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      Nanotechnology

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


      
        New method enables synthesis of hundreds of new 2D materials
        Materials that are incredibly thin, only a few atoms thick, exhibit unique properties that make them appealing for energy storage, catalysis and water purification. Researchers at Linkoping University, Sweden, have now developed a method that enables the synthesis of hundreds of new 2D materials. Their study has been published in the journal Science.

      

      
        Researchers find new ways to regulate hole transport layer for efficient perovskite solar cells
        According to a study published in Nano Energy, a research group led by Prof. Chen Chong from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has increased the photoelectric conversion efficiency (PCE) of perovskite solar cells (PSCs) to 24.5%.

      

      
        Engineered MgO nanoparticles: A promising path to synergistic cartilage and bone therapy
        In a recent study published in Science Advances, researchers from Nanjing Drum Tower Hospital and others have unveiled a promising approach for treating osteoarthritis (OA) using engineered magnesium oxide (MgO) nanoparticles.

      

      
        Nanozyme-enabled nanodecoys: A new strategy for fighting urinary tract infections
        Urinary tract infections (UTIs), affecting millions worldwide, are predominantly caused by uropathogenic Escherichia coli (UPEC). These infections are characterized by bacterial adhesion and colonization in the urinary tract, evading host immune responses. Researchers from Nanjing University have recently reported a new approach to combating UTIs through the development of bioinspired nanozymes acting as nanodecoys.

      

      
        Researchers overcome lattice mismatch issue to advance optoelectronic applications
        A research team from City University of Hong Kong (CityU) recently successfully achieved lattice-mismatch-free construction of III-V/chalcogenide core-shell heterostructure nanowires for electronic and optoelectronic applications. This breakthrough addresses crucial technological challenges related to the lattice mismatch problem in the growth of high-quality heterostructure semiconductors, leading to enhanced carrier transport and photoelectric properties.

      

      
        Scientists develop new multicellular scaffold strategy for treating tendon-bone injuries
        According to a study published in Science Advances, a research group led by Prof. Wu Chengtie from the Shanghai Institute of Ceramics of the Chinese Academy of Sciences has developed a multicellular scaffold based on inorganic bioceramics to achieve immunomodulation and integrated regeneration in tendon-to-bone injuries, i.e., injuries occurring at the tendon-bone interface.

      

      
        New LCD nanoparticle therapy offers hope for burn victims
        Severe burns can cause critical issues, including deep tissue damage and an increased risk of fatal conditions such as sepsis and organ failure. A major concern is the disruption of the intestinal barrier, leading to inflammation and systemic health problems. This breakdown allows pathogens to invade, worsening the patient's condition. Given the limitations and side effects of current treatments, there is a pressing need for new, more effective therapies.
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New method enables synthesis of hundreds of new 2D materials
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                Jie Zhou, assistant professor at Linkoping university. Credit: Olov Planthaber
            
        

    


Materials that are incredibly thin, only a few atoms thick, exhibit unique properties that make them appealing for energy storage, catalysis and water purification. Researchers at Linkoping University, Sweden, have now developed a method that enables the synthesis of hundreds of new 2D materials. Their study has been published in the journal Science.




										      
         
        
        
        

      

																																	Since the discovery of graphene, the field of research in extremely thin materials, so-called 2D materials, has increased exponentially. The reason is that 2D materials have a large surface area in relation to their volume or weight. This gives rise to a range of physical phenomena and distinctive properties, such as good conductivity, high strength or heat resistance, making 2D materials of interest both within fundamental research and applications.

"In a film that's only a millimeter thin, there can be millions of layers of the material. Between the layers there can be a lot of chemical reactions and thanks to this, 2D materials can be used for energy storage or for generating fuels, for example," says Johanna Rosen, professor in Materials physics at Linkoping University.

The largest family of 2D materials is called MXenes. MXenes are created from a three-dimensional parent material called a MAX phase. It consists of three different elements: M is a transition metal, A is an (A-group) element, and X is carbon or nitrogen. By removing the A element with acids (exfoliation), a two-dimensional material is created. Until now, MXenes has been the only material family created in this way.
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                Jonas Bjork, associate professor at Linkoping University. Credit: Thor Balkhed
            
        

    



The Linkoping researchers have introduced a theoretical method for predicting other three-dimensional materials that may be suitable for conversion into 2D materials. They have also proved that the theoretical model is consistent with reality.


																																						
    
     




																																			To succeed, the researchers used a three-step process. In the first step, they developed a theoretical model to predict which parent materials would be suitable. Using large-scale calculations at the National Supercomputer Center, the researchers were able to identify 119 promising 3D materials from a database and a selection consisting of 66,643 materials.

The next step was to try to create the material in the lab.

"Out of 119 possible materials, we studied which ones had the chemical stability required and which materials were the best candidates. First, we had to synthesize the 3D material, which was a challenge in itself. Finally, we had a high-quality sample where we could exfoliate and etch away a specific atom layers using hydrofluoric acid," says Jie Zhou, assistant professor at the Department of Physics, Chemistry and Biology.
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                Johanna Rosen, professor at Linkoping University. Credit: Anna Nilsen
            
        

    



The researchers removed yttrium (Y) from the parent material YRu2Si2, which resulted in the formation of two-dimensional Ru2SixOy.

But to confirm success in the lab, verification is necessary--step three. The researchers used the scanning transmission electron microscope Arwen at Linkoping University. It can examine materials and their structures down at the atomic level. In Arwen it is also possible to investigate which atoms a material is made up of using spectroscopy.

"We were able to confirm that our theoretical model worked well, and that the resulting material consisted of the correct atoms. After exfoliation, images of the material resembled the pages of a book. It's amazing that the theory could be put into practice, thereby expanding the concept of chemical exfoliation to more materials families than MXenes," says Jonas Bjork, associate professor at the division of Materials design.

The researchers' discovery means that many more 2D materials with unique properties are within reach. These, in turn, can lay the foundation for a plethora of technological applications. The next step for the researchers is to explore more potential precursor materials and scale up the experiments. Rosen believes that future applications are almost endless.

"In general, 2D materials have shown great potential for an enormous number of applications. You can imagine capturing carbon dioxide or purifying water, for example. Now it's about scaling up the synthesis and doing it in a sustainable way," says Rosen.


																																																					
																				
																						More information:
												Jonas Bjork et al, Two-dimensional materials by large-scale computations and chemical exfoliation of layered solids, Science (2024). DOI: 10.1126/science.adj6556. www.science.org/doi/10.1126/science.adj6556
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Researchers find new ways to regulate hole transport layer for efficient perovskite solar cells
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                The solar cell structure and partial performance testing used in this work. Credit: Jin Mengqi
            
        

    


According to a study published in Nano Energy, a research group led by Prof. Chen Chong from the Hefei Institutes of Physical Science of the Chinese Academy of Sciences has increased the photoelectric conversion efficiency (PCE) of perovskite solar cells (PSCs) to 24.5%.




										      
         
        
        
        

      

																					They used the inorganic nano-material tin sulfoxide (SnSO) as a dopant to oxidize and regulate the organic hole transport layer 2,2',7,7'-tetrakis[N,N-di(4-methoxyphenyl)amino]-9,9-spirobifluorene (spiro-OMeTAD).

Spiro-OMeTAD is the most critical hole transport layer (HTL) material. To enhance the charge transport capability of spiro-OMeTAD, lithium trifluoromethanesulfonyl imide (Li-TFSI) is required to mediate the reaction between oxygen and spiro-OMeTAD.

However, this traditional doping method has low doping efficiency, and excessive Li-TFSI will remain in the spiro-OMeTAD film, leading to a decrease in the compactness and long-term conductivity of the film. The duration of the oxidation reaction usually takes 10 to 24 hours to reach the desired conductivity and work function.

In this study, the researchers developed a fast and reproducible strategy to control the oxidation of the nanomaterial. They used SnSO nanomaterial to pre-oxidize spiro-OMeTAD to spiro-OMeTAD.+TFSI- free radicals in precursor solutions. This improved the conductivity, optimized the energy level position of HTL, and achieved a high PCE of 24.5%.

They found that the SnSO-regulated spiro-OMeTAD HTL has a pinhole-free, uniform, and smooth morphology. Both its performance and morphology remain stable even under high temperature and high humidity conditions.

"In addition, the oxidation process takes only a few hours, which is good for improving the commercial preparation efficiency of PSCs," said Prof. Chen Chong.

This study provides an effective strategy to further improve the efficiency and stability of PSCs, which is of great significance for promoting their commercialization.


																														
																				
																						More information:
												Mengqi Jin et al, A nanomaterial-regulated oxidation of hole transporting layer for highly stable and efficient perovskite solar cells, Nano Energy (2024). DOI: 10.1016/j.nanoen.2024.109438
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                Schematic illustration. We fabricated MgO&SA@PLGA and performed intra-articular injection of MgO&SA@PLGA in rats. The sustainably released Mg2+ promoted proliferation and chondrogenic differentiation of BMSCs inhibited the formation of osteoblasts and osteoclasts via regulating the phosphorylation of AKT and protected cartilage and subchondral bone from osteoarthritic damage in vivo. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adk6084
            
        

    


In a recent study published in Science Advances, researchers from Nanjing Drum Tower Hospital and others have unveiled a promising approach for treating osteoarthritis (OA) using engineered magnesium oxide (MgO) nanoparticles.




										      
         
        
        
        

      

																					Osteoarthritis, a widespread joint disorder affecting millions globally, has long lacked efficient and cost-effective therapeutic solutions. The new method involves targeted regulation of magnesium ions (Mg2+) to address both bone and cartilage issues associated with OA synergistically.

This innovation not only demonstrates the potential of magnesium in halting cartilage damage but also showcases the effectiveness of MgO nanoparticles encapsulated in microspheres for sustained release, providing a more convenient and durable treatment option.

Multi-tissue regulation by magnesium ions

The study's findings shed light on the multifaceted impact of magnesium ions, a vital component for maintaining bone and cartilage health. Experiments revealed that optimal Mg2+ concentrations effectively rescued damaged cartilage and regulated the behavior of bone marrow-derived stem cells (BMSCs).

Magnesium's role in inhibiting IL-1b-induced chondrocyte apoptosis and osteoclast formation through the PI3K/AKT pathway presents a comprehensive strategy for combating OA. The successful encapsulation of MgO nanoparticles in poly(lactic-co-glycolic acid) (PLGA) microspheres ensures stable and controlled Mg2+ release, demonstrating the potential for a single-injection, sustained therapy with positive outcomes in preclinical models.

Hope for future osteoarthritis therapeutics

This research not only addresses the complexities of osteoarthritis but also paves the way for a new era in cost-effective and targeted treatments.

The engineered MgO nanoparticles encapsulated in PLGA microspheres present a potential game-changer for clinical translation, offering a viable solution to the global burden of osteoarthritis. The study's success in protecting both cartilage and subchondral bone in preclinical models raises hope for improved patient outcomes and emphasizes the potential of magnesium-based therapies in revolutionizing osteoarthritis treatment strategies.


																														
																				
																						More information:
												Liming Zheng et al, Engineered MgO nanoparticles for cartilage-bone synergistic therapy, Science Advances (2024). DOI: 10.1126/sciadv.adk6084
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Nanozyme-enabled nanodecoys: A new strategy for fighting urinary tract infections

										

    
        
            [image: Nanozyme-enabled nanodecoys: A breakthrough strategy for fighting urinary tract infections]
             
                Urinary tract infections (UTIs), common bacterial infections in communities and medical facilities, are mainly mediated by FimH. The glycan sites of the uromodulin protein play a crucial role in protecting against UTIs by interacting with FimH. A bioinspired approach using glycan-FimH interactions may effectively reduce bacteria through an antiadhesive mechanism, thereby curbing bacterial resistance. However, typical antiadhesive therapy alone fails to address the excessive reactive oxygen species and inflammatory response during UTIs. To bridge this gap, antioxidant nanozymes with antiadhesive ability were developed as nanodecoys to counter bacteria and inflammation. Specifically, ultrasmall dextran-coated ceria (DEC) was engineered to address UTIs, with dextran blocking FimH adhesion and ceria exhibiting anti-inflammatory properties. DECs, metabolizable by the kidneys, reduced bacterial content in the urinary tract, mitigating inflammation and tissue damage. In murine models, DECs successfully treated acute UTIs, repeated infections, and catheter-related UTIs. This dual approach not only highlights the potential of nanozymes for UTIs but also suggests applicability to other FimH-induced infections in the lungs and bowels, marking a significant advancement in nanozyme-based clinical approaches. Credit: ACS Nano (2024). DOI: 10.1021/acsnano.3c12783
            
        

    


Urinary tract infections (UTIs), affecting millions worldwide, are predominantly caused by uropathogenic Escherichia coli (UPEC). These infections are characterized by bacterial adhesion and colonization in the urinary tract, evading host immune responses. Researchers from Nanjing University have recently reported a new approach to combating UTIs through the development of bioinspired nanozymes acting as nanodecoys.



