, disks, and jets. Their location in a known, well-studied part of the universe adds to the thrill.

Observations from the U.S. National Science Foundation's (NSF) National Radio Astronomy Observatory's (NRAO) Atacama Large Millimeter/submillimeter Array (ALMA) and NASA's James Webb Space Telescope's (JWST) Mid-Infrared Instrument (MIRI) were combined for this research.

ALMA and JWST's MIRI observe very different parts of the electromagnetic spectrum. Using them together allowed astronomers to discover these twins, hidden in radio and infrared wavelengths in star system WL20, located in the nearby rho Ophiuchi molecular cloud complex, over 400 light years away from the Earth's solar system.

"What we discovered was absolutely wild," shares astronomer Mary Barsony, "We've known about star system WL20 for a long time. But what caught our attention is that one of the stars in the system appeared much younger than the rest. Using MIRI and ALMA together, we actually saw that this ONE star was TWO stars right next to each other. Each of these stars was surrounded by a disk, and each disk was emitting jets parallel to the other."



    
        
            [image: It's twins! Astronomers discover parallel disks and jets erupting from a pair of young stars]
             
                These brightly colored shapes represent astronomical data collected by NRAO's ALMA and NASA's JWST telescopes. At left, a composite image overlaps ALMA and JWST data revealing the discs and parallel jets emitting from the pair of binary stars in WL20. At right, the breakdown of the separate ALMA data, and JWST data representing various chemical compositions, is shown. Credit: U.S. NSF/ NSF NRAO/ ALMA(ESO/NAOJ/NRAO)/ NASA/ JPL-Caltech/ JWST/ B. Saxton.
            
        

    



ALMA spotted the disks, while MIRI found the jets. Co-author Valentin J.M. Le Gouellec of NASA-ARC retrieved and reduced ALMA archival data to reveal the disks' composition, while Lukasz Tychoniec of Leiden Observatory provided high-resolution images, revealing the disks massive size, approximately 100 times the distance between the Earth and the sun. Another co-author, Martijn L. van Gelder, provided resources to process the data collected by MIRI, revealing the chemical makeup of the jets.


																																						
    
     




																																			Barsony adds, "So if it weren't for MIRI, we wouldn't even know that these jets existed, which is amazing."

ALMA's high resolution observations of the disks surrounding the two newly observed stars revealed the disks' structure, as Barsony explains, "Someone looking at this ALMA data not knowing there were twin jets would think, oh, it's a large edge on disk with a central hole, instead of two edge on disks and two jets. That's pretty remarkable."

Another remarkable thing about this discovery is that it may never have had the opportunity to happen. Explains JPL scientist Michael Ressler, "A lot of the research about binary protostars focuses on a few nearby star forming regions. I had been awarded some observing time of my own with JWST, and I chose to split it into a few small projects.

"For one project, I decided to study binaries in the Perseus star forming region. However, I had been studying WL20, which is in the rho Ophiuchus region in nearly the opposite part of the sky, for nearly 30 years, and I thought, 'why not sneak it in? I'm never going to get another chance, even if it doesn't quite fit with the others." We had a very fortunate accident with what we found, and the results are stunning."

By combining multi-wavelength data from ALMA and JWST, these new findings shed light on the complex processes involved in the formation of multiple star systems. Astronomers plan to utilize ALMA's future upgraded capabilities, like the Wideband Sensitivity Upgrade, to continue unraveling the mysteries surrounding the birth of stars and planetary systems.
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        A catalyst developed at LIKAT in Rostock opens up new avenues in the synthesis of fine chemicals for pharmaceuticals, agrochemicals and household chemicals, for example. Its effect is based on isolated copper atoms applied to a solid carrier material around which the reaction solution flows.
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                The inhibitor 7,8-dihydroxyflavone (purple) bound to pyridoxal phosphatase (green) Credit: Marian Brenner / JMU
            
        

    


A low vitamin B6 level has negative effects on brain performance. A research team from Wurzburg University Medicine has now found a way to delay the degradation of the vitamin.



										      
         
        
        
        

      

																																	
Vitamin B6 is important for brain metabolism. Accordingly, in various mental illnesses, a low vitamin B6 level is associated with impaired memory and learning abilities, with a depressive mood, and even with genuine depression. In older people, too little vitamin B6 is linked to memory loss and dementia.

Although some of these observations were made decades ago, the exact role of vitamin B6 in mental illness is still largely unclear. What is clear, however, is that an increased intake of vitamin B6 alone, for example in the form of dietary supplements, is insufficient to prevent or treat disorders of brain function.

A research team from Wurzburg University Medicine has now discovered another way to increase vitamin B6 levels in cells more effectively: namely by specifically inhibiting its intracellular degradation. Antje Gohla, Professor of Biochemical Pharmacology at the Department of Pharmacology and Toxicology at Julius-Maximilians-Universitat Wurzburg (JMU), is responsible for this.

Other participants come from the Rudolf Virchow Center for Integrative and Translational Bioimaging at JMU, the Leibniz-Forschungsinstitut fur Molekulare Pharmakologie-FMP Berlin and the Institute for Clinical Neurobiology at Wurzburg University Hospital. The team has now published the results of their investigations in the journal eLife.


																																						
    
     




																																			Enzyme blockade improves learning ability

"We were already able to show in earlier studies that genetically switching off the vitamin B6-degrading enzyme pyridoxal phosphatase in mice improves the animals' spatial learning and memory capacity," explains Gohla. In order to investigate whether such effects can also be achieved by pharmacological agents, the scientists have now looked for substances that bind and inhibit pyridoxal phosphatase.

"In our experiments, we identified a natural substance that can inhibit pyridoxal phosphatase and thus slow down the degradation of vitamin B6," explains the pharmacologist. The working group was actually able to increase vitamin B6 levels in nerve cells that are involved in learning and memory processes. The name of this natural substance: 7,8-Dihydroxyflavone.

New approach for drug therapy

7,8-Dihydroxyflavone has already been described in numerous other scientific papers as a molecule that can improve learning and memory processes in disease models for mental disorders. The new knowledge of its effect as an inhibitor of pyridoxal phosphatase now opens up new explanations for the effectiveness of this substance. This could improve the mechanistic understanding of mental disorders and represent a new drug approach for the treatment of brain disorders, the scientists write in their study.

The team also considers it a great success that 7,8-Dihydroxyflavone has been identified as an inhibitor of pyridoxal phosphatase for the first time--after all, this class of enzymes is considered to be particularly challenging for drug development.

A long way to a drug

When will people benefit from this discovery? "It's too early to say," explains Marian Brenner, a first author of the study. However, there is much to suggest that it could be beneficial to use vitamin B6 in combination with inhibitors of pyridoxal phosphatase for various mental disorders and neurodegenerative diseases.

In a next step, Gohla and her team now want to develop improved substances that inhibit this enzyme precisely and highly effectively. Such inhibitors could then be used to specifically test whether increasing cellular vitamin B6 levels is helpful in mental or neurodegenerative diseases.



																																																					
																				
																						More information:
												Marian Brenner et al, 7,8-Dihydroxyflavone is a direct inhibitor of human and murine pyridoxal phosphatase, eLife (2024). DOI: 10.7554/eLife.93094.3
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Spicy foods taste spicy because they contain a family of compounds called capsaicinoids. Capsaicin is the major culprit. It's found in chilies, jalapenos, cayenne pepper, and is even the active ingredient in pepper spray.




										      
         
        
        
        

      

																																	
Capsaicin doesn't actually physically heat up your mouth. The burning sensation comes from receptors in the mouth reacting to capsaicin and sending a signal to the brain that something is very hot.