										    
																					
The nanozymes, designed to mimic the function of uromodulin (UMOD), a natural defense mechanism against bacterial invasion, offer a promising solution. By incorporating dextran onto ceria nanoparticles, the nanozymes simulate UMOD's glycans, effectively obstructing the adhesion of UPECs.

The bioinspired nanozymes exhibit multifaceted functionalities, including anti-inflammatory and anti-adhesive properties, which position them as potential game-changers in UTI treatment. Through their unique design, the nanozymes can scavenge reactive nitrogen and oxygen species (RNOS) generated during infection-induced inflammation.

Additionally, they prevent bacterial adhesion to host cells and abiotic surfaces, reducing bacterial colonization. The nanozymes' ability to alleviate inflammation and mitigate tissue damage offers a comprehensive approach to UTI management.

In preclinical studies utilizing mouse models, the nanozymes demonstrated promising results in treating acute UTIs, repeated infections, and catheter-associated UTIs. The bioinspired nanozymes hold significant potential for clinical translation by effectively reducing bacterial colonization and inflammation in the urinary tract.

This innovative approach not only addresses the challenges posed by traditional antibiotic therapies but also offers a safer and more comprehensive strategy for managing UTIs and related complications.

The paper is published in the journal ACS Nano.



																														
																				
																						More information:
												Yihong Zhang et al, Bioinspired Nanozymes as Nanodecoys for Urinary Tract Infection Treatment, ACS Nano (2024). DOI: 10.1021/acsnano.3c12783
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Researchers overcome lattice mismatch issue to advance optoelectronic applications
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                Large-area infrared imaging arrays fabricated on InGaAs/GeS core-shell nanowire photodetectors. Credit: Nature Communications (2023). DOI: 10.1038/s41467-023-43323-x
            
        

    


A research team from City University of Hong Kong (CityU) recently successfully achieved lattice-mismatch-free construction of III-V/chalcogenide core-shell heterostructure nanowires for electronic and optoelectronic applications. This breakthrough addresses crucial technological challenges related to the lattice mismatch problem in the growth of high-quality heterostructure semiconductors, leading to enhanced carrier transport and photoelectric properties.



										      
         
        
        
        

      

																																	
For decades, the challenge of producing high-quality heterostructure semiconductors has persisted, hindered primarily by the lattice mismatch issue at the interface. This limitation has constrained the potential of these materials for high-performance electronic and optoelectronic applications.

In a breakthrough effort to overcome this obstacle, the research team initially introduced a pioneering method for the lattice-mismatch-free synthesis of III-V/chalcogenide core-shell heterostructure nanowires designed for device applications.

Their study, titled "Lattice-mismatch-free construction of III-V/chalcogenide core-shell heterostructure nanowires," has been published in Nature Communications.

"At the nanoscale level, surface characteristics play a pivotal role in governing the material properties of low-dimensional materials. The surfactant properties of chalcogenide atoms contribute significantly to the promise of core-shell heterojunction electronics for addressing evolving technological needs," said Professor Johnny Ho, Associate Vice-President (Enterprise) and Professor of the Department of Materials Science and Engineering at CityU, who led the research.
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                    Construction schematics of GaSb/GeS core-shell heterostructure nanowires. Credit: Nature Communications (2023). DOI: 10.1038/s41467-023-43323-x
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                    Lattice-mismatch-free construction of core-shell heterostructure nanowires, taking GaSb/GeS as an example. Credit: Nature Communications (2023). DOI: 10.1038/s41467-023-43323-x
                
            

        

    

"The advances achieved in this study mark a substantial stride towards the efficient utilization of III-V heterostructure semiconductors, paving the way for high-performance applications, particularly in the realm of the Internet of Things (IoT), which may be otherwise unattainable using alternative approaches," added Professor Ho.


																																						
    
     




																																			Aligned with the third-generation detector SWaP3 concept (Size, Weight, Power, Price, Performance), the latest generation of optoelectronic devices is trending towards miniaturization, flexibility and intelligence, Professor Ho emphasized. "The lattice-mismatch-free construction of core-shell heterostructure nanowires holds great promise for next-generation ultrasensitive SWaP3 optoelectronics," he said.

This pioneering research encompasses innovative material design, novel process development, and the exploration of new optoelectronic applications. The initial focus involves the investigation of an amorphous shell composed of chalcogenide covalent-bond networks, strategically employed to address the lattice mismatch issue surrounding the III-V core.

The successful achievement of effective lattice-mismatch-free construction in the core-shell heterostructure introduces unconventional optoelectronic properties. Notably, these properties include bi-directional photoresponse, visible light-assisted infrared photodetection, and enhanced infrared photodetection.



																																																					
																				
																						More information:
												Fengjing Liu et al, Lattice-mismatch-free construction of III-V/chalcogenide core-shell heterostructure nanowires, Nature Communications (2023). DOI: 10.1038/s41467-023-43323-x
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Scientists develop new multicellular scaffold strategy for treating tendon-bone injuries
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                Schematic illustration of the immunomodulatory multicellular scaffolds based on manganese silicate (MS) nanoparticles for integrated tendon-to-bone regeneration. Credit: Du Lin and Wu Chengtie, from Science Advances (2024). DOI: 10.1126/sciadv.adk6610
            
        

    


According to a study published in Science Advances, a research group led by Prof. Wu Chengtie from the Shanghai Institute of Ceramics of the Chinese Academy of Sciences has developed a multicellular scaffold based on inorganic bioceramics to achieve immunomodulation and integrated regeneration in tendon-to-bone injuries, i.e., injuries occurring at the tendon-bone interface.




										      
         
        
        
        

      

																					Restriction of motor activity due to loss of natural structure is a major cause of decreased life quality in patients suffering from tendon-to-bone injuries. Conventional biomaterials for the treatment of tendon-to-bone injuries focus on enhancing the regenerative capacity of tendon or bone tissues to promote the restoration of natural structure. However, due to the neglect of the immune environment at the interface and the lack of multi-tissue regenerative function, satisfactory results are still difficult to achieve.

To counter this problem, the researchers combined manganese silicate (MS) nanoparticles with tendon/bone-related cells to construct an immunomodulatory multicellular scaffold using layered cell distribution to achieve integrated tendon-to-bone regeneration.

According to the researchers, integrating biomimetic cell distribution and MS nanoparticles allowed the multicellular scaffolds to simultaneously induce tenogenic differentiation of tendon stem/progenitor cells in the upper layers and osteogenic differentiation of bone marrow mesenchymal stem cells in the lower layers.

Furthermore, rabbit and rat rotator cuff tears treated with the immunomodulatory multicellular scaffolds were simultaneously able to achieve immunomodulation, restoration of interfacial microstructure, and functional recovery.

In addition, the role of immunomodulatory processes in scaffold-specific differentiation was confirmed by implanting the MS nanoparticle multicellular scaffolds into a macrophage-depleted rat model.

The result of the co-culture model with macrophages showed that MS nanoparticles enhanced the specific differentiation of multicellular scaffolds via regulation of macrophages, which was mainly attributed to the secretion of PGE2 factor in macrophages induced by Mn ions.

This research shows that these multicellular scaffolds based on inorganic biomaterials offer a new concept for achieving immunomodulation and integrated regeneration of tendon-bone and other soft/hard tissue interfaces.


																														
																				
																						More information:
												Lin Du et al, Immunomodulatory multicellular scaffolds for tendon-to-bone regeneration, Science Advances (2024). DOI: 10.1126/sciadv.adk6610
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New LCD nanoparticle therapy offers hope for burn victims

										

    
        
            [image: Revolutionary nanoparticle therapy offers new hope for burn victims]
             
                Credit: Burns & Trauma (2024). DOI: 10.1093/burnst/tkad054
            
        

    


Severe burns can cause critical issues, including deep tissue damage and an increased risk of fatal conditions such as sepsis and organ failure. A major concern is the disruption of the intestinal barrier, leading to inflammation and systemic health problems. This breakdown allows pathogens to invade, worsening the patient's condition. Given the limitations and side effects of current treatments, there is a pressing need for new, more effective therapies.



										      
         
        
        
        

      

																																	
In a new study featured the journal Burns & Trauma on 3 March 2024, researchers from the Army Medical University in China have unveiled an innovative nanoparticle-based therapy that markedly enhances recovery from severe burn-induced damage to the intestinal barrier.

The research introduces the use of luminol-conjugated cyclodextrin (LCD) nanoparticles. This novel therapeutic approach presents a significant advancement in treating one of the most severe complications arising from extensive burn injuries, promising improved patient outcomes through cutting-edge nanoparticle technology.

Severe burns can disrupt the intestinal barrier, leading to life-threatening complications. The innovative LCD nanoparticles tackle this issue head-on. These nanoparticles are engineered by attaching luminol to cyclodextrin, creating a complex that targets the damaged intestinal barrier directly. Once administered, the LCD nanoparticles work by reducing inflammation and oxidative stress, two key factors that exacerbate burn-induced intestinal damage.

The therapy has been shown to significantly relieve symptoms associated with intestinal injury, such as weight loss and abnormalities in intestinal permeability. Crucially, LCD nanoparticles promote the repair and regeneration of tight junction structures within the intestine, enhancing the barrier function and preventing further damage. This dual-action approach of combating inflammation and supporting barrier repair sets LCD nanoparticles apart as a promising therapeutic strategy for severe burn victims.

Dr. Yajun Song, a leading author of the study, emphasizes the urgency in finding effective treatments for severe burn patients. "The intestinal barrier disruption following severe burns can have devastating consequences. Our research on LCD nanoparticles opens up new avenues for treatment, potentially transforming care for burn patients and improving outcomes significantly," she explains.

The successful application of LCD nanoparticles in treating intestinal barrier disruption offers hope for a wide range of inflammatory and oxidative stress-related conditions. This innovative treatment could revolutionize care for severe burn patients, providing a targeted, effective option that surpasses current therapies in both efficacy and safety.



																																																					
																				
																						More information:
												Yajun Song et al, Luminol-conjugated cyclodextrin biological nanoparticles for the treatment of severe burn-induced intestinal barrier disruption, Burns & Trauma (2024). DOI: 10.1093/burnst/tkad054
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      The latest news in physics, materials science, quantum physics, optics and photonics, superconductivity science and technology.  Updated Daily.


      
        Photon-like electrons in a four-dimensional world discovered in a real material
        Dirac electrons were predicted by P. Dirac and discovered by A. Geim, both of whom were awarded the Nobel Prize in Physics in 1933 and in 2010, respectively. Dirac electrons behave like photons rather than electrons, for they are considered to have no mass, and in materials they move with light velocity.

      

      
        Researchers discover new yttrium-hydrogen compounds with implications for high-pressure superconductivity
        Researchers at the University of Bayreuth have made a significant scientific breakthrough by identifying new yttrium-hydrogen compounds, a discovery that has serious implications for research on high-pressure superconductivity. High-pressure superconductivity refers to the property of materials to become superconducting, which means they conduct electrical current without resistance when exposed to certain pressure conditions. The study is published in Science Advances.
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                A characteristic shared by Dirac electron systems is the cone-shaped electronic structure, while common materials have round electronic structures. The key to the success of the present study lies in the idea that attention should be paid to a possible crossover between two extreme electronic structures. A new method has been established using electron spin resonance to observe the material. Credit: Toshio Naito, Ehime University
            
        

    


Dirac electrons were predicted by P. Dirac and discovered by A. Geim, both of whom were awarded the Nobel Prize in Physics in 1933 and in 2010, respectively. Dirac electrons behave like photons rather than electrons, for they are considered to have no mass, and in materials they move with light velocity.



										    
																					
Because of their differences from standard electrons, Dirac electrons are expected to add unprecedented electronic properties to materials. For example, they could be applied to electronic devices to perform computation and communication with extraordinary efficiency and low energy consumption.

To develop such technology, scientists must first understand the net properties and effects of Dirac electrons. But they generally coexist with standard electrons in materials, which prevents unambiguous observation and measurement.

In a recent study published in Materials Advances, Ryuhei Naito and colleagues discovered a method enabling selective observation of the Dirac electrons in materials. Using electron spin resonance, to directly observe unpaired electrons in materials to distinguish differences in character, the research group established a method to determine their scope of action in the materials and their energies.

The latter is defined by how rapidly they move, namely their velocity. This information requires a four-dimensional world, for it consists of positions (x, y, z) and energy (E). The research group has described it in an easy-to-understand scheme.

The research has taken our understanding Dirac electrons a step forward. We now know that their velocity is anisotropic and it depends on their direction and location, instead of the constant velocity of light.



																														
																				
																						More information:
												Ryuhei Oka et al, Nearly three-dimensional Dirac fermions in an organic crystalline material unveiled by electron spin resonance, Materials Advances (2023). DOI: 10.1039/D3MA00619K
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Researchers discover new yttrium-hydrogen compounds with implications for high-pressure superconductivity
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                The crystal structures of the yttrium hydrides synthesized in this work. Yttrium and hydrogen atoms are shown in green and light pink, respectively. For Y2H9 and Y13H75, only the Y metal framework is shown. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adl5416
            
        

    


Researchers at the University of Bayreuth have made a significant scientific breakthrough by identifying new yttrium-hydrogen compounds, a discovery that has serious implications for research on high-pressure superconductivity. High-pressure superconductivity refers to the property of materials to become superconducting, which means they conduct electrical current without resistance when exposed to certain pressure conditions. The study is published in Science Advances.




										      
         
        
        
        

      

																					Several rare-earth superhydrides are known for being reported to be near-room-temperature superconductors at high pressures. Superconducting materials allow current to flow without any resistance. In most cases they are products of chemical reactions realized in diamond anvil cells at extreme pressures and temperatures.

Their phase and chemical compositions are often unknown, making claims of superconductivity not quite justified, as the measurable critical temperature (TC), which is the temperature below which the material's electrical resistivity drops to zero, depends on many factors, including the phase purity of the sample and hydrogen content in hydrides. Therefore, the existence of near-room temperature high-pressure superconductors is still under scrutiny.

The use of the modern method of so-called synchrotron single-crystal X-ray diffraction from multiphase microcrystalline samples, developed in the group of Prof. Natalia Dubrovinskaia and Prof. Leonid Dubrovinsky at the University of Bayreuth, enabled the unraveling of the chemical complexity and richness of the yttrium-hydrogen system under high-pressure high-temperature conditions.

At pressures up to about 170 GPa, Ph.D. student Alena Aslandukova and co-authors identified five novel yttrium hydrides with unique structures. These compounds were synthesized in diamond anvil cells through the laser heating of Y-H samples (yttrium with hydrogen-rich ammonia borane or paraffin oil) up to 3,500 K.

Single-crystal X-ray diffraction provides valuable insight into the arrangement of yttrium atoms in the crystal structures of these newly discovered phases. Hydrogen content was estimated using empirical relations and ab initio calculations that revealed the specific composition for each compound, pointing toward the richness of the Y-H system and diversity of yttrium hydrides under high-pressure conditions.

"The study emphasizes the complexity of the yttrium-hydrogen system and its multiphase character at high pressure," explains Aslandukova. "The results make a significant contribution to our understanding of materials behavior at extreme conditions and the nature of potentially superconducting hydrides."


																														
																				
																						More information:
												Alena Aslandukova et al, Diverse high-pressure chemistry in Y-NH 3 BH 3 and Y-paraffin oil systems, Science Advances (2024). DOI: 10.1126/sciadv.adl5416
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        Surprising insights about debris flows on Mars
        The period that liquid water was present on the surface of Mars may have been shorter than previously thought. Channel landforms called gullies, previously thought to be formed exclusively by liquid water, can also be formed by the action of evaporating CO2 ice.

      

      
        SpaceX scrubs Wednesday launch attempt at Kennedy Space Center
        SpaceX scrubbed a launch attempt Wednesday night with just over 2 minutes on the countdown clock. The mission was set to send up another batch of Starlink satellites from the Space Coast using a first-stage booster for a record-tying 19th time.

      

      
        Warm Jupiter exoplanet orbiting distant star detected
        Astronomers report the discovery of a new warm Jupiter exoplanet orbiting a distant star in the open cluster Messier 67. The newfound extrasolar world, designated S1429 b, is almost twice as massive as Jupiter. The finding was detailed in a paper published March 5 on the pre-print server arXiv.

      

      
        SpaceX poised for third launch test of Starship megarocket
        SpaceX plans on Thursday to attempt another launch of Starship, the world's most powerful rocket that is vital to NASA's plans for landing astronauts on the moon later this decade--and Elon Musk's hopes of eventually colonizing Mars.

      

      
        Evolved adapter for future NASA space launch system flights readied for testing
        A test version of the universal stage adapter for NASA's more powerful version of its SLS (Space Launch System) rocket arrived at Building 4619 at NASA's Marshall Space Flight Center in Huntsville, Alabama, on Feb. 22 from Leidos in Decatur, Alabama. The universal stage adapter will connect the rocket's upgraded in-space propulsion stage, called the exploration upper stage, to NASA's Orion spacecraft as part of the evolved Block 1B configuration of the SLS rocket.

      

      
        Unraveling the origins of life: Scientists discover 'cool' sugar acid formation in space
        A critical molecule for the metabolism of living organisms has been synthesized for the first time by University of Hawai`i at Manoa researchers at low temperatures (10 K) on ice coated nanoparticles mimicking conditions in deep space, marking a "cool" step in advancing our understanding of the origins of life.

      

      
        Do astronauts experience 'space headaches'?
        Space travel and zero gravity can take a toll on the body. A new study has found that astronauts with no prior history of headaches may experience migraine and tension-type headaches during long-haul space flight, which includes more than 10 days in space. The study was published in Neurology.
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                Satellite image of gully landscapes on Mars, taken by HiRISE (High Resolution Imaging Experiment), a camera on board the Mars Reconnaissance Orbiter (photo no.: ESP_039114_1115). The white CO2 ice is visible on the sides of the gullies. Credit: HiRISE (High Resolution Imaging Experiment), a camera on board the Mars Reconnaissance Orbiter (photo no.: ESP_039114_1115)
            
        

    


The period that liquid water was present on the surface of Mars may have been shorter than previously thought. Channel landforms called gullies, previously thought to be formed exclusively by liquid water, can also be formed by the action of evaporating CO2 ice.



										      
         
        
        
        

      

																																	
That is the conclusion of a new study by Lonneke Roelofs, a planetary researcher at Utrecht University. "This influences our ideas about water on Mars in general, and therefore our search for life on the planet," Roelofs says.

The results of the study are published this week in the journal Communications Earth and Environment.

"The Martian atmosphere is 95% CO2," Roelofs explains. "In winter, air temperatures drop below -120 degrees Celsius, which is cold enough for CO2 in the atmosphere to freeze." In the process of freezing, CO2 gas can change directly to CO2 ice, skipping the liquid phase.

The process is similar to frost on Earth, where water vapor forms ice crystals and blankets the landscape in a white film. Warmer spring temperatures, combined with the thin Martian atmosphere, cause CO2 ice to evaporate directly back to gas, again skipping the liquid phase.

"We call that 'sublimation.' The process is extremely explosive due to Mars' low air pressure. The created gas pressure pushes sediment grains apart causing the material to flow, similar to debris flows in mountainous areas on Earth. These flows can reshape the Martian landscape--even in the absence of water."


																																						
    
     




																																			"The results of my research suggest that the chance of life having existed on Mars is smaller than previously thought."

Scientists have long hypothesized that CO2 ice could be a driving force behind these Martian landscape structures. "But those hypotheses were mainly based on models or satellite studies," Roelofs explains.

"With our experiments in a so-called 'Mars chamber,' we were able to simulate this process under Martian conditions. Using this specialized lab equipment we could directly study this process with our own eyes. We even observed that debris flows driven by CO2 ice under Martian conditions flow just as efficiently as the debris flows driven by water on Earth."
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                Lonneke Roelofs next to the Mars chamber at the Open University, Milton Keynes (UK). Credit: Mars chamber at the Open University, Milton Keynes (UK)
            
        

    



Extraterrestrial life

"We know for sure that there was once water on the surface of Mars. This study does not prove the contrary," Roelofs says. "But the emergence of life likely needs a long period where liquid water was present. Previously, we thought that these landscape structures were formed by debris flows driven by water because of their similarity to debris flow systems on Earth."

"My research now shows that, in addition to debris flows powered by water, the sublimation of frozen CO2 can also serve as a driving force behind the formation of these Martian gully landscapes. That pushes the presence of water on Mars further into the past, making the chance of life on Mars smaller." And that makes us even more unique than we thought.


																																			Why Mars?

But what makes someone interested in landscapes 330 million km away? "Mars is our closest neighbor. It's the only other rocky planet close to our solar system's 'green zone.' The zone is precisely far enough from the sun to allow for liquid water to exist, a prerequisite for life. So Mars is a place where we possibly can find answers to questions about how life developed, including potential extraterrestrial life," says Roelofs.

"Plus, studying the formation of landscape structures on other planets is a way for us to step outside our Earthly context. You ask different questions, which leads to new insights on processes here on Earth. For example, we can also observe the process of gas-driven debris flows in pyroclastic flows around volcanoes here on Earth. So this research could contribute to a better understanding of terrestrial volcanic hazards."



																																																					
																				
																						More information:
												Lonneke Roelofs et al, How, when and where current mass flows in Martian gullies are driven by CO2 sublimation, Communications Earth & Environment (2024). DOI: 10.1038/s43247-024-01298-7
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SpaceX scrubs Wednesday launch attempt at Kennedy Space Center
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                Credit: Pixabay/CC0 Public Domain
            
        

    


SpaceX scrubbed a launch attempt Wednesday night with just over 2 minutes on the countdown clock. The mission was set to send up another batch of Starlink satellites from the Space Coast using a first-stage booster for a record-tying 19th time.



										      
         
        
        
        

      

																					SpaceX did not give a reason for the scrub, or say if it plans to try for its previously announced backup date on Thursday.

If it does, a Falcon 9 rocket carrying 23 of SpaceX's internet satellites flying from Kennedy Space Center's Launch Pad 39-A could fly during a four-hour window Thursday that opens at 7:04 p.m.

Space Launch Delta 45's weather squadron forecasts a 95% chance for good conditions with the delay to Thursday.

The first-stage booster could equal the total number of flights by two of SpaceX's other boosters, one of which, though, was destroyed when it toppled over at sea.

This booster's resume includes two human spaceflights, the Inspiration4 orbital mission flown by billionaire Jared Issacman and the first private spaceflight for Axiom Space on its Ax-1 mission to the International Space Station. It has also flown the GPS III Space Vehicle 04, GPS III Space Vehicle 05, Nilesat 301, OneWeb Launch 17, ARABSAT BADR-8 and 11 Starlink missions.

SpaceX will attempt its recovery downrange in the Atlantic Ocean on its droneship A Shortfall of Gravitas.

The first booster to hit 19 fell over on its recovery droneship because of rough weather at sea in December. That lost booster had historic significance as it was used on the Demo-2 flight, which was SpaceX's first human spaceflight, back in 2020, and the only booster to feature a NASA logo, the iconic "worm" version. Newer boosters have upgraded landing legs with the capability to self-level, SpaceX has said.

A booster currently flying launches from California hit 19 on a launch on Feb. 23, so it has the potential to become the fleet leader.

SpaceX had its first successful booster recovery more than eight years ago and has since made 283 successful landings among Falcon 9 and Falcon Heavy rockets. Among boosters for which it attempted recovery landings, it had not lost one since February 2021.

Falcon 9 launches remain the workhorse rocket for SpaceX, responsible in 2024 for 16 of 17 launches from the Space Coast including this launch.

Across its two Florida and one California launch pads, Falcon 9's will have flown 25 times during a year Elon Musk has said the company could have as many as 150.


																														
																					
																															 
												  2024 Orlando Sentinel. Distributed by Tribune Content Agency, LLC.
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Warm Jupiter exoplanet orbiting distant star detected

										 by Tomasz Nowakowski										 										 , Phys.org
										 									

									
										


    
        
            [image: Warm Jupiter exoplanet orbiting distant star detected]
             
                RV search summary plot for S1429 showing the radial velocity time-series with the best-fit model (panel a) and residuals (panel b). Credit: Thomas et al., 2024.
            
        

    


Astronomers report the discovery of a new warm Jupiter exoplanet orbiting a distant star in the open cluster Messier 67. The newfound extrasolar world, designated S1429 b, is almost twice as massive as Jupiter. The finding was detailed in a paper published March 5 on the pre-print server arXiv.