That's why the "hot" chlli sensation feels so real--we even respond by sweating. To alleviate the heat, you need to remove the capsaicin from your mouth.

So why doesn't drinking water help make that spicy feeling go away? And what would work better instead?

Water-loving and water-hating molecules

To help us choose what might wash the capsaicin away most effectively, it's helpful to know that capsaicin is a hydrophobic molecule. That means it hates being in contact with water and will not easily mix with it.

Look what happens when you try to mix hydrophobic sand with water.

On the other hand, hydrophilic molecules love water and are very happy to mix with it.

You've likely seen this before. You can easily dissolve hydrophilic sugar in water, but it's hard to wash away hydrophobic oils from your pan using tap water alone.



    
    
    
        
        
    
         
             
         

          

If you try to wash hydrophobic capsaicin away with water, it won't be very effective, because hydrophilic and hydrophobic substances don't mix.


																																						
    
     




																																			Going for iced water will be even less effective, as hydrophobic capsaicin is even less soluble in water at lower temperatures. You may get a temporary sense of relief while the cold liquid is in your mouth, but as soon as you swallow it, you'll be back where you started.

Instead, a good choice would be to consume something that is also hydrophobic. This is because of an old-but-true adage in chemistry that "like dissolves like."

The idea is that generally, hydrophobic substances will not dissolve in something hydrophilic--like water--but will dissolve in something that is also hydrophobic, as the video shows.



    
    
    
        
        
    
         
             
         

          

 My mouth is on fire. What should I drink instead of water?

A swig of oil would likely be effective, but is perhaps not so palatable.

Milk makes for an ideal choice for two reasons.

The first is that milk contains hydrophobic fats, which the capsaicin will more easily dissolve in, allowing it to be washed away.

The second is that dairy products contain a protein called casein. Casein is an emulsifier, a substance that helps oils and water mix, as in this video:

Casein plays a large role in keeping the fat mixed throughout your glass of milk, and it also has a strong affinity for capsaicin. It will readily wrap up and encapsulate capsaicin molecules and assist in carrying them away from the receptor. This relieves the burning sensation.


																																			Okay, but I hate drinking milk. What else can I try?

What about raita? This dish, commonly served with Indian curries, is made primarily from yogurt. So aside from being its own culinary experience, raita is rich in fats, and therefore contains plenty of hydrophobic material. It also contains casein, which will again help lock up and remove the capsaicin.

Ice cream would also work, as it contains both casein and large amounts of hydrophobic substances.

Some studies have also shown that consuming drinks with large amounts of sugar can relieve spiciness.



    
    
    
        
        
    
         
             
         

          

What about reaching for that ice-cold beer?

This is commonly suggested as a suitable approach to stop the burning. At first glance, this may seem a good idea because capsaicin is highly soluble in alcohol.

However, most beers only contain between 4 and 6% alcohol. The bulk of the liquid in beer is water, which is hydrophilic and cannot wash away capsaicin. The small amount of alcohol in your beer would make it slightly more effective, but not to any great degree.

Your curry and beer may taste great together, but that's likely the only benefit.

In truth, an alcoholic beverage is not going to help much unless you go for something with a much, much higher alcohol content, which comes with its own problems.



																																																					
																					
																					
                              																					 
												  

This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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Scientists propose distance-based visual miRNA biosensor
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                Illustration of the sensing principle of the distance-based miRNA assay. Credit: SIBET
            
        

    


Point-of-care testing (POCT) devices show great advantages over conventional diagnostic tests in being accessible to patients and providing timely diagnostic information. The global POCT market has grown remarkably over the past few decades. Distance-based devices are attracting great interest due to their simplicity, affordability, and ease of application.



										    
																					
Researchers at the Suzhou Institute of Biomedical Engineering and Technology (SIBET) of the Chinese Academy of Sciences have proposed a distance-based visual miRNA biosensor based on a DNA hydrogel system. The results of the study, titled "Distance-Based Visual miRNA Biosensor with Strand Displacement Amplification-Mediated DNA Hydrogel Assembly," were published in ACS Materials Letters.

The target miRNA-initiated strand displacement amplification process will produce abundant single-stranded DNA, which are essential probes for the linking of the three-way junction scaffold of the hydrogel.

The phase transition of the solution is confirmed by elastic and electrochemical techniques. A distance-based paper biosensing method is thus set up by establishing the relationship between the seepage flow distance along the strip and the initial miRNA concentration.
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                    Principle of the elasticity instrument and the optimization by amplitude comparison. Credit: SIBET
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                    A. Photograph of filter strips after the reactions with different amounts of miRNA; B. Seepage flow distances of DNA hydrogel induced by miRNA; C. Linear relationship; D. Flow distances of DNA hydrogel induced by let-7a and the family members; E. Comparison of the flow distances; F. Concentrations of miRNA in control and patient samples. Credit: SIBET
                
            

        

    

Due to the strand displacement amplification, the biosensor is not only simple but also highly sensitive with a detection limit down to 1 fM.

Since the three-dimensional DNA hydrogel provides abundant binding sites, the detection range is quite wide, according to the researchers.

The biosensor is shown to be highly selective, and the results of human serum analysis are consistent with standard quantitative reverse transcription-PCR.

"This approach has the advantages of convenient operation and low cost, which meets the requirements of point-of-care testing," said Miao Peng, lead author of the study. "It is promising as a convenient tool for miRNA-related biological studies and clinical diagnosis."



																														
																				
																						More information:
												Chengyu Yan et al, Distance-Based Visual miRNA Biosensor with Strand Displacement Amplification-Mediated DNA Hydrogel Assembly, ACS Materials Letters (2024). DOI: 10.1021/acsmaterialslett.4c00650
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A first look inside radium's solid-state chemistry

										

    
        
            [image: A first look inside radium's solid-state chemistry]
             
                Illustration of the structure of the radium compound characterized in this research. Single crystal X-ray diffraction provided detailed information on the bonding of radium in an organic molecule for the first time. Credit: Christopher Orosco, Oak Ridge National Laboratory
            
        

    


For the first time in history, scientists have measured radium's bonding interactions with oxygen atoms in an organic molecule. Scientists have not measured this bonding before because radium-226 is available only in small amounts and it is highly radioactive (radium is one million times more radioactive than the same mass of uranium), making it challenging to work with.



										      
         
        
        
        

      

																					
The findings are published in the journal Nature Chemistry.

Using oxygen as the donor atom, the researchers developed a way to synthesize and crystallize the radium complex rapidly and on a small scale. Next, they measured the X-ray diffraction pattern of the complex. This pattern is created by the complex's crystal structure and reveals its structure and bonding characteristics.

Certain radium isotopes show promise for targeted alpha therapy treatment for cancers. For this type of treatment, radium must be bonded to another molecule, called a "chelator," and delivered directly to tumors in the body. There, the radium gives off powerful radiation that travels only a very short distance to attack the tumor and leaves surrounding cells unharmed.

When developing these chelators, scientists typically use barium because it is chemically similar to radium. However, this study showed that radium is quite different from barium. The result gives scientists information that may help them use radium in future cancer treatments.

Working with radium, which is highly radioactive, required the researchers to develop a process for synthesis and crystallization on a nanogram scale.

Their success using this technique to characterize radium potentially allows scientists to learn exactly how radium binds to other elements--oxygen or nitrogen, for example. Since nitrogen and oxygen are elements typically present in chelators, and radium interacts with them during bonding, this information will be helpful for developing chelators to carry radium to cancer sites in targeted alpha therapy treatment.

This work also demonstrates significant differences between radium and barium in how they interact with chelators, suggesting that barium is not always a good stand-in for radium when developing these chelators. The methods the researchers used to characterize and analyze radium potentially could be used to learn about other challenging radioactive complexes.