										      
         
        
        
        

      

																																	Warm Jupiters are gas giant planets with orbital periods between 10 and 200 days. This makes them challenging targets for transit detection and radial velocity (RV) follow-up studies compared to their shorter-orbit counterparts, dubbed hot Jupiters.

Recently a team of astronomers, led by Luis Thomas of the University Observatory Munich in Germany, have conducted spectroscopic observations of 11 stars in Messier 67 (or M67 for short, dubbed also the King Cobra Cluster)--an old and well-populated Galactic open cluster (OC).

The observational campaign, which employed mainly the Habitable Planet Finder (HPF) spectrograph mounted on the 10m Hobby-Eberle Telescope (HET) at the McDonald Observatory in Texas, was part of the "Search for Giant Planets in M67" RV survey.

"Between December 2019 and March 2022, we continued the observations of 11 stars in M67 with the Habitable Planet Finder spectrograph (HPF). We included six stars that showed potential long-term RV variations and five stars at the turn-off point of M67 which had no previously published data," the researchers wrote in the paper.

The observations performed by Thomas' team resulted in the detection of a new planet around a turn-off point star of spectral type F9.5V known as S1429. The newly found alien world, which received designation S1429 b, is the sixth planet discovered in Messier 67.


																																						
    
     




																																			According to the paper, S1429 b has a minimum mass of 1.8 Jupiter masses and orbits its host star every 77.48 days on a most likely circular orbit, at a distance of approximately 0.384 AU from it. The equilibrium temperature of the planet was estimated to be about 683 K.

The parent star S1429, located some 2,800 light years away from the Earth, is about two times larger than the sun, while its mass is only 1.26 solar masses. The star is estimated to be 4.3 billion years old, has an effective temperature of nearly 6,000 K, and its metallicity is at a level of -0.013 dex.

Summing up the results, the authors of the paper underlined that the total six known planet-hosting stars in Messier 67, including S1429, are distributed over different evolutionary stages.

In particular, there are three hot Jupiters orbiting main-sequence stars and the longer period planets orbit a turn-off point star and two red giants. They noted that all the three hot Jupiters in this cluster have minimum masses significantly below one Jupiter mass.


																																																					
																				
																						More information:
												Luis Thomas et al, Search for giant planets in M67 V: a warm Jupiter orbiting the turn-off star S1429, arXiv (2024). DOI: 10.48550/arxiv.2403.02911
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                People gather as SpaceX Starship spacecraft prototype is transported from the launch site ahead of the SpaceX Starship third flight test from Starbase in Boca Chica, Texas.
            
        

    


SpaceX plans on Thursday to attempt another launch of Starship, the world's most powerful rocket that is vital to NASA's plans for landing astronauts on the moon later this decade--and Elon Musk's hopes of eventually colonizing Mars.



										      
         
        
        
        

      

																																	Two previous attempts have ended in spectacular explosions, though that's not necessarily a bad thing: the company has adopted a rapid trial-and-error approach in order to accelerate development, and the strategy has brought success in the past.

Blastoff from the company's launch site in southeast Texas can occur beginning at 7:00 am local time (1200 GMT), after the Federal Aviation Administration (FAA) gave its go-ahead on Wednesday.

SpaceX will run a webcast on its website starting thirty minutes earlier.

When the two stages of Starship are combined, the rocket stands 397 feet (121 meters) tall--beating the Statue of Liberty by a comfortable 90 feet.

Its Super Heavy Booster produces 16.7 million pounds (74.3 Meganewtons) of thrust, almost double that of the world's second most powerful rocket, NASA's Space Launch System (SLS)--though the latter is now fully operational.

Starship's third launch test in its fully-stacked configuration is set to be its most ambitious yet.

Besides going higher and farther, objectives include opening and closing Starship's payload door to test its ability to deliver satellites and other cargo into space.

SpaceX also aims to re-light the ship's engines in space, and perform an onboard test that will help pave the way for future Starships to refuel one another in orbit.

Starship's planned trajectory sees it achieve orbit then make a controlled splashdown in the Indian Ocean, just over an hour after launch.

SpaceX has been developing prototypes of Starship since 2018, and early tests involved short hops of just the upper stage, which is also referred to as Starship.


																																						
    
     




																																			Third time lucky?

The first "integrated" test came in April 2023. SpaceX was forced to blow up Starship within a few minutes of launch, because the two stages failed to separate.

The rocket disintegrated into a ball of fire and crashed into the Gulf of Mexico, sending a dust cloud over a town several miles (kilometers) away.

The second test in November 2023 fared slightly better: the booster separated from the spaceship, but both then exploded over the ocean, in what the company euphemistically called a "rapid unscheduled disassembly."

The FAA closed a probe into the incident last month after identifying 17 corrective actions SpaceX needed to make.

SpaceX's "rapid iterative development" strategy has paid off for the company in the past: notably its Falcon 9 rockets that have come to be workhorses for NASA and the commercial sector, its Dragon capsule that sends astronauts and cargo to the International Space Station, and its Starlink internet satellite constellation that now covers dozens of countries.

But the clock is ticking down for SpaceX to be ready for NASA's planned return of astronauts to the moon in 2026, using a modified Starship as the lander vehicle.

Not only does SpaceX need to prove it can launch, fly and land Starship safely--it must eventually also show it can send multiple "Starship tankers" into orbit to refuel a main Starship for its onward journey to the moon.
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Evolved adapter for future NASA space launch system flights readied for testing
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                Credit: NASA/Sam Lott
            
        

    


A test version of the universal stage adapter for NASA's more powerful version of its SLS (Space Launch System) rocket arrived at Building 4619 at NASA's Marshall Space Flight Center in Huntsville, Alabama, on Feb. 22 from Leidos in Decatur, Alabama. The universal stage adapter will connect the rocket's upgraded in-space propulsion stage, called the exploration upper stage, to NASA's Orion spacecraft as part of the evolved Block 1B configuration of the SLS rocket.



										      
         
        
        
        

      

																					It will also serve as a compartment capable of accommodating large payloads, such as modules or other exploration spacecraft. The SLS Block 1B variant will debut on Artemis IV and will increase SLS's payload capability to send more than 84,000 pounds to the moon in a single launch.

In Building 4619's Load Test Annex High Bay at Marshall, the development test article will first undergo modal testing that will shake the hardware to validate dynamic models. Later, during ultimate load testing, force will be applied vertically and to the sides of the hardware. Unlike the flight hardware, the development test article has flaws intentionally included in its design, which will help engineers verify that the adapter can withstand the extreme forces it will face during launch and flight.

The test article joins an already-rich history of rocket hardware that has undergone high-and-low pressure, acoustic, and extreme temperature testing in the multipurpose, high-bay test facility; it will be tested in the same location that once bent, compressed, and torqued the core stage intertank test article for SLS rocket's Block 1 configuration. Leidos, the prime contractor for the universal stage adapter, manufactured the full-scale prototype at its Aerospace Structures Complex in Decatur.

NASA is working to land the first woman, first person of color, and its first international partner astronaut on the moon under Artemis. SLS is part of NASA's backbone for deep space exploration, along with the Orion spacecraft and Gateway in orbit around the moon and commercial human landing systems, next-generational spacesuits, and rovers on the lunar surface. SLS is the only rocket that can send Orion, astronauts, and supplies to the moon in a single launch.
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Unraveling the origins of life: Scientists discover 'cool' sugar acid formation in space

										

    
        
            [image: Unraveling the origins of life: Scientists discover 'cool' sugar acid formation in space]
             
                Formation of glyceric acid in interstellar ices. The preparation of glyceric acid (1) in low-temperature ices containing carbon dioxide and ethylene glycol (16) is accomplished through energetic processing by GCR proxies. This process involves carbon-carbon bond coupling via recombination of the hydroxycarbonyl radical (HOCO, 11) with the 1,2-dihydroxyethyl radical (HOCHCH2OH, 17). Glyceric acid (1) serves as a precursor for critical biomolecules including the proteinogenic amino acid serine (4), 2-methyl glyceric acid (7), and lactic acid (15). In contemporary biochemistry, glyceric acid further represents molecular building blocks of 2-phosphoglyceric acid (2) and 3-phosphoglyceric acid (3) via phosphorylation reactions, linking to the TCA cycle (top right) and Calvin cycle (bottom right), respectively. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adl3236
            
        

    


A critical molecule for the metabolism of living organisms has been synthesized for the first time by University of Hawai`i at Manoa researchers at low temperatures (10 K) on ice coated nanoparticles mimicking conditions in deep space, marking a "cool" step in advancing our understanding of the origins of life.



										      
         
        
        
        

      

																					
The research is published in the journal Science Advances.

The UH Manoa Department of Chemistry team of Professor Ralf I. Kaiser, and postdoctoral fellows Jia Wang and Joshua H. Marks worked with computational chemist Professor Ryan C. Fortenberry from the University of Mississippi to explore how glyceric acid can form in cold, carbon dioxide-rich icy environments of outer space. Glyceric acid is the simplest sugar acid that helps with a process called glycolysis, which is like the engine that helps break down the food we eat into energy that our bodies can use.

Using experiments with interstellar model ices and proxies of energetic Galactic Cosmic Rays at the UH Manoa's W. M. Keck Research Laboratory in Astrochemistry, racemic glyceric acid was formed and detected with the help of photo ionization lasers in the gas phase. These molecules might play a role in the development of life on planets like Earth. Scientists now hope to detect these molecules in space using telescopes such as ALMA.

"The study suggests that molecules like glyceric acid could have been synthesized in molecular clouds and possibly in star forming regions prior to their delivery to Earth via comets or meteorites thus contributing to the building blocks of life," Kaiser said. "Understanding how these molecules form in space is crucial for unraveling the mysteries of life's origins."

"The potential presence of such molecules in space shows how the chemistry in our bodies is connected to the chemistry of 'the beyond,'" Fortenberry said. "Additionally, the interaction of experiment and computation also highlights how different perspectives on science work together to make the generation of new knowledge possible."



																														
																				
																						More information:
												Jia Wang et al, Interstellar formation of glyceric acid [HOCH 2 CH(OH)COOH]--The simplest sugar acid, Science Advances (2024). DOI: 10.1126/sciadv.adl3236
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Do astronauts experience 'space headaches'?

										

    
        
            [image: International Space Station]
             
                Credit: Pixabay/CC0 Public Domain
            
        

    


Space travel and zero gravity can take a toll on the body. A new study has found that astronauts with no prior history of headaches may experience migraine and tension-type headaches during long-haul space flight, which includes more than 10 days in space. The study was published in Neurology.



										      
         
        
        
        

      

																																	"Changes in gravity caused by space flight affect the function of many parts of the body, including the brain," said study author W. P. J. van Oosterhout, MD, Ph.D., of Leiden University Medical Center in the Netherlands.

"The vestibular system, which affects balance and posture, has to adapt to the conflict between the signals it is expecting to receive and the actual signals it receives in the absence of normal gravity. This can lead to space motion sickness in the first week, of which headache is the most frequently reported symptom. Our study shows that headaches also occur later in space flight and could be related to an increase in pressure within the skull."

The study involved 24 astronauts from the European Space Agency, the U.S. National Aeronautics and Space Administration (NASA) and the Japan Aerospace Exploration Agency. They were assigned to International Space Station expeditions for up to 26 weeks from November 2011 to June 2018.

Prior to the study, nine astronauts reported never having any headaches and three had a headache that interfered with daily activities in the last year. None of them had a history of recurrent headaches or had ever been diagnosed with migraine.

Of the total participants, 22 astronauts experienced one or more episodes of headache during a total of 3,596 days in space for all participants.


																																						
    
     




																																			Astronauts completed health screenings and a questionnaire about their headache history before the flight. During space flight, astronauts filled out a daily questionnaire for the first seven days and a weekly questionnaire each following week throughout their stay in the space station.

The astronauts reported 378 headaches in flight. Researchers found that 92% of astronauts experienced headaches during flight compared to just 38% of them experiencing headaches prior to flight.

Of the total headaches, 170, or 90%, were tension-type headache and 19, or 10%, were migraine.

Researchers also found that headaches were of a higher intensity and more likely to be migraine-like during the first week of space flight. During this time, 21 astronauts had one or more headaches for a total of 51 headaches. Of the 51 headaches, 39 were considered tension-type headaches and 12 were migraine-like or probable migraine.

In the three months after return to Earth, none of the astronauts reported any headaches.

"Further research is needed to unravel the underlying causes of space headache and explore how such discoveries may provide insights into headaches occurring on Earth," said Van Oosterhout. "Also, more effective therapies need to be developed to combat space headaches as for many astronauts this a major problem during space flights."

This research does not prove that going into space causes headaches; it only shows an association.