																														
																				
																						More information:
												Frankie D. White et al, Structure and bonding of a radium coordination compound in the solid state, Nature Chemistry (2023). DOI: 10.1038/s41557-023-01366-z
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Researchers accidentally discover that mixing water with a peptide results in self-assembling and self-healing glass
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                Cracking and self-healing of the peptide glass. Credit: Nature (2024). DOI: 10.1038/s41586-024-07408-x
            
        

    


A team of materials scientists from Tel Aviv University and Ben-Gurion University of the Negev, both in Israel, working with a colleague from California Institute of Technology, in the U.S., has found that mixing a certain peptide with water results in the creation of a self-assembling and self-healing glass.



										      
         
        
        
        

      

																					
While investigating the properties of other proteins, the group stumbled upon the discovery, which has been published in Nature Communications. Silvia Marchesan, with the University of Trieste, in Italy, has published a News and Views piece in the same journal issue, outlining the newly found glass and possible uses for it.

In this new effort, the research team was investigating the possibility of using short peptides as stand-ins for conventional components of complex macro-molecules. As part of that effort, they worked with a dipeptide molecule that consisted of two phenylalanine residues when they discovered that mixing it with nothing but water led to the creation of a self-assembling type of supramolecular amorphous glass as the water evaporated at room temperature.

What was most surprising about the discovery was that peptide self-assembly in the past has typically led to the creation of materials with a crystalline structure, something that would not be transparent and thus not even close to glass.



    
    
    
        
        
    
         
             
         

          

Upon discovering the new type of glass, the researchers began investigating its properties. They found that in addition to automatically building itself, the glass was both self-healing and adhesive, despite being highly rigid.

It was also deemed to be extremely strong. The researchers found that it was as transparent as traditional glass, and further investigation showed that the glass could be used to make glass panes and coatings to create hydrophilic surfaces. They also found it could be used to make things that require precision, such as optical lenses that could be used for a wide range of magnification purposes.

The research team suggests that additional testing could lead to a wide variety of uses for the glass, noting that the new type of glass does not require a lot of energy to produce as is typical with most glasses now in commercial use.



																														
																				
																						More information:
												Gal Finkelstein-Zuta et al, A self-healing multispectral transparent adhesive peptide glass, Nature (2024). DOI: 10.1038/s41586-024-07408-x

Silvia Marchesan, Self-healing glass from a simple peptide -- just add water, Nature (2024). DOI: 10.1038/d41586-024-01505-7
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                High-resolution image of the individual copper atoms (marked in red) of the heterogeneous catalyst (Cu-SAC) using a scanning transmission electron microscope (STEM). Credit: LIKAT
            
        

    


A catalyst developed at LIKAT in Rostock opens up new avenues in the synthesis of fine chemicals for pharmaceuticals, agrochemicals and household chemicals, for example. Its effect is based on isolated copper atoms applied to a solid carrier material around which the reaction solution flows.



										      
         
        
        
        

      

																																	
This heterogeneous catalysis, so called because the aggregate states of the catalyst (solid) and the starting materials (liquid) differ, is highly unusual in the production of pharmaceuticals, for example. The researchers report on the new approach in the journal Chem.

Hot topic: Heterogeneous instead of homogeneous

In the production of fine chemicals, chemists usually use the classic workhorse, homogeneous catalysis: starting materials, catalyst and end product are in a liquid mix (homogeneous, i.e. in the same aggregate state) in one vessel. One advantage of this catalysis is the mild reaction temperatures, which are gentle on the sensitive structures of these complex molecules.

However, homogeneous catalysis has decisive disadvantages. This is why one of the "hot topics" in chemistry is to replace these processes with heterogeneous procedures. Two Humboldt Fellows at the Leibniz Institute for Catalysis in Rostock have succeeded in doing this for a single step within a multi-stage reaction cascade that fine chemicals usually undergo during their production.

Dr. Qiang Wang and Dr. Haifeng Qi developed a heterogeneous copper catalyst and were able to use it to re-establish important bonds between carbon and other chemical elements in numerous complex molecules at moderate temperatures of 60 degrees Celsius.


																																						
    
     




																																			Single-atom structure on MOFs

When developing their catalyst, they applied the copper atoms to the carrier material in isolated form, i.e. individually. This so-called single-atom structure enabled Wang and Qi to enormously increase the precision of their catalyst, which chemists refer to as selectivity. Their copper catalyst has also outperformed the homogeneous process in terms of yield.

"Individually, copper atoms offer the reaction environment a much larger surface area than when they are connected in clusters or nanoparticles," say Dr. Kathrin Junge and Prof. Jagadeesh Rajenahally, explaining the principle.

Junge and Rajenahally are co-authors of the Chem paper and supervised Haifeng Qi and Qiang Wang. The two Humboldt Fellows are now working in other research groups in China and the UK. Kathrin Junge explains the significance of her research, "Active ingredients, vitamins and fragrances are often modeled on nature and are created through total synthesis, which in turn can involve a dozen or more reaction steps."

After each step, the substances must be separated, purified and prepared for the next reaction stage. However, the catalysts, usually organometallic complexes, are difficult to recover from the homogeneous reaction solutions. And metal impurities represent a real hurdle for the approval of drugs, as the authors write in the original paper.

The two Humboldt fellows circumvented this problem by stably bonding their metal to a solid carrier material. They used organometallic framework structures as carriers, which have been making a name for themselves in chemistry for several years under the name MOFs.

"These MOFs contain structures similar to those of ligands in homogeneous catalysts," explains Dr. Junge. Their function is simulated to a certain extent with the help of the corresponding structure in the heterogeneous copper catalyst.

Substances selected for specific applications

Qiang Wang and Haifeng Qi demonstrated the functionality of their heterogeneous catalyst using a variety of complex molecules that are used in organic synthesis chemistry. For example, for the production of pharmaceuticals, vitamins in animal feed production and fragrances in household chemistry.

Dr. Junge said, "The two colleagues have thus shown that their research work really does have potential applications in mind." Or, as the original paper puts it, "The use of more stable heterogeneous materials is a model for future catalysis in the field of organic syntheses."



																																																					
																				
																						More information:
												Qiang Wang et al, A general atomically dispersed copper catalyst for C-O, C-N, and C-C bond formation by carbene insertion reactions, Chem (2024). DOI: 10.1016/j.chempr.2024.02.021
																						
																						

												
													Journal information:
																											Chem
														
															
																
															
														 
																									

											

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Chemists demonstrate heterogeneous catalysis for synthesis of complex molecule (2024, June 13)
												retrieved 13 June 2024
												from https://phys.org/news/2024-06-chemists-heterogeneous-catalysis-synthesis-complex.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/2024-06-chemists-heterogeneous-catalysis-synthesis-complex.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Scientists preserve DNA in an amber-like polymer]
             
                Graphical abstract. Credit: Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c01925
            
        

    


In the movie "Jurassic Park," scientists extracted DNA that had been preserved in amber for millions of years, and used it to create a population of long-extinct dinosaurs.



										      
         
        
        
        

      

																																	
Inspired partly by that film, MIT researchers have developed a glassy, amber-like polymer that can be used for long-term storage of DNA, whether entire human genomes or digital files such as photos.

Most current methods for storing DNA require freezing temperatures, so they consume a great deal of energy and are not feasible in many parts of the world. In contrast, the new amber-like polymer can store DNA at room temperature while protecting the molecules from damage caused by heat or water.

The researchers showed that they could use this polymer to store DNA sequences encoding the theme music from Jurassic Park, as well as an entire human genome. They also demonstrated that the DNA can be easily removed from the polymer without damaging it.

"Freezing DNA is the number one way to preserve it, but it's very expensive, and it's not scalable," says James Banal, a former MIT postdoc. "I think our new preservation method is going to be a technology that may drive the future of storing digital information on DNA."

Banal and Jeremiah Johnson, the A. Thomas Geurtin Professor of Chemistry at MIT, are the senior authors of the study, published in the Journal of the American Chemical Society. Former MIT postdoc Elizabeth Prince and MIT postdoc Ho Fung Cheng are the lead authors of the paper.


																																						
    
     




																																			Capturing DNA

DNA, a very stable molecule, is well-suited for storing massive amounts of information, including digital data. Digital storage systems encode text, photos, and other kinds of information as a series of 0s and 1s. This same information can be encoded in DNA using the four nucleotides that make up the genetic code: A, T, G, and C. For example, G and C could be used to represent 0 while A and T represent 1.

DNA offers a way to store this digital information at very high density: In theory, a coffee mug full of DNA could store all of the world's data. DNA is also very stable and relatively easy to synthesize and sequence.

In 2021, Banal and his postdoc advisor, Mark Bathe, an MIT professor of biological engineering, developed a way to store DNA in particles of silica, which could be labeled with tags that revealed the particles' contents. That work led to a spinout called Cache DNA.

One downside to that storage system is that it takes several days to embed DNA into the silica particles. Furthermore, removing the DNA from the particles requires hydrofluoric acid, which can be hazardous to workers handling the DNA.

To come up with alternative storage materials, Banal began working with Johnson and members of his lab. Their idea was to use a type of polymer known as a degradable thermoset, which consists of polymers that form a solid when heated. The material also includes cleavable links that can be easily broken, allowing the polymer to be degraded in a controlled way.


																																			"With these deconstructable thermosets, depending on what cleavable bonds we put into them, we can choose how we want to degrade them," Johnson says.

For this project, the researchers decided to make their thermoset polymer from styrene and a cross-linker, which together form an amber-like thermoset called cross-linked polystyrene. This thermoset is also very hydrophobic, so it can prevent moisture from getting in and damaging the DNA. To make the thermoset degradable, the styrene monomers and cross-linkers are copolymerized with monomers called thionolactones. These links can be broken by treating them with a molecule called cysteamine.

Because styrene is so hydrophobic, the researchers had to come up with a way to entice DNA--a hydrophilic, negatively charged molecule--into the styrene.

To do that, they identified a combination of three monomers that they could turn into polymers that dissolve DNA by helping it interact with styrene. Each of the monomers has different features that cooperate to get the DNA out of water and into the styrene. There, the DNA forms spherical complexes, with charged DNA in the center and hydrophobic groups forming an outer layer that interacts with styrene. When heated, this solution becomes a solid glass-like block, embedded with DNA complexes.

The researchers dubbed their method T-REX (Thermoset-REinforced Xeropreservation). The process of embedding DNA into the polymer network takes a few hours, but that could become shorter with further optimization, the researchers say.

To release the DNA, the researchers first add cysteamine, which cleaves the bonds holding the polystyrene thermoset together, breaking it into smaller pieces. Then, a detergent called SDS can be added to remove the DNA from polystyrene without damaging it.


																																						
    
     




																																			Storing information

Using these polymers, the researchers showed that they could encapsulate DNA of varying length, from tens of nucleotides up to an entire human genome (more than 50,000 base pairs). They were able to store DNA encoding the Emancipation Proclamation and the MIT logo, in addition to the theme music from "Jurassic Park."

After storing the DNA and then removing it, the researchers sequenced it and found that no errors had been introduced, which is a critical feature of any digital data storage system.

The researchers also showed that the thermoset polymer can protect DNA from temperatures up to 75 degrees Celsius (167 degrees Fahrenheit). They are now working on ways to streamline the process of making the polymers and forming them into capsules for long-term storage.

Cache DNA, a company started by Banal and Bathe, with Johnson as a member of the scientific advisory board, is now working on further developing DNA storage technology. The earliest application they envision is storing genomes for personalized medicine, and they also anticipate that these stored genomes could undergo further analysis as better technology is developed in the future.

"The idea is, why don't we preserve the master record of life forever?" Banal says. "Ten years or 20 years from now, when technology has advanced way more than we could ever imagine today, we could learn more and more things. We're still in the very infancy of understanding the genome and how it relates to disease."



																																																					
																				
																						More information:
												Elisabeth Prince et al, Reversible Nucleic Acid Storage in Deconstructable Glassy Polymer Networks, Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c01925
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Scientists study effect of boron nitride microribbon on ceramic properties

										

    
        
            [image: Boron nitride microribbons strengthened and toughened alumina composite ceramics with excellent mechanical, dielectric, and thermal conductivity properties]
             
                The BNMR/Al2O3 composite ceramics prepared by spark plasma sintering (SPS) not only have excellent mechanical properties, but also have high thermal conductivity and low dielectric properties. Credit: Journal of Advanced Ceramics, Tsinghua University Press
            
        

    


In recent years, the high complexity of integrated devices has made heat accumulation increasingly critical and has resulted in higher heat dissipation requirements for substrates and packaging materials. In this study, boron nitride microribbon (BNMR)/Al2O3 composite ceramics are prepared using spark plasma sintering (SPS).



										      
         
        
        
        

      

																																	
This study examines the effect of varying the amount of toughened phase BNMR on the density, mechanical properties, dielectric constant, and thermal conductivity of BNMR/Al2O3 composite ceramics while also exploring the mechanisms behind the toughening and increased thermal conductivity of the fabricated ceramics.

A team of material scientists led by Ji-Lin Wang from Guilin University of Technology in Guilin, boron nitride microribbon (BNMR)/Al2O3 composite ceramics are prepared using spark plasma sintering (SPS). During the sintering process, the pliable BNMRs were continuously extruded and deformed by the Al2O3 grains under high temperature and pressure, followed by even wrapping of the Al2O3 grains.

The BNMRs distributed between the Al2O3 grain boundaries reduced the atomic diffusion coefficient and inhibited the potential abnormal growth of Al2O3 grains. In this process, not only a special nuclear shell structure is formed, but also a good BN thermal conduction pathway is constructed, which better promotes the rapid conduction of heat.

The team published their review in the Journal of Advanced Ceramics on April 30, 2024.


																																						
    
     




																																			"In this work, we prepared BNMR/Al2O3 composite ceramics, and during the sintering process, the pliable BNMRs were continuously extruded and deformed by the Al2O3 grains under high temperature and pressure, and as a result, not only did we form a special thermal conductivity pathway to enhance the thermal conductivity of the composites, but we also improved the mechanical properties of the Al2O3 ceramics," said Ji-Lin Wang, first author of this new paper, associate researcher of the School of Materials Science and Engineering at Guilin University of Technology.

The BNMRs/Al2O3 composite ceramics composed of 3-4 um Al2O3 and 1-2 um BNMRs powders showed good overall performance, and for 5 wt% content of BNMRs composite ceramics, the relative densities, hardness, fracture toughness, and flexural strengths, respectively, were 99.95%+-0.025%, 34.11+-1.5 Gpa, 5.42+-0.21 MPa*m1/2, and 375+-2.5 MPa, and the thermal conductivity and dielectric constant were 6.18+-0.02 and 15.89+-0.13 W/(m*K), respectively. The fracture toughness, bending strength and thermal conductivity increased by 35%, 25% and 45.6%, respectively, compared with the corresponding values for pure Al2O3 ceramics.


																																			The results of this study are promising to provide new experimental and theoretical references for improving the overall performance of high thermal conductivity alumina-based ceramic substrates.