A limitation of the study was that astronauts reported their own symptoms, so they may not have remembered all the information accurately.
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												Neurology (2024).
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Do astronauts experience 'space headaches'? (2024, March 13)
												retrieved 14 March 2024
												from https://phys.org/news/2024-03-astronauts-space-headaches.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/2024-03-astronauts-space-headaches.html



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

      Chemistry

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


      
        Aiming at the industrial use of clay column chromatography for optical resolution
        A recent study, published in Applied Clay Science, could have applications in clay column chromatography for obtaining enantiomeric compounds in industries.

      

      
        Vinegar and baking soda: A cleaning hack or just a bunch of fizz?
        Vinegar and baking soda are staples in the kitchen. Many of us have combined them in childhood scientific experiments: think fizzy volcanoes and geysers.

      

      
        Space company develops centrifuge to test impact of gravity on crystalline-structured drug molecules
        Kanjakha Pal and Adrian Radocea, a pair of engineers at Varda Space Industries, a company working to develop space-based drug facilities, has developed a centrifuge-based device to test the impact of gravity on crystalline-structured drug molecules as they grow. Their paper is published in the journal Crystal Growth & Design.

      

      
        Supercharging fuel cells with caffeine
        With global goals set on transitioning away from fossil fuels, fuel cells stand out as a promising carbon-free energy source. Comprising an anode and a cathode separated by an electrolyte, fuel cells convert the chemical energy of fuel directly into electricity. The anode receives the fuel, while an oxidant, typically oxygen from the air, is introduced at the cathode.

      

      
        New high-speed microscale 3D printing technique
        3D-printed microscopic particles, so small that to the naked eye they look like dust, have applications in drug and vaccine delivery, microelectronics, microfluidics, and abrasives for intricate manufacturing. However, the need for precise coordination between light delivery, stage movement, and resin properties makes scalable fabrication of such custom microscale particles challenging. Now, researchers at Stanford University have introduced a more efficient processing technique that can print up...

      

      
        Stronger than nature: Optimized radicals as potential novel catalysts
        Nature uses enzymes for various metabolic processes. These biological catalysts are extremely efficient. Biomimetic catalysts based on inexpensive starting materials from the laboratory that can reproduce the efficiency of the natural enzymes and can function at ambient conditions are therefore of great interest to research and industry.

      

      
        
          	
            Space and Earth
          
          	
            Sections
          
          	
            Biology
          
        

      

    

  
	
	Articles
	Sections
	Next



Aiming at the industrial use of clay column chromatography for optical resolution

										


    
        
            [image: Aiming at the industrial use of clay column chromatography for optical resolution]
             
                Chromatographic resolution of tris (acetylacetonato) cobalt(III) on a column packed with an ion-exchange adduct of synthetic hectorite and chiral Cu(II) complex, [Cu(SS-L)]2+ (SS-L = SS-2,2'-isopropylidene-bis (4-phenyl-2-oxazoline)). Credit: Hisako Sato
            
        

    


A recent study, published in Applied Clay Science, could have applications in clay column chromatography for obtaining enantiomeric compounds in industries.




										    
																					A spherically-shaped particle of synthetic hectorite (denoted as Na-HEC) was ion-exchanged with a divalent Cu(II) complex, [Cu(SS-oxa)]2+ (SS-oxa = SS-2,2'-isopropylidene-bis(4-phenyl-2-oxazoline)). The material is denoted as [Cu(SS-oxa)]2+/HEC.

A column for high performance liquid chromatography (HPLC) was prepared by packing 4.0 g of [Cu(SS-oxa)]2+/HEC into a stainless tube (25 cm x 0.4 cm (i.d.)). When tris(acetylacetonato)cobalt(III) (denoted as [Co(acac)3]) was eluted by methanol at the flow rate of 0.2 mLmin-1at 4degC, the compound was separated to D- and L-enantiomers nearly to the baseline.

Useful organic molecules with two hydroxyl groups such as 1,1'-binaphthyl-2,2'-diol were also partially resolved.

With the help of theoretical simulation, it was concluded that the resolution was realized achieved by the occupation of the enantiomers in a cavity around a Cu(II) ion. The column also exhibited resolution ability toward an organic molecule with two hydroxyl groups indicating that the molecule binds with a Cu(II) ion in a stereoselective way through coordinating interactions.


																														
																				
																						More information:
												Akihiko Yamagishi et al, Use of an ion-exchange adduct of synthetic hectorite and chiral copper(II) complex as a packing material for chromatographic resolution, Applied Clay Science (2024). DOI: 10.1016/j.clay.2024.107290
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            [image: Vinegar and baking soda: A cleaning hack or just a bunch of fizz?]
             
                Adding some vinegar to your shower cleaning routine can help to dissolve away the limescale deposits on the glass. Credit: Karolina Grabowska/Pexels
            
        

    


Vinegar and baking soda are staples in the kitchen. Many of us have combined them in childhood scientific experiments: think fizzy volcanoes and geysers.



										      
         
        
        
        

      

																																	
But people also frequently mix vinegar and baking soda to produce a reportedly effective household cleaner. Unfortunately, the chemistry behind the bubbly reaction doesn't support the cleaning hype. The fizzy action is essentially a visual "placebo," formed by the combination of an acid and a base.

So, how does it work, and is it worth using these chemicals for cleaning? To understand all this, it helps to know a little more about chemistry.

What's an acid?

Foods with a sour taste typically contain acids. These include citric acid in lemon juice, malic acid in apples, lactic acid in yogurt and phosphoric acids in soft drinks. Most vinegars contain around 4%-10% acetic acid, the rest is water and small amounts of flavor chemicals.

There are other naturally occurring acids, such as formic acid in ant bites and hydrochloric acid in our stomachs. Industrially, sulfuric acid is used in mineral processing, nitric acid for fertilizer manufacturing and the highly potent hydrofluoric acid is used to etch glass.

All of these acids share similar properties. They can all release hydrogen ions (positively charged atoms) into water. Depending on their potency, acids can also dissolve minerals and metals through various chemical reactions.

This is why vinegar is an excellent cleaner for showers or kettles--it can react with and dissolve mineral deposits like limescale.

Other common acidic cleaning ingredients are oxalic acid, used for revitalizing timber decks, hydrochloric acid in concrete and masonry cleaners, and sulfamic acid in potent toilet cleaners.


																																						
    
     




																																			What's a base?

In chemistry, bases--the opposite of acids in many ways--can bind, rather than release hydrogen ions. This can help lift and dissolve insoluble grime into water. Bases can also break apart fat molecules.

Baking soda (also known as sodium hydrogen carbonate, sodium bicarbonate, or bicarb) is a relatively weak base. Stronger common bases include sodium carbonate (washing soda), sodium hydroxide (lye) and ammonia.

Sodium hydroxide is a potent drain cleaner--its strong base properties can dissolve fats and hair. This allows blockages to be broken down and easily flushed away.

Mixing a base and an acid

Mixing vinegar and baking soda causes an immediate chemical reaction. This reaction forms water, sodium acetate (a salt) and carbon dioxide--the fizzy part.

The amount of carbon dioxide gas that is produced from baking soda is remarkable--one tablespoon (around 18 grams) can release over five liters of gas. But only if you add enough acid.

Reactions in chemistry often use equal quantities of chemical reagents. A perfect balance of acetic acid and baking soda would give you just water, carbon dioxide and sodium acetate.

But the majority of vinegar and bicarb cleaner recipes use a large excess of one or the other components. An example from TikTok for a DIY oven cleaner calls for one and a half cups of baking soda and one quarter cup of vinegar.

Crunching the numbers behind the chemical reaction shows that after the fizz subsides, over 99% of the added baking soda remains. So the active cleaning agent here is actually the baking soda (and the "elbow grease" of scrubbing).

Ovens can be cleaned much more rigorously with stronger, sodium hydroxide based cleaners (although these are also more caustic). Many modern ovens also have a self-cleaning feature, so read your product manual before reaching for a chemical cleaner of any sort.


																																			What about the sodium acetate?

Devotees of vinegar and baking soda mixtures might be wondering if the product of the fizzy reaction, sodium acetate, is the undercover cleaning agent.

Unfortunately, sodium acetate is an even weaker base than baking soda, so it doesn't do much to clean the surface you're trying to scrub.

Sodium acetate is used in crystallization-based heating packs and as a concrete sealant, but not typically as a cleaner.

Fun fact: sodium acetate can be combined with acetic acid to make a crystalline food additive called sodium diacetate. These crystals give the vinegar flavor to salt and vinegar chips without making them soggy.

Sorry to burst your bubbles

There are a few rare cases where mixing vinegar and baking soda may be useful for cleaning. This is where the bubbling has a mechanical effect, such as in a blocked drain.

But in most cases, you'll want to use either vinegar or baking soda by itself, depending on what you're trying to clean. It will be less visually exciting, but it should get the job done.

Lastly, remember that mixing cleaning chemicals at home can be risky. Always carefully read the product label and directions before engaging in DIY concoctions. And, to be extra sure, you can find out more safety information by reading the product's safety data sheet.



																																																					
																					
																					
                              																					 
												  

This article is republished from The Conversation under a Creative Commons license. Read the original article.[image: The Conversation]
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Space company develops centrifuge to test impact of gravity on crystalline-structured drug molecules

										


    
        
            [image: Space company develops centrifuge to test impact of gravity on crystalline-structured drug molecules]
             
                (a) Illustration of the net force experienced during crystallization, which is the vector sum of the gravitational force and the centrifugal force. (b) Photographs of the centrifuge, which features a tiltable basket at rest and (c) in motion. Credit: Crystal Growth & Design (2024). DOI: 10.1021/acs.cgd.3c01274
            
        

    


Kanjakha Pal and Adrian Radocea, a pair of engineers at Varda Space Industries, a company working to develop space-based drug facilities, has developed a centrifuge-based device to test the impact of gravity on crystalline-structured drug molecules as they grow. Their paper is published in the journal Crystal Growth & Design.




										      
         
        
        
        

      

																					This past February, a team at Varda recovered a capsule from the Utah desert dropped via parachute after nearly eight months in orbit. The capsule held a tiny pharmaceutical plant used to grow a crystal-based HIV drug in a low-gravity environment. Prior research has suggested some drugs may be more effective if grown in low gravity, while other studies have suggested they could result in reduced costs.

Vargas, unlike competing entities, is betting that it will be less expensive to develop drugs in low-gravity environments by sending up space capsules rather than relying on orbiting stations such as the ISS.

Their researchers developed a centrifuge-based device that could be used to determine if a given drug might be a good candidate for growing in a low-gravity environment. They found that it demonstrates the impact of gravity on the crystallization process as a crystal is spun at high RPMs. Materials spun in the device reveal that gravity appears to play a major role in the way small molecules crystalize.

Thus far, the researchers have used the device to test L-histidine, an amino acid with a unique shape found to be useful in preserving organs for use in transplant surgery. The researchers call their device a "hypergravity crystallization platform." Officials at Varda have suggested that after further testing, they expect to use the device to offer pharmaceutical testing of drugs for clients. Those that are shown to be viable prospects could find themselves aboard a Varda space vehicle sometime in the near future.

Researchers at Varda have been studying the HIV drug sample returned from space to determine if it is superior to those grown on Earth, and to find out if other factors, such as radiation, may result in damage, preventing the approach from use in a medical setting.


																														
																				
																						More information:
												Kanjakha Pal et al, Gravity as a Knob for Tuning Particle Size Distributions of Small Molecules, Crystal Growth & Design (2024). DOI: 10.1021/acs.cgd.3c01274
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Supercharging fuel cells with caffeine

										

    
        
            [image: Supercharging fuel cells with caffeine]
             
                Adsorbed structure of caffeine on well-defined Pt single crystal electrodes and the activity of air electrode of fuel cell before (blue bar) and after (orange bar) caffeine modification. Credit: Professor Nagahiro Hoshi from Chiba University
            
        

    


With global goals set on transitioning away from fossil fuels, fuel cells stand out as a promising carbon-free energy source. Comprising an anode and a cathode separated by an electrolyte, fuel cells convert the chemical energy of fuel directly into electricity. The anode receives the fuel, while an oxidant, typically oxygen from the air, is introduced at the cathode.



										      
         
        
        
        

      

																																	
In a hydrogen fuel cell, hydrogen undergoes oxidation at the anode, producing hydrogen ions and electrons. The ions move through the electrolyte to the cathode, and electrons flow through an external circuit, generating electricity. At the cathode, oxygen combines with the hydrogen ions and electrons, resulting in water as the sole byproduct.