The next work plan is to further improve the comprehensive performance of alumina Al2O3 based composite ceramic packaging substrates by introducing multiphase particles, whiskers or fibers to meet the needs of the latest electronic information technology development.

Additional study contributors include Dongping Lu, Weiping Xuan, Yuchun Ji, Shaofei Li, Wenbiao Li, Shilin Tang, Guoyuan Zheng and the corresponding authors Prof. Fei Long from Guilin University of Technology in Guilin, China; and Ruiqi Chen from the Department of Civil and Environmental Engineering at Hong Kong Polytechnic University.



																																																					
																				
																						More information:
												Jilin Wang et al, Boron nitride microribbons strengthened and toughened alumina composite ceramics with excellent mechanical, dielectric, and thermal conductivity properties, Journal of Advanced Ceramics (2024). DOI: 10.26599/JAC.2024.9220872
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Team develops predictive tool for designing complex metal alloys that can withstand extreme environments

										

    
        
            [image: Metal alloys that can take the heat]
             
                Researchers have developed a tool to predict how new high-entropy alloys will behave under high-temperature oxidative environments. Development of new alloys is important for the aerospace and nuclear power industries. Credit: Nathan Johnson | Pacific Northwest National Laboratory
            
        

    


Cooks love stainless steel for its durability, rust resistance and even cooking when heated. But few know the secret that makes stainless steel so popular. It's the metal chromium in stainless steel, which reacts with oxygen in the air to form a stable and protective thin coating for protecting the steel underneath.



										      
         
        
        
        

      

																																	
These days, scientists and engineers are working to design alloys that can resist extreme environments for applications such as nuclear fusion reactors, hypersonic flights and high-temperature jet engines. For such extreme applications, scientists are experimenting with complex combinations of many metals mixed in equal proportions in what are called multi-principal element alloys or medium- to high-entropy alloys. These alloys aim to achieve design goals such as strength, toughness, resistance to corrosion and so on.

Specifically, researchers seek alloys resistant to corrosion that can happen when metals react with oxygen in the atmosphere, a process called oxidation. These alloys are typically tested in a "cook-and-look" procedure where alloy materials are exposed to high-temperature oxidation environments to see how they respond.

But now, a multidisciplinary research team led by scientists at the Department of Energy's Pacific Northwest National Laboratory and North Carolina State University combined atomic-scale experiments with theory to create a tool to predict how such high-entropy alloys will behave under high-temperature oxidative environments. The research, published in the journal Nature Communications, offers a road map toward rapid design and testing cycles for oxidation-resistant complex metal alloys.


																																						
    
     




																																			"We are working toward developing an atomic-scale model for material degradation of these complex alloys, which then can be applied to design next-generation alloys with superior resistance to extreme environments for a wide variety of applications such as the aerospace and nuclear power industries," said Arun Devaraj, co-principal investigator of the study and a PNNL materials scientist specializing in understanding metal degradation in extreme environments.

"The goal here is to find ways to rapidly identify medium- to high-entropy alloys with the desired properties and oxidation resistance for your chosen application."



    
        
            [image: Metal alloys that can take the heat]
             
                Materials scientist Arun Devaraj works at an atom probe tomography instrument at Pacific Northwest National Laboratory. This precision instrument can show the placement of atoms in tiny samples of materials, such as metal alloys. Credit: Andrea Starr | Pacific Northwest National Laboratory
            
        

    



A complex alloy recipe

For their recent experiments, the research team studied the degradation of a high-entropy alloy with equal amounts of the metals cobalt, chromium, iron, nickel and manganese (CoCrFeNiMn, also called the Cantor alloy). The research team examined oxide formed on the Cantor alloy using a variety of advanced atomic-scale methods to understand how each element arranges itself in the alloy and the oxide.

They discovered that chromium and manganese tend to migrate quickly toward the surface and form stable chromium and manganese oxides. Subsequently, iron and cobalt diffuse through these oxides to form additional layers.


																																			By adding a small amount of aluminum, they discovered that aluminum oxide can act as a barrier for other elements migrating to form the oxide, thereby reducing the overall oxidation of the aluminum-containing Cantor alloy and increasing its resistance to degradation at high temperatures.

"This work sheds light on the mechanisms of oxidation in complex alloys at the atomic scale," said Bharat Gwalani, co-corresponding author of the study. Gwalani began the study while a scientist at PNNL and continued the research in his current role as an assistant professor of materials science and engineering at North Carolina State University. He added, "by understanding the fundamental mechanisms involved, this work gives us a deeper understanding of oxidation across all complex alloys."
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                Microscopic samples of complex metal alloy are placed on a sampling vessel to enter the atom probe tomography instrument. Credit: Andrea Starr | Pacific Northwest National Laboratory
            
        

    



Predictive models

"Right now there are no universally applicable governing models to extrapolate how a given complex, multi-principal element alloy will oxidize and degrade over time in a high-temperature oxidation environment," said Devaraj. "This is a substantial step in that direction."

The team's careful analysis revealed some universal rules that can predict how the oxidation process will proceed in these complex alloys. Computational colleagues from NCSU developed a model called the Preferential Interactivity Parameter for early prediction of oxidation behavior in complex metal alloys.

Ultimately, the research team expects to expand this research to develop complex alloys with exceptional high-temperature properties, and to do so very quickly by rapid sampling and analysis. The ultimate goal is to choose a combination of elements that favor the formation of an adherent oxide, said Devaraj. "You know oxide formation will happen, but you want to have a very stable oxide that will be protective, that would not change over time, and would withstand extreme heat inside a rocket engine or nuclear reactors."


																																						
    
     




																																			A next step will be to introduce automated experimentation and integrate additive manufacturing methods, along with advanced artificial intelligence, to rapidly evaluate promising new alloys. That project is now getting underway at PNNL as a part of the Adaptive Tunability for Synthesis and Control via the Autonomous Learning on Edge (AT SCALE) Initiative.

"That kind of discovery loop for materials discovery will be very relevant for further expanding our knowledge of these novel alloys," said Devaraj, who also has a joint faculty appointment at the Colorado School of Mines.

In addition to Gwalani and Devaraj, PNNL scientists Sten Lambeets, Matthew Olszta, Anil Krishna Battu and Thevuthasan Suntharampillai contributed; as well as Martin Thuo, Aram Amassian, Andrew Martin, Aniruddha Malakar, and Boyu Guo of NCSU; Elizabeth Kautz, an assistant professor of nuclear engineering at North Carolina State, who also has a joint appointment with PNNL; Feipeng Yang and Jinghua Guo of Lawrence Berkeley National Laboratory; and Ruipeng Li of Brookhaven National Laboratory.

To investigate the arrangement of atoms within the samples, the research team used in situ atom probe tomography at PNNL. These results were correlated with electron microscopy and synchrotron-based grazing incidence wide-angle X-ray scattering at the National Synchrotron Light Source II, BNL, and X-ray absorption measurements conducted at the Advanced Light Source, LBNL.
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												Bharat Gwalani et al, Mechanistic understanding of speciated oxide growth in high entropy alloys, Nature Communications (2024). DOI: 10.1038/s41467-024-49243-8
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                Credit: Journal of the American Chemical Society (2024). DOI: 10.1021/jacs.4c02177
            
        

    


As California transitions rapidly to renewable fuels, it needs new technologies that can store power for the electric grid. Solar power drops at night and declines in winter. Wind power ebbs and flows. As a result, the state depends heavily on natural gas to smooth out highs and lows of renewable power.



										      
         
        
        
        

      

																																	
"The electric grid uses energy at the same rate that you generate it, and if you're not using it at that time, and you can't store it, you must throw it away," said Robert Waymouth, the Robert Eckles Swain Professor in Chemistry in the School of Humanities and Sciences.

Waymouth is leading a Stanford team to explore an emerging technology for renewable energy storage: liquid organic hydrogen carriers (LOHCs). Hydrogen is already used as fuel or a means for generating electricity, but containing and transporting it is tricky.

"We are developing a new strategy for selectively converting and long-term storing of electrical energy in liquid fuels," said Waymouth, senior author of a study detailing this work in the Journal of the American Chemical Society. "We also discovered a novel, selective catalytic system for storing electrical energy in a liquid fuel without generating gaseous hydrogen."

Liquid batteries

Batteries used to store electricity for the grid--plus smartphone and electric vehicle batteries--use lithium-ion technologies. Due to the scale of energy storage, researchers continue to search for systems that can supplement those technologies.


																																						
    
     




																																			Among the candidates are LOHCs, which can store and release hydrogen using catalysts and elevated temperatures. Someday, LOHCs could widely function as "liquid batteries," storing energy and efficiently returning it as usable fuel or electricity when needed.

The Waymouth team studies isopropanol and acetone as ingredients in hydrogen energy storage and release systems. Isopropanol--or rubbing alcohol--is a high-density liquid form of hydrogen that could be stored or transported through existing infrastructure until it's time to use it as a fuel in a fuel cell or to release the hydrogen for use without emitting carbon dioxide.

Yet methods to produce isopropanol with electricity are inefficient. Two protons from water and two electrons can be converted into hydrogen gas, then a catalyst can produce isopropanol from this hydrogen.

"But you don't want hydrogen gas in this process," said Waymouth. "Its energy density per unit volume is low. We need a way to make isopropanol directly from protons and electrons without producing hydrogen gas."

Daniel Marron, lead author of this study who recently completed his Stanford Ph.D. in chemistry, identified how to address this issue. He developed a catalyst system to combine two protons and two electrons with acetone to generate the LOHC isopropanol selectively, without generating hydrogen gas. He did this using iridium as the catalyst.

A key surprise was that cobaltocene was the magic additive. Cobaltocene, a chemical compound of cobalt, a non-precious metal, has long been used as a simple reducing agent and is relatively inexpensive. The researchers found that cobaltocene is unusually efficient when used as a co-catalyst in this reaction, directly delivering protons and electrons to the iridium catalyst rather than liberating hydrogen gas, as was previously expected.


																																			A fundamental future

Cobalt is already a common material in batteries and in high demand, so the Stanford team is hoping their new understanding of cobaltocene's properties could help scientists develop other catalysts for this process. For example, the researchers are exploring more abundant, non-precious earth metal catalysts, such as iron, to make future LOHC systems more affordable and scalable.

"This is basic fundamental science, but we think we have a new strategy for more selectively storing electrical energy in liquid fuels," said Waymouth.

As this work evolves, the hope is that LOHC systems could improve energy storage for industry and energy sectors or for individual solar or wind farms.

And for all the complicated and challenging work behind the scenes, the process, as summarized by Waymouth, is actually quite elegant, "When you have excess energy, and there's no demand for it on the grid, you store it as isopropanol. When you need the energy, you can return it as electricity."

Additional Stanford co-authors are Conor Galvin, Ph.D. '23, and Ph.D. student Julia Dressel. Waymouth is also a member of Stanford Bio-X and the Stanford Cancer Institute, a faculty fellow of Sarafan ChEM-H, and an affiliate of the Stanford Woods Institute for the Environment.
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Unraveling the auxin-sucrose nexus in Lily bulbil formation

										

    
        
            [image: Roots of abundance: Unraveling the auxin-sucrose nexus in Lily bulbil formation]
             
                Morphological and histological observation of bulbil development. Credit: Horticulture Research
            
        

    


A study reveals how auxin and sucrose metabolism regulate bulbil initiation in Lilium lancifolium. By manipulating auxin levels and examining key sucrose metabolism genes, researchers found that low auxin concentrations enhance bulbil formation. This discovery offers promising implications for horticulture, providing new strategies to improve bulb propagation through hormonal and metabolic pathways.



										      
         
        
        
        

      

																																	
Bulbils in lilies serve as crucial vegetative reproductive organs, ensuring plant survival and propagation. The initiation of these structures, however, is not well-understood, particularly the roles of hormonal and metabolic pathways. Auxin, a plant hormone, is known to regulate various growth processes, including lateral organ formation. Sucrose metabolism provides essential energy and substrates for plant development.

Despite these known functions, the interplay between auxin and sucrose metabolism in bulbil initiation remains unclear. Based on these challenges, it is necessary to conduct in-depth research to understand the mechanisms underlying bulbil initiation.

Researchers from the Beijing Academy of Agriculture and Forestry Sciences and China Agricultural University published a study in Horticulture Research on February 23, 2024, revealing the mechanisms by which auxin regulates bulbil initiation in Lilium lancifolium. The study investigates how auxin levels, manipulated through treatments and gene silencing, affect sucrose metabolism and subsequently bulbil formation.

The study focused on understanding the role of auxin in bulbil initiation in Lilium lancifolium. Exogenous treatments with indole-3-acetic acid (IAA) and the auxin transport inhibitor N-1-naphthylphthalamic acid (NPA) were applied to manipulate auxin levels in leaf axils. Results showed that low auxin concentrations, achieved by NPA treatment or silencing of auxin biosynthesis genes LlYUC6 and LlTAR1, significantly enhanced bulbil formation.


																																						
    
     




																																			Histological observations confirmed that bulbil initiation coincided with lower auxin levels and increased expression of sucrose metabolism genes LlSusy1 and LlCWIN2. These genes were found to facilitate sucrose degradation, leading to higher glucose levels that promote bulbil initiation.

Additionally, the study identified the transcription factor LlbHLH35, which directly activates LlSusy1 in response to auxin signaling, thus linking auxin content to sucrose metabolism. This research highlights the critical role of the auxin-sucrose module in regulating bulbil initiation, providing a potential strategy to enhance lily propagation through hormonal and metabolic manipulation.

Dr. Jian Wu, a lead researcher in the study, commented, "Our findings reveal a sophisticated interaction between auxin and sucrose metabolism in lily bulbil initiation. By understanding and manipulating these pathways, we can potentially improve vegetative propagation in lilies and other horticultural crops."

The study's insights have major implications for horticulture. Manipulating auxin levels through chemicals or genetics can enhance bulbil formation and improve lily propagation efficiency. This could lead to new techniques that optimize bulb yield and quality, benefiting growers and breeders. Understanding these controls may also enhance propagation methods and yields in other crops.
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												Yin Xin et al, Auxin regulates bulbil initiation by mediating sucrose metabolism in Lilium lancifolium, Horticulture Research (2024). DOI: 10.1093/hr/uhae054
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Ripe for knowledge: Unraveling the genetic ties of banana softening
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                Physiological changes of banana fruit and molecular characterization of MabHLH28. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae053
            
        

    


A recent study has pinpointed a novel bHLH gene, MabHLH28, as a key regulator of banana fruit ripening. This gene significantly influences the softening process by upregulating the expression of softening-related genes, either independently or in synergy with MaWRKY49/111. The findings could revolutionize post-harvest fruit management, potentially reducing spoilage and extending fruit longevity.



										      
         
        
        
        

      

																																	
Fruit ripening is a critical phase that determines quality, storability, and market value. Over-softening poses challenges for storage and transport, causing economic losses. The mechanisms behind fruit softening involve the coordinated regulation of cell wall modification and starch degradation genes. Due to these challenges, there is a need to explore genetic regulators like MabHLH28 for better postharvest handling of fruits.