However, the presence of water affects the performance of the fuel cell. It reacts with the platinum (Pt) catalyst, forming a layer of platinum hydroxide (PtOH) on the electrode, which obstructs the efficient catalysis of the oxygen reduction reaction (ORR), leading to energy losses. To maintain efficient operation, fuel cells require a high Pt loading, which significantly increases the costs of fuel cells.

Now, in a study published in the journal Communications Chemistry on February 3, 2024, Professor Nagahiro Hoshi, along with Masashi Nakamura, Ryuta Kubo, and Rui Suzuki, all from the Graduate School of Engineering at Chiba University, Japan, have found that adding caffeine to certain platinum electrodes can increase the activity of the ORR. This discovery has the potential to reduce platinum requirements, making fuel cells more affordable and efficient.


																																						
    
     




																																			"Caffeine, one of the chemicals contained in coffee, enhances the activity of a fuel cell reaction 11-fold on a well-defined Pt electrode of which atomic arrangement has a hexagonal structure," says Prof. Hoshi.

To assess caffeine's impact on the ORR, researchers measured current flow through platinum electrodes immersed in an electrolyte containing caffeine. These platinum electrodes had surface atoms arranged in specific directions, namely (111), (110), and (100).

There was a notable improvement in the electrode's ORR activity with an increase in caffeine concentration in the electrolyte. Caffeine, when present, adsorbs onto the electrode's surface, effectively preventing hydrogen adsorption and the formation of Pt oxide on the electrode. However, the effect of the caffeine depended on the orientation of the platinum atoms on the electrode's surface.

At a caffeine molar concentration of 1 x 10[?]6, the ORR activity on Pt(111) and Pt(110) increased by 11 and 2.5 times, respectively, with no noticeable effect on Pt(100). To understand this difference, the researchers investigated the molecular orientation of caffeine on the electrode surface using Infrared Reflection Absorption Spectroscopy.

They found that caffeine gets absorbed on Pt(111) and Pt(110) surfaces with its molecular plane perpendicular to the surface. However, on Pt(100), steric hindrances cause it to be attached with its molecular plane tilted relative to the surface of the electrode.

"The increased ORR activity of Pt(111) and Pt(110) was attributed to the decreased PtOH coverage and lower steric hindrance of the adsorbed caffeine. Conversely, for Pt(100), the effect of decreasing PtOH was counteracted by the steric hindrance of the adsorbed caffeine, and thus caffeine did not affect the ORR activity," explains Prof. Hoshi.

Unlike batteries with limited lifespans, fuel cells can generate power as long as fuel is supplied, making them suitable for various applications, including vehicles, buildings, and space missions. The proposed method has the potential to improve the designs of fuel cells and lead to their widespread use.



																																																					
																				
																						More information:
												Nagahiro Hoshi et al, Enhanced oxygen reduction reaction on caffeine-modified platinum single-crystal electrodes, Communications Chemistry (2024). DOI: 10.1038/s42004-024-01113-6
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            [image: New high-speed microscale 3D printing technique]
             
                The 3D-printed DeSimone lab logo, featuring a buckyball geometry, demonstrates the r2rCLIP system's ability to produce complex, non-moldable shapes with micron-scale features. Credit: DeSimone Research Group, SEM courtesy of Stanford Nano Shared Facilities
            
        

    


3D-printed microscopic particles, so small that to the naked eye they look like dust, have applications in drug and vaccine delivery, microelectronics, microfluidics, and abrasives for intricate manufacturing. However, the need for precise coordination between light delivery, stage movement, and resin properties makes scalable fabrication of such custom microscale particles challenging. Now, researchers at Stanford University have introduced a more efficient processing technique that can print up to 1 million highly detailed and customizable microscale particles a day.



										      
         
        
        
        

      

																																	
"We can now create much more complex shapes down to the microscopic scale, at speeds that have not been shown for particle fabrication previously, and out of a wide range of materials," said Jason Kronenfeld, Ph.D. candidate in the DeSimone lab at Stanford and lead author of the paper that details this process, published today in Nature.

This work builds on a printing technique known as continuous liquid interface production, or CLIP, introduced in 2015 by DeSimone and coworkers. CLIP uses UV light, projected in slices, to cure resin rapidly into the desired shape. The technique relies on an oxygen-permeable window above the UV light projector. This creates a "dead zone" that prevents liquid resin from curing and sticking to the window. As a result, delicate features can be cured without ripping each layer from a window, leading to faster particle printing.

"Using light to fabricate objects without molds opens up a whole new horizon in the particle world," said Joseph DeSimone, the Sanjiv Sam Gambhir Professor in Translational Medicine at Stanford Medicine and corresponding author of the paper. "And we think doing it in a scalable manner leads to opportunities for using these particles to drive the industries of the future. We're excited about where this can lead and where others can use these ideas to advance their own aspirations."


																																						
    
     




																																			Roll to roll

The process that these researchers invented for mass producing uniquely shaped particles that are smaller than the width of a human hair is reminiscent of an assembly line. It starts with a film that is carefully tensioned and then sent to the CLIP printer. At the printer, hundreds of shapes are printed at once onto the film and then the assembly line moves along to wash, cure, and remove the shapes--steps that can all be customized based on the shape and material involved.

At the end, the empty film is rolled back up, giving the whole process the name roll-to-roll CLIP, or r2rCLIP. Prior to r2rCLIP, a batch of printed particles would need to be manually processed, a slow and labor-intensive process. The automation of r2rCLIP now enables unprecedented fabrication rates of up to 1 million particles per day.

If this sounds like a familiar form for manufacturing, that's intentional.

"You don't buy stuff you can't make," said DeSimone, who is also professor of chemical engineering in the School of Engineering. "The tools that most researchers use are tools for making prototypes and test beds, and to prove important points. My lab does translational manufacturing science--we develop tools that enable scale. This is one of the great examples of what that focus has meant for us."

There are tradeoffs in 3D printing of resolution versus speed. For instance, other 3D printing processes can print much smaller--on the nanometer scale--but are slower. And, of course, macroscopic 3D printing has already gained a foothold (literally) in mass manufacturing, in the form of shoes, household goods, machine parts, football helmets, dentures, hearing aids, and more. This work addresses opportunities in between those worlds.

"We're navigating a precise balance between speed and resolution," said Kronenfeld. "Our approach is distinctively capable of producing high-resolution outputs while preserving the fabrication pace required to meet the particle production volumes that experts consider essential for various applications. Techniques with potential for translational impact must be feasibly adaptable from the research lab scale to that of industrial production."


																																			Hard and soft

The researchers hope that the r2rCLIP process sees wide adoption by other researchers and industry. Beyond that, DeSimone believes that 3D printing as a field is quickly evolving past questions about the process and toward ambitions about the possibilities.

"r2rCLIP is a foundational technology," said DeSimone. "But I do believe that we're now entering a world focused on 3D products themselves more so than the process. These processes are becoming clearly valuable and useful. And now the question is: What are the high-value applications?"

For their part, the researchers have already experimented with producing both hard and soft particles, made of ceramics and of hydrogels. The first could see applications in microelectronics manufacturing and the latter in drug delivery in the body.

"There's a wide array of applications, and we're just beginning to explore them," said Maria Dulay, senior research scientist in the DeSimone lab and co-author of the paper. "It's quite extraordinary, where we're at with this technique."
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												Jason M. Kronenfeld et al, Roll-to-roll, high-resolution 3D printing of shape-specific particles, Nature (2024). DOI: 10.1038/s41586-024-07061-4
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Nature uses enzymes for various metabolic processes. These biological catalysts are extremely efficient. Biomimetic catalysts based on inexpensive starting materials from the laboratory that can reproduce the efficiency of the natural enzymes and can function at ambient conditions are therefore of great interest to research and industry.



										      
         
        
        
        

      

																																	
In a project led by the Institute of Chemistry at the Humboldt-Universitat zu Berlin (HU), researchers have been investigating a special group of biological catalysts known as oxidases. These enzymes catalyze various oxidation reactions, where electrons are released from one substance and absorbed by another. Small, highly reactive particles, so-called radicals, often play an important role in these processes.

Oxidizing capacity improved by binding to iron

The enzyme of present interest is galactose oxidase found in many types of fungi, where a phenoxyl radical is used as the oxidant. The team led by HU researcher Kallol Ray has now found a way to utilize the phenoxyl radical in the laboratory in such a way that the oxidation capacity can be increased significantly.

In the naturally occurring enzyme, the phenoxyl radical is stabilized by a sulfur atom, which limits its oxidation capacity. The researchers have now improved the oxidation ability by attaching an unmodified phenoxyl radical to iron and have chemically characterized this iron-phenoxyl radical for the first time. Ray's team collaborated with colleagues from the Technical University of Berlin and the University of Michigan, U.S., on this project.

The work is published in the journal Nature Chemistry.


																																						
    
     




																																			First description of the iron phenoxyl radical--important for research and industry

"We expect that our work will be the starting point for more targeted efforts to utilize the iron-phenoxyl radical interaction for various biochemical reactions," says Ray. "This can support the development of novel catalysts needed for alternative energy technologies and other biotechnological applications."

The research results of Ray and his team are of great importance for both research and application, as the reaction catalyzed by galactose oxidase (oxidation of a primary alcohol to the corresponding aldehyde) is one of the most important and most widely used chemical reactions in organic synthesis.

The findings could also be used in industry to convert the climate-damaging gas methane into liquid methanol. Unlike methane, which is a volatile gas and therefore difficult to handle, methanol is easy to transport and can be used as a synthetic fuel. Currently, a great deal of energy is required to convert methane into methanol. The chemical reaction takes place only at high temperatures (> 500 degree Celsius) and under high pressure. Biomimetic catalysts could significantly reduce this energy input.

"In this project, it was exciting to see the unexpected structural and functional resemblance of our synthetic system to natural enzymes," says Dustin Kass, a Ph.D. student in Kallol Ray's research group and the lead author of this study.



																																																					
																				
																						More information:
												Dustin Kass et al, Trapping of a phenoxyl radical at a non-haem high-spin iron(II) centre, Nature Chemistry (2024). DOI: 10.1038/s41557-023-01405-9
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Scent training could make pet dogs better behaved, shows study
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Scent training could make pet dogs better behaved, suggests a study by Aberystwyth University academics published in Animals.




										      
         
        
        
        

      

																																	The research suggests that pet dogs trained to detect smells have improved mental ability and capacity to carry out certain tasks.

Training is known to improve dogs' ability to solve cognitive tasks, but previous research has focused on comparing highly trained working dogs, like those trained in search and rescue or assistance dogs, with untrained pets.

The study by researchers from Aberystwyth University, in collaboration with Emma Stoker, owner of Puppy Plus in Newtown, suggests that even pet dog training can alter how our dogs cope with cognitive tasks.

The team tested the animals, who had been trained to varying degrees, with two tasks both requiring impulse control.

One was a test to navigate a transparent barrier to get food, known as the "detour task." The other "A not B task" involved the dogs being able to switch their choice from one pot to another, depending on where food was placed.

The study found that dogs trained in scent work performed better in these tasks than those who were not. The new research demonstrates that scent training can improve dogs' ability to avoid acting impulsively to complete a specific task.

This ability, known as inhibitory control, has been shown to improve canines' problem-solving skills.


																																						
    
     




																																			Importantly for pet owners, poor impulse control is thought to be the cause of a lot of unwanted behaviors in dogs, such as destructive behavior and inappropriate toileting. So, the new findings suggests that scent training could be a way for owners to improve their dogs' behavior.

Dr. Sarah Dalesman, who co-supervised the project, said, "We are a nation of dog and animal lovers, and for good reason. They are very important for our lives and play a variety of roles--from offering vital companionship to working in the emergency services. For those and many other reasons, understanding their behavior and what influences it is important.

"This research shows that dogs that train primarily in scent work have stronger inhibitory control, suggesting that this training can have a positive effect on their behavior.

"Scent training is offered by a lot of dog trainers, and easy to practice at home. It might offer a great way for owners to improve their pet's behavior, and we're aiming to test this theory in future studies."

Dr. Sebastian McBride from Aberystwyth University added, "This research is important in helping us understand how dogs' behavior is influenced by the extent that they have been trained. Based on our findings, future studies should not simply separate dogs into highly trained versus untrained, but rather take account of this relationship between specific training and behavior.

"This exciting research would not be possible without all the volunteer dogs, their owners and local training clubs who participate, so we would like to thank them all for their support."