Researchers from the State Key Laboratory for Conservation and Utilization of Subtropical Agro-bioresources at South China Agricultural University published their findings on February 23, 2024, in Horticulture Research. They discovered that the bHLH transcription factor, MabHLH28, significantly upregulates during banana ripening and directly influences the expression of genes associated with fruit softening.

The study identified MabHLH28 from transcriptomic data related to banana ripening, revealing its significant upregulation during this process. MabHLH28 binds to promoters of softening-related genes such as MaPG3, MaPE1, MaPL5, MaPL8, MaEXP1, MaEXP2, MaEXPA2, MaEXPA15, MaGWD1, and MaLSF2, thereby enhancing their expression. Electrophoretic mobility shift assays (EMSA) and dual-luciferase reporter (DLR) assays validated these bindings.


																																						
    
     




																																			Functional experiments showed that transient overexpression of MabHLH28 in banana and tomato fruits accelerated ripening by upregulating these genes, while silencing MabHLH28 delayed the process. Furthermore, MabHLH28 interacts with transcription factors MaWRKY49 and MaWRKY111 to form protein complexes, which synergistically enhance the transcription of softening-related genes.

These findings suggest that MabHLH28 is a crucial regulator in banana fruit ripening, acting both independently and in cooperation with other transcription factors.

Dr. Xinguo Su, one of the corresponding authors, commented, "This discovery of MabHLH28's role in banana ripening is a significant step forward. By understanding these genetic pathways, we can develop new strategies to improve fruit quality and extend shelf life, benefiting both producers and consumers."

The findings of this study have practical implications for the fruit industry. By manipulating the expression of MabHLH28, it may be possible to control the ripening process, thereby improving the postharvest quality and extending the shelf life of bananas. This genetic approach offers a sustainable solution to reducing postharvest losses and ensuring better fruit quality during transport and storage.



																																																					
																				
																						More information:
												Chaojie Wu et al, Banana MabHLH28 positively regulates the expression of softening-related genes to mediate fruit ripening independently or via cooperating with MaWRKY49/111, Horticulture Research (2024). DOI: 10.1093/hr/uhae053
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Organic farmers' beliefs about soil microbiome affect their practices, study shows
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                Soil microbiome sample at an organic vegetable farm in New York State. Photo: Elias Bloom.
            
        

    


Organic farming can support soil microorganisms that promote plant defenses and reduce insect pests. But not all organic practices are equally beneficial for soil microbes, and it's important to understand farmer motivations in order to encourage the adoption of microbiome-supportive efforts.



										      
         
        
        
        

      

																																	
A new study from the University of Illinois Urbana-Champaign and Cornell University looks at how organic farmers' beliefs about the microbiome influence their soil management practices. The research is published in the journal Renewable Agriculture and Food Systems.

"There is very little research on what farmers think about the soil microbiome and what it means for which agricultural practices they adopt. In the long run, we want to understand organic farmers' incentives to adopt microbiome-friendly practices from an economic perspective," said co-author Shadi Atallah, associate professor in the Department of Agricultural and Consumer Economics, part of the College of Agricultural, Consumer and Environmental Sciences (ACES) at Illinois.

The researchers surveyed 85 organic vegetable farmers in New York, gauging their microbiome beliefs, farming practices, and motivations. The farmers were also asked to provide soil samples from their fields.

The survey included a brief explanation of the interaction of soil microbes and plant defenses. Then, farmers were asked to indicate their agreement with a series of statements about factors that influence the soil microbiome, including on-farm practices such as no-till, cover cropping, or mulches; farm characteristics; external factors from bordering lands; and climate events.


																																						
    
     




																																			"Overall, 96% of the farmers believed that the microbiome on their farm is influencing plant defenses and pest suppression. But there was much more variety in their beliefs about what factors promote a healthy microbiome," said lead author Elias Bloom, postdoctoral research associate at Cornell.

The researchers identified seven belief clusters, based on the farmers' agreement with the microbiome impact of on-farm practices, external factors, or a combination of those.

"We found that farmers who believed on-farm practices such as no-till or cover crops are important for influencing the microbiome also tended to adopt those practices. These beliefs are consistent with what the literature indicates are the preferred practices to support the microbiome," Bloom said.

The researchers also looked at demographic characteristics such as farm size and farmer's age and how that influenced the adoption of practices.

"For example, larger farms tend to be less diversified and less likely to adopt no-till and biological mulches. To promote these ecosystem benefits, researchers need to think about how to bring no-tillage and diversified crop production to a larger scale so they can be more manageable for larger farms," Bloom stated.

If Extension services and land management agencies have a goal of encouraging farmers to maximize investments in the soil microbiome, it's important to know how to target messages, Atallah said. Beliefs can be hard to measure, while socio-economic characteristics are more directly observable, so there is an opportunity to use these characteristics as a proxy for beliefs.


																																			The authors caution demographic variables did not fully predict the adoption of farming practices. They said it's important to examine beliefs in order to fully understand farmer motivations.

"There's another important and exciting part of the study, which we will explore in the next steps," said co-author Clare Casteel, associate professor in the School of Integrated Plant Science at Cornell. "We've also collected soil samples from all these farmers across the sites. We're actually going to measure changes in the microbiome and link biology to the understanding of economics and current beliefs."

Atallah noted this is an exploratory study focusing on a sample of organic farmers in New York, a state where organic farming is thriving. It doesn't allow for conclusions on a national scale, but the work can inform future research on microbiome-friendly practices.

"Understanding why different farmers might select different practices based on what they believe about the microbiome is a first step to understanding how to incentivize certain kinds of organic practices. Eventually, there could be market incentives such as a microbiome-friendly ecolabel on food," he added.

Bloom noted the work also relates to connections between the soil microbe and human health.

"What you put into your body influences your gut microbiome and your health. Similarly, what you put into your farm influences your soil microbiome and the health of your crops. There are important parallels between our work in organic agriculture and the soil microbiome to a broader interest in the public about the microbiome in general and how it influences all parts of our lives. We're still just at the beginning of understanding how it all fits together in humans and within farming systems."
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                Graphical abstract. Credit: Current Biology (2024). DOI: 10.1016/j.cub.2024.05.043
            
        

    


Plants are highly versatile organisms that have developed remarkable strategies to adapt to different environments. One such strategy is seed dormancy, an adaptation that temporally prevents viable seeds from germinating even under optimal conditions, when the subsequent seedling development is of high risk.



										      
         
        
        
        

      

																																	
In Mediterranean climates like that of Cyprus, summers can be excessively harsh, with very high temperatures and dry terrain. In such regions, germinating during the summer months would expose seedlings to potentially fatal conditions. A Cyprus-specific subspecies of Aethionema arabicum has developed a fascinating adaptation to stop seeds from germinating before or during the hot, dry summer months.

Zsuzsanna Merai, postdoctoral researcher in the group of Liam Dolan and formerly in the group of Ortrun Mittelsten Scheid at the GMI, now described the molecular basis of this adaptation in their study published in Current Biology.

Let there be light: Long days induce secondary seed dormancy

Last year, a team of researchers led by Zsuzsanna Merai described that direct light exposure can inhibit germination of Aethionema arabicum seeds. In their new study, the team studied whether light exposure could result in long-term suppression of germination, known as secondary dormancy.

Interestingly, the team found that secondary dormancy depends on the daily length of the light exposure. "This mechanism makes a lot of sense: day length is a much more stable condition than temperature or humidity, which may vary significantly from one day to the next," explains Merai. Indeed, days become longer in summer, which leads to seeds being exposed to light for a longer period.