																																																					
																				
																						More information:
												Nerys Mellor et al, Impact of Training Discipline and Experience on Inhibitory Control and Cognitive Performance in Pet Dogs, Animals (2024). DOI: 10.3390/ani14030428
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Scientists describe new orchid species related to famous Darwin's orchid
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                Giant-spurred Solenangis, Solenangis impraedicta, is a new orchid species described by Missouri Botanical Garden scientists and collaborators from Madagascar. Credit: Marie Savignac
            
        

    


Missouri Botanical Garden scientists and collaborators discovered and described a new orchid species in Central Madagascar with a record-setting nectar spur and close ties to the famous "Darwin's orchid." This novelty species needs urgent conservation action, scientists say.



										      
         
        
        
        

      

																																	
"Discovering a new orchid species is always an exciting event, but finding such amazing and charismatic species happens only once in a scientist's career. I really hope that this highly threatened species draws attention to the urgent crisis that is affecting Madagascar's biodiversity and helps support Garden's program there," said Tariq Stevart, Director of the Garden's Africa and Madagascar program.

The flora of Madagascar is known for flowers with elongated floral tubes pollinated by long-tongued hawkmoths. The most famous of these species, Angraecum sesquipedale, is known as Darwin's orchid, to pay tribute to Charles Darwin's theory that the flower was pollinated on a not-yet-discovered moth with a long proboscis. Scientists described the large hawkmoth, Xanthopan praedicta, 41 years after his prediction.

A newly published paper, "A new orchid species expands Darwin's predicted pollination guild in Madagascar," reveals an unexpected new case of parallel evolution with Darwin's orchid in the newly described giant spurred Solenangis impraedicta whose nectar spur reaches a whopping 33 cm in length.

The study is published in the journal Current Biology.

"The contrast between the little 2-cm flowers and the hyper-long nectar tube is mind-blowing," said co-author Joao Farminhao of the Coimbra University Botanic Garden.


																																						
    
     




																																			Solenangis impraedicta has the third longest spur ever recorded among flowering plants, and the longest nectar spur of any known plant relative to flower size. It is the only new orchid species with such an extreme adaptation to hawkmoth pollination described since 1965.

Patrice Antilahimena, a Garden field botanist, first collected the species during the baseline environmental impact study of a mine site in Central-Eastern Madagascar. Ten years later, Garden Botanist Brigitte Ramandimbisoa and Simon Verlynde, Ph.D. student at the New York Botanical Garden, discovered a new location. The novelty belongs to the angraecoid orchids group that Stevart and an international team of experts have extensively studied. Stevart, an expert in African orchid taxonomy and conservation, first identified this species as an undescribed species of Solenangis.
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This sensational new member of "Darwin's pollination guild" is threatened by mining activities and potentially by poaching for the orchid trade.

"A precautionary approach is required when publishing such a spectacular new species. Wild populations must be protected and monitored and detailed information on their precise coordinates must be kept out of the public domain. So, don't ask us to reveal where we found it, somewhere in Madagascar," added Stevart.

The 15-year gap between this species' discovery and formal description allowed the team to implement conservation measures before the giant-spurred Solenangis achieves stardom. These include ex situ cultivation and seed banking as part of a collaboration between the Garden and the Ambatovy Conservation Department.

The pollination biology of Solenangis impraedicta was preliminarily studied using camera traps by Marie Savignac in 2019.

The observational period did not result in any conclusive pollination events, but the most likely pollinators are the large hawkmoths Coelonia solani and Xanthopan praedicta. The species name "impraedicta" (meaning unpredicted in Latin) is a nod to Darwin's prediction of the star orchid pollinator, which took 130 years to confirm in full. Hopefully, this time it won't take as long to identify the pollinator in the act.



																																																					
																				
																						More information:
												Joao Farminhao et al, A new orchid species expands Darwin's predicted pollination guild in Madagascar, Current Biology (2024). DOI: 10.1016/j.cub.2024.01.012
																						
																					


                               											
																					
												
													Provided by
																											Missouri Botanical Garden
																									

											

                              										                                        
										
										
											 
												Citation:
												Scientists describe new orchid species related to famous Darwin's orchid (2024, March 14)
												retrieved 14 March 2024
												from https://phys.org/news/2024-03-scientists-orchid-species-famous-darwin.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/2024-03-scientists-orchid-species-famous-darwin.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New bioengineered protein design shows promise in fighting COVID-19
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In the wake of the COVID-19 pandemic, scientists have been racing to develop effective treatments and preventatives against the virus. A recent scientific breakthrough has emerged from the work of researchers aiming to combat SARS-CoV-2, the virus responsible for COVID-19.



										      
         
        
        
        

      

																																	
Led by Jin Kim Montclare and her team, the study, published in the Biochemical Engineering Journal, focuses on the design and development of a novel protein capable of binding to the spike proteins found on the surface of the coronavirus. The goal behind this innovative approach is twofold: first, to identify and recognize the virus for diagnostic purposes, and second, to hinder its ability to infect human cells.

The engineered protein, resembling a structure with five arms, exhibits a unique feature--a hydrophobic pore within its coiled-coil configuration. This feature enables the protein not only to bind to the virus but also to capture small molecules, such as the antiviral drug Ritonavir.

Ritonavir, already utilized in the treatment of SARS-CoV-2 infections, serves as a logical choice for integration into this protein-based therapeutic. By incorporating Ritonavir into the protein, the researchers aim to enhance the treatment's efficacy while simultaneously targeting the virus directly.

The study marks a significant advancement in the fight against COVID-19, showcasing a multifaceted approach to combating the virus. Through a combination of protein engineering and computational design, the team has devised a promising strategy that may revolutionize current treatment modalities.


																																						
    
     




																																			Although the research is still in its early stages, with no human or animal trials conducted as yet, the findings offer a proof of principle for the therapeutic potential of the designed protein. The team has demonstrated its ability to enhance the protein's binding affinity to the virus spike protein, laying the groundwork for future investigations.

The potential applications of this protein-based therapeutic extend beyond COVID-19. Its versatility opens doors to combating a range of viral infections, offering a dual mode of action--preventing viral entry into human cells and neutralizing virus particles.

Furthermore, the success of this study underscores the importance of computational approaches in protein design. By leveraging computational tools such as Rosetta, the researchers have accelerated the process of protein engineering, enabling rapid iterations and optimization.

The development of this novel protein represents a significant step forward in the ongoing battle against COVID-19. As research progresses, the integration of computational design and protein engineering holds promise for the development of innovative therapeutics with broad-spectrum antiviral capabilities. While challenges remain, this study offers hope for a future where effective treatments against emerging viral threats are within reach.



																																																					
																				
																						More information:
												Dustin Britton et al, Dual coiled-coil protein domain mimic and drug delivery vehicle for SARS-CoV-2, Biochemical Engineering Journal (2024). DOI: 10.1016/j.bej.2024.109261
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Dog-killing flatworm discovered in Southern California
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                The tiny snail host that transmits H. americana. Credit: Adler Dillman/UCR
            
        

    


UC Riverside scientists confirm, for the first time, that a potentially fatal dog parasite is present in a portion of the Colorado River that runs through California.



										      
         
        
        
        

      

																																	
The parasite, Heterobilharzia americana, is a flatworm commonly referred to as liver fluke. Previously found almost exclusively in Texas and other Gulf Coast states, it has never been reported this far west. The worm can cause canine schistosomiasis, an illness that impacts the liver and intestines of dogs.

"Dogs can die from this infection, so we are hoping to raise public awareness that it's there," said UCR nematology professor Adler Dillman. "If you're swimming in the Colorado River with them, your pets are in peril."

After learning about cases of the infection in local dogs, Dillman assembled a research team and headed to Blythe, a border town east of Joshua Tree National Park in Riverside County, where the sick dogs had all spent time swimming in the river.

The infection is driven by the presence of a snail that transmits the worm. The research team collected more than 2,000 snails from the banks of the river. A paper published in the journal Pathogens describes how the team used DNA to confirm the identity of both the snails and the flatworm.
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"We actually found two species of snails that can support H. americana in the river in Blythe, and we found both snails actively shedding this worm," Dillman said. "Not only was it a surprise to find H. americana, we also did not know that the snails were present here."


																																						
    
     




																																			After transforming itself inside one of the snails, the worm ventures out with the goal of finding a mammal to infect. In this stage it can only survive on its own for about 24 hours. If a dog or a raccoon is in the water, or drinking, then it gets infected.

"It gets into the veins of the intestinal lining, and that's where it develops into an adult and mates," Dillman said. "The presence of the adults in the veins isn't the problem. It's the eggs that get into the lungs, spleen, liver, and heart. The immune system tries to deal with it, and hard clusters of immune cells called granulomas form. Eventually the organ tissues stop functioning."

Once infected, it can be several months before the worst symptoms of the illness appear. Since 2019 in California, 11 dogs in three counties have been confirmed with this disease, and one has died. Health officials hope that with awareness they can prevent further infections and deaths.

"Symptoms start gradually with a loss of appetite, and eventually include vomiting, diarrhea, profound weight loss, and signs of liver disease. If your dog has these symptoms after swimming in the Colorado River, it's a good precaution to ask your veterinarian for a simple fecal test," said Emily Beeler, a veterinarian with the Los Angeles County Department of Public Health.
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                UC Riverside researchers collecting samples from the Colorado River in Blythe. Credit: Adler Dillman/UCR
            
        

    



"Treatment typically involves use of multiple medications and close monitoring of the dog by a veterinarian," Beeler said.


																																			It is important to note that H. americana is not known to be capable of causing disease in humans. "It can cause swimmer's itch, a red rash where it penetrates human skin. But it's not able to cause infection," Dillman said.

Additionally, Dillman hopes to allay concerns that the parasite could be contaminating urban drinking water. "Compared to other pathogens these worms are fairly large. They can easily be filtered out with common water purification strategies," he said. Though there is no cause for concern about contamination of water sources, drinking the water directly is still inadvisable.

"You have viruses, bacteria, and other parasites such as Giardia in rivers," Dillman said. "Nobody should be drinking straight out of the river, and that has nothing to do with this particular parasite."



																																																					
																				
																						More information:
												Anil Baniya et al, Canine Schistosomiasis in the West Coast: Heterobilharzia americana in Two Natural Intermediate Hosts Found in the Colorado River, California, Pathogens (2024). DOI: 10.3390/pathogens13030245
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Victoria's new habitat law fails to protect a tiny endangered species, say researchers
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                Mount Donna Buang Wingless Stonefly is one of only three wingless stonefly species in Australia. Credit: Eddie Tsyrlin
            
        

    


Australia's unique and diverse wildlife is a source of national pride and global fascination. But this reputation is marred by our country's alarming rate of species extinction.




										      
         
        
        
        

      

																																	
Australia has already earned the dubious title of the world leader in mammal extinction--and invertebrate (animals such as spiders, worms, snails, lobsters, crabs and insects) extinctions are likely to follow.

In the state of Victoria, the Critical Habitat Determination, which sits under the Flora and Fauna Guarantee Act, is a key conservation tool that has never been applied.

It aims to safeguard critical habitat for threatened species when no other laws afford adequate protection and the distribution of a particular species is uncertain.

So the recent decision by the Department of Energy, Environment and Climate Action (DEECA) to go against the advice of the Scientific Advisory Committee and not extend any protection to the critically endangered Mount Donna Buang Stonefly (Riekoperla darlingtoni) has potentially dire consequences for this species and others.


																																						
    
     




																																			According to reports, DEECA has yet to comment publicly.

The stonefly, one of only three wingless stonefly species in Australia, lives in alpine regions above 800 meters, thriving in small streams fed by spring rains and snowmelt.

The adult Mount Donna Buang Wingless Stonefly is brown and about 12 millimeters in length with dark markings on its thorax. The nymph--the sub-adult aquatic stage--grows in water and is smaller with a terminal gill tuft.

Uniquely adapted to cold conditions, the adult stonefly emerges at below zero temperatures, something not found in any other Australian stoneflies.

In 2013, the International Union for Conservation of Nature (IUCN) recognized its "critically endangered" status and in 2022, it highlighted this tiny insect's significance as one of 50 landmark freshwater species for conservation globally.

Although the species may not be as famous as some of Australia's other endangered animals like the earless dragon or the Bogong moth, it is a crucial part of our biological heritage. And it's in trouble.

Since 2006, its main population has dropped by more than 90%, a situation likely made worse by climate change-induced warmer weather as well as reduced rainfall and snow cover.


																																			However, the Mount Donna Buang Stonefly is still not listed under the federal Environment Protection and Biodiversity Conservation Act (EPBC Act).

Without this, there's no access to enhanced protection or resources for an adequate survey and development of a recovery plan.

And without a Critical Habitat Determination, protection is limited only to a very small area around Mount Donna Buang in the Victorian Alps.