"Aethionema seeds use this information to set up their germination in early spring, when the weather conditions are ideal for seedling development," Merai says. "When the days become too long, that signals to the seeds that summer is coming, and they shouldn't germinate anymore."

The researchers discovered that exposing seeds to 16 hours of light per day resulted in long-term suppression of germination maintained even in the absence of light. "Even if we put the seeds back to dark conditions, they will not germinate because they will remember that the conditions were not good for sprouting," Merai summarizes.


																																						
    
     




																																			RGL2's pivotal role in light-induced dormancy

While secondary dormancy was a known phenomenon, how this process is induced at a molecular level was not yet described. By screening a library of mutated seeds where secondary dormancy couldn't be established, the researchers identified protein RGL2 as the main regulator of secondary dormancy establishment.

"Seeds with mutations in the RGL2 gene are still inhibited by light, but only short term. Lacking RGL2, secondary dormancy induction fails," explains Merai. To better understand this process, the researchers studied which pathways are regulated by RGL2.

"We identified 3.300 genes that are associated with secondary dormancy, including upregulated pro-dormancy genes, and negative regulators of dormancy which are downregulated," Merai adds.

A hormonal balancing act

Previous studies had shown that dormancy resulted from the interplay between a dormancy-promoting plant hormone called abscisic acid (ABA) and a dormancy-repressing hormone called gibberellin (GA). As expected, the researchers observed that RGL2 repressed GA production and increased ABA biosynthesis in seeds exposed to light.

However, the group made a striking discovery: only one of the hormones was essential to inducing secondary dormancy. "We found that artificially reducing GA levels induces seed dormancy, while increasing ABA levels doesn't," Merai explains.


																																			From lab to field: Harnessing heat adaptation for crop resilience

These results shed light on how some plants adapt their germination patterns to avoid harsh summer conditions, a process contrary to canonical models in which light induces germination. "Some plants seem to have tweaked germination to adapt to specific climates," Merai points out.

Interestingly, the team showed that the summer heat and drought are key factors to make seeds exit their dormant state. "Simulating summer by dehydrating seeds to temperatures over 40 degrees alleviates dormancy so that seeds can sprout when conditions may be favorable again," explains Merai.

The researchers intend to study whether other plants use similar systems to adapt to harsh climates. If so, their discovery could have important implications for crop seeding, as well as open a potential path to engineering germination adaptation in other species, says Merai. "Our findings could be applied to make new crops that are better adapted to warmer climates and the continuously rising temperatures," he adds.
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Large number of whale sightings off New England, including dozens of endangered sei whales
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                This image provided by NOAA, shows a rare sei whale visiting the waters off New England on May 25, 2024. Scientists say a large number of whales is visiting the waters off New England, and the group includes an unusually high number of an endangered species. Credit: NOAA via AP
            
        

    


A large number of whales is visiting the waters off New England, and the group includes an unusually high number of an endangered species, said scientists who study the animals.



										      
         
        
        
        

      

																																	A research flight made 161 sightings of seven different species of whale on May 25 south of Martha's Vineyard and southeast of Nantucket, officials with the National Oceanic and Atmospheric Administration said Thursday. The sightings included 93 of sei whales, and that is one of the highest concentrations of the rare whale during a single flight, the agency said.

Other highlights included two orcas--an uncommon sight off New England--one of which was toting a tuna in its mouth, NOAA said. There were also endangered North Atlantic right whales as well as humpback, fin, minke and sperm whales, the agency said.

The sightings do not necessarily represent 161 individual whales, because observers could be sighting the same animal more than once, said Teri Frady, the chief of research communications for the NOAA's Northeast Fisheries Science Center. However, the observers clearly reported "a lot of whales," Frady said.

"It is not unusual that there are a lot of whales in the area this time of year. But since we do not survey every day, or in the same areas every time we fly, catching such a large aggregation with such a variety of species on one of our flights is the exception rather than the rule," Frady said.
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                    This image provided by NOAA, shows a pair of sperm whales visiting the waters off New England on May 25, 2024. Scientists say a large number of whales is visiting the waters off New England, and the group includes an unusually high number of an endangered species. Credit: NOAA via AP
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                    This image provided by NOAA, shows three humpback whales visiting the waters off New England on May 25, 2024. Scientists say a large number of whales is visiting the waters off New England, and the group includes an unusually high number of an endangered species. Credit: NOAA via AP
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                    This image provided by NOAA, shows a North Atlantic right whale visiting the waters off New England on May 25, 2024. Scientists say a large number of whales is visiting the waters off New England, and the group includes an unusually high number of an endangered species. Credit: NOAA via AP
                
            

        

    

Observers logged three sightings of the North Atlantic right whale, which has been the subject of new proposed fishing and shipping regulations in an attempt to protect it from extinction. There are less than 360 of the whales left on Earth, scientists have said.

The large whale group appeared in an area that is "increasingly important as year-round core habitat for North Atlantic right whales and other large whale species," said Gib Brogan, campaign director with conservation group Oceana. The whales are "swimming in harms way" until the U.S. finalizes strict rules to protect them from collisions with large ships and entanglement in commercial fishing gear, he said.

"Oceana is concerned about the protection of these whales from vessel strikes and entanglements, the two leading causes of death for large whales in the U.S. Atlantic," Brogan said.
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Maximizing wheat productivity with supplemental irrigation

										 by 										 International Center for Agricultural Research in the Dry Areas									
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                Left side: rainfed - Right side: with supplemental irrigation. Credit: International Center for Agricultural Research in the Dry Areas
            
        

    


A new ICARDA study shows how applying key agri-innovations can strengthen dryland rainfed production systems in the face of accelerating climate change.



										      
         
        
        
        

      

																																	The Middle East and North Africa (MENA) region predominantly relies upon rainfall to service its agricultural production systems. Still, in today's climate change environment, such reliance is increasingly risky for farmers in the region.

In Morocco, where about 85% of the wheat area is rainfed, a recent ICARDA analysis of four diverse rainfall growing seasons reveals that total rainfall is the key determinant of successful rainfed wheat yields. However, as climate change accelerates, increasing rainfall variability and weather shocks result in poor crop yields, unstable yield performance, and even complete crop failures, threatening food security across the country.

The rising frequency of droughts poses significant challenges to the economy, agriculture, and food security while also accelerating soil degradation and reducing soil fertility for future crops.

However, key ICARDA innovations such as resilient wheat varieties, supplemental irrigation, and adjusting sowing time have the potential to combat today's climate and man-made impacts.

The annual productivity for wheat averaged 1.85+0.63 t ha-1 from 2012 to 2022. Our recent findings indicate that, in farmer-managed fields, the average productivity of wheat can increase by at least 1.5t ha-1 in severe drought conditions with the adoption of appropriate variety coupled with the provision of life-saving supplementary irrigation, assuming at least a 50% yield improvement in farmer-managed fields based on the results achieved at experimental stations. This represents a significant potential improvement from the current national average, demonstrating the impact of targeted irrigation practices.


																																						
    
     




																																			Analysis of the 2012-2021 FAOSTAT data shows that Morocco imports an average of 44% of its wheat grain to meet the country's needs. However, with the potential to increase average yields through precise supplementary irrigation, total annual wheat production could rise by 23%, reducing imports by 35%.

ICARDA's research highlights that strategic innovations, such as supplemental irrigation and resilient crop varieties, can significantly improve agricultural productivity in dryland regions. These advancements not only strengthen local food security but also decrease reliance on grain imports, fostering economic stability.

The future of food security in dryland regions hinges on our capacity to adapt and innovate. By adopting targeted agricultural practices, we can adjust to changing climatic conditions, boost crop yields, and secure a resilient and prosperous future for farmers and nations.
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