But in fact, the actual range of the species could be larger, given other potential suitable areas of habitat above 800 meters of altitude and with seasonal alpine springs.

Having a Critical Habitat Determination is an efficient mechanism to ensure care is taken with any commercial developments, and management activities that include road grading, trail maintenance, weed spray, firebreak logging, control burns and the like.

The lack of a Critical Habitat Determination in this case was based on the fact that the species lives in a national park--in Australia, this is an area of land protected because of its unspoiled landscape, outstanding or representative ecosystem.

It was also based on the fact that a proposed mountain bike trail wouldn't be built close to a known site where the stonefly lives.

But while residency in a national park offers some safeguards, developments like the mountain bike trail do occur.


																																						
    
     




																																			Without formal recognition under the EPBC Act or a Critical Habitat Determination--the stonefly remains on the brink of extinction.

It's concerning that the advice of the Scientific Advisory Committee was not followed, given the often-repeated principle of "science informs management" and the precautionary principle of biodiversity conservation.

It also suggests gaps in the Critical Habitat Determination framework.

Unfortunately, the list of species in need of protection in Australia is growing and protection of our natural heritage remains a problem.

For example, Victoria's latest State of the Environment Report tells us that only five out of the 13 goals of the five-year Threatened Species Strategy were met by 2020.

By the government's own assessment, our biodiversity management, particularly the management of threatened species and ecological communities, remains poor.

When it comes to invertebrates, only 35% of the estimated 320,465 invertebrate species in Australia have been formally identified. And only one-tenth of 1% of these species have been listed as threatened.

All of this means that Australia clearly doesn't know how much invertebrate biodiversity we have and how much we risk losing. So much more investment is needed to catalogue our species diversity accurately.

Meanwhile, efforts aimed at conserving the Mount Donna Buang Stonefly are not just about saving individual species. Other species, some likely yet to be identified, will also benefit.

In the 21st century, it's time to ensure that future generations of humans and animals inherit a rich and diverse landscape that includes a small but important wingless stonefly.
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Shade-grown coffee demonstrates the benefits of combining agriculture and conservation

										

    
        
            [image: Shade-grown coffee demonstrates the benefits of combining agriculture and conservation, an Oxford Brookes University study reveals]
             
                A coffee farm in Java. Credit: Sophie Manson
            
        

    


Increasing shade cover over coffee plants can increase biodiversity and provide new ways to combine agriculture and conservation, a new study has revealed.



										      
         
        
        
        

      

																																	
Coffee grown in high shade, with more than 30% canopy cover, provides a home to more plant and animal species than coffee grown in the sun or on low shade farms with less than 30% canopy cover, the study found.

Preserving biodiversity is good news for farmers as it means better natural pest control and improved soil quality. The quality of the coffee produced also actively improves with increased shade.

Sophie Manson, a Ph.D. student, and the lead author led a team from Oxford Brookes University's Nocturnal Primate Research Group Team. Manson said, "Agriculture is one of the greatest threats facing species around the world. Whether it is cutting down trees to make way for farms or using chemical pesticides and fertilizers, bad farming practices can hold dire consequences."

"Yet it doesn't have to be this way. Paving the way in combining agriculture and conservation, shade-grown coffee has the ability to challenge our perception of agriculture and reframe the way we look at farming. Weaving agriculture into conservation initiatives, through practices such as shade-grown coffee, will enable countries to reach biodiversity targets and maintain their rich cultural and ecological heritage."

Dr. Marco Campera, a co-author of the paper, said, "We showed that several groups of species with important roles for ecosystems and humans, such as pollinators, are penalized by shade tree removal. This, in turn, can lead to a loss in profits for farmers and cause management costs to increase through agrochemicals. Therefore, traditional ways of cultivating coffee and other non-timber forest products, such as growing them under shade, should be prioritized."


																																						
    
     




																																			The research began with keyword searches of relevant academic research into the effects of shade on biodiversity in coffee farms. Specific criteria were then used to analyze 1,900 relevant research papers on the subject.

The Nocturnal Primate Research Group Team, which has one major project that focuses on West Java, Indonesia, also found some species, for example, mammals like slow lorises and plants such as ferns and orchids, that need high shade to survive.

Co-author Professor Anna Nekaris OBE, Professor in Primate Conservation at Oxford Brookes University, said, "What this means is that if we want to conserve mammals and air-purifying ferns and orchids, we can only do that in areas of high shade. Low shade simply isn't enough."

The study also noted that location is vital when considering shade cover. Studies in Latin America indicate that species diversity increases in farms with higher canopy cover, studies in Africa showed the opposite trend.

Manson said, "What may work in one place may not apply elsewhere--a rule to bear in mind when considering any conservation initiative.

"The study shows the benefits of shade-grown coffee and we are keen to promote the benefits. However, this can only be done on the understanding that further destruction of forests for any form of agriculture will render the value of shade-grown coffee entirely redundant. Our focus now should lie in conservation and how we can optimize productivity alongside biodiversity."

The study is published in the journal Science of The Total Environment.



																																																					
																				
																						More information:
												Sophie Manson et al, Effect of shade on biodiversity within coffee farms: A meta-analysis, Science of The Total Environment (2024). DOI: 10.1016/j.scitotenv.2024.169882
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Plant identification via app enables phenological monitoring
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                Spring snowflakes at Isserstedt, Thuringa, Germany. Credit: Max Planck Society
            
        

    


Researchers from the Max Planck Institute for Biogeochemistry in Jena and the Ilmenau University of Technology, Germany, have shown that plant observations collected with plant identification apps such as Flora Incognita allow statements to be made about the developmental stages of plants--both on a small scale and across Europe.



										      
         
        
        
        

      

																																	
"The snowdrops have never bloomed as early as this year, have they?" Many people who explore nature with keen senses will surely have asked themselves such questions. The German Weather Service (DWD) has already reported that the phenological early spring is already in full swing this year--three weeks earlier than the long-term average.

Many plants in temperate latitudes go through the same cycle of flowering, leaf emergence, fruit formation, leaf coloration, and leaf fall every year. The recurring sequence of these events is known as phenology and is closely linked to the prevailing local climatic conditions. Climate changes influence these developmental phenomena, and various plant species react differently to changes, such as the arrival of an earlier spring.

This has not only consequences for the natural food chains, but also for the timing of certain agricultural processes. In ecological terms, it can result in plants already flowering, but the corresponding pollinator insects have not yet hatched or are active. Due to the changes brought about by climate change, it is of great importance to document the plant phenology of as many species as possible over large areas and over long periods of time.


																																						
    
     




																																			Traditionally, phenological monitoring, e.g., by the German Weather Service (DWD), is carried out with the help of trained volunteers. However, the number of these citizen scientists has been in sharp decline for years. Another limiting factor is that such data collection is usually restricted to certain countries, regions, and plant species.

In two new research papers, scientists from the Max Planck Institute for Biogeochemistry (MPI-BGC) in Jena and the Ilmenau University of Technology have shown that plant identifications using free smartphone apps such as Flora Incognita or reporting data from platforms such as iNaturalist can map differences in the phenology of plant species and are therefore very well suited as a new, growing data source for further research questions.

In a new publication, the researchers show that, for some species, the observation patterns of Flora Incognita correspond very well with those of the German Weather Service. For example, if the DWD registers an earlier start of flowering of the elderberry in one year compared to the previous year, this shift is also reflected in the identification requests in Flora Incognita.

This is because as soon as plants start to flower, they catch the eye of interested individuals, and the number of identification requests increases rapidly.

Negin Katal, a Ph.D. student at the MPI-BGC and first author of the study, says, "Users of Flora Incognita benefit twice: they learn more about plants while exploring nature and at the same time collect important data for phenological monitoring in Germany and Europe."


																																			In a second publication, the researchers show that smartphone observations of many plant species reflect known supraregional phenological patterns, for example, the later flowering of species in northern and eastern Europe or depending on the altitude of the terrain.

"We were able to show that phenological patterns can be found in citizen science data, even though they were not recorded for the purpose of phenology monitoring," explains Dr. Michael Rzanny from the MPI-BGC and first author of the study. "Certain events such as the start of flowering can be read from the data--even on larger scales."

Prof. Patrick Mader, co-leader of the Flora Incognita project at the Ilmenau University of Technology, comments, "The present work clearly shows that the efforts in the development of the Flora Incognita app, especially in AI-based automatic identification will also be fruitful for research five years after the first release of the app. We are enabling a large number of people with different botanical backgrounds to participate in phenological monitoring."

"We are delighted that some users take pictures of the blooming of snowdrops or the elderflower every year, even if they have known the species for a long time," adds Dr. Jana Waldchen, co-project manager at the MPI-BGC. "Consciously perceiving the life cycles of plants is a good way to engage with the changes in nature, and Flora Incognita makes documentation easy."

The results of both research projects show that new data sources such as identification apps and reporting platforms can do more than satisfy individual curiosity: they provide a reliable source for the spatial and temporal occurrence of plant species and enable research on various questions.

The findings are published in the journals npj Biodiversity and Frontiers in Plant Science.



																																																					
																				
																						More information:
												Michael Rzanny et al, Opportunistic plant observations reveal spatial and temporal gradients in phenology, npj Biodiversity (2024). DOI: 10.1038/s44185-024-00037-7

Negin Katal et al, Bridging the gap: how to adopt opportunistic plant observations for phenology monitoring, Frontiers in Plant Science (2023). DOI: 10.3389/fpls.2023.1150956
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Forest and stream habitats keep energy exchanges in balance, global team finds
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                Sycamore Creek flows through an arid landscape in Arizona. It was one of the streams included in the study on how streams and forests exchange energy. Credit: Daniel Allen
            
        

    


Forests and streams are separate but linked ecosystems, existing side by side, with energy and nutrients crossing their porous borders and flowing back and forth between them. For example, leaves fall from trees, enter streams, decay and feed aquatic insects. Those insects emerge from the waters and are eaten by birds and bats.



										      
         
        
        
        

      

																																	
An international team led by Penn State researchers has now found that these ecosystems appear to keep the energy exchanges in balance--a finding that the scientists called surprising.

Scientists around the world who have conducted research on the exchange of energy, materials and organisms between these connected ecosystems have come to call the phenomenon "allochthony"--meaning the consumption of resources by organisms residing in one ecosystem, when that energy was produced in another ecosystem.

The balance between aquatic and terrestrial ecosystems has been difficult to gauge and poorly understood at a global scale because it depends on an uneven flow of energy and nutrients that fluctuates across seasons and across different climates.

But findings of a new study recently published in Ecology Letters sheds new light on the relationship between forests and streams. The researchers, who analyzed data from 149 studies of coupled forest-stream ecosystems around the world, found that aquatic and terrestrial organisms consume the same amount of energy that comes from the opposite ecosystem.


																																						
    
     




																																			"This was a really interesting and unexpected result because we know that there's way more energy flowing into streams in the form of leaves that fall from trees than what comes out in the form of emergent aquatic insects," said the study's lead author Daniel Allen, assistant professor of aquatic ecology, Penn State College of Agricultural Sciences.

"But the quality of the resources is vastly different, because the aquatic insects that emerge from streams are very nutritious."
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                    This tropical stream, the Edith River, in the Northern Territory, Australia, was part of the study. Credit: Erica Garcia
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                    On the left, a long-jawed orb-weaver, a common riparian spider that specializes in catching aquatic insects as they emerge from streams, and an Isoperla stonefly emerging from its aquatic exoskelton, or skin. After living in a stream for the previous one to three years, the insect rests for a few minutes as its new exoskeleton and wings harden, after which it will fly away and live as a terrestrial adult for one to four weeks. Credit: Wikipedia Commons
                
            

        

    

The researchers also found that consumer allochthony varies with feeding traits for aquatic invertebrates, fish and terrestrial arthropods--such as insects, beetles and spiders--but not for terrestrial vertebrates such as birds and rodents.

Finally, they reported that allochthony is nearly twice as great in arid climates than tropical ones for aquatic invertebrates, but remains steady for fish across varied climates.

"Most people don't think about streams and forests being interrelated, but the organisms those habitats support are dependent on energy and resources that come from outside their ecosystem," Allen said.

"This phenomenon is true around the world, and this study is important because we collected data across the planet, to look at how this fundamental process varies in different climates, seasons and from over 700 different stream and riparian species."



																																																					
																				
																						More information:
												Daniel C. Allen et al, Global patterns of allochthony in stream-riparian meta-ecosystems, Ecology Letters (2024). DOI: 10.1111/ele.14401
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To facilitate the use of cannabis in the medical field, researchers from the IBeA group of the UPV/EHU have developed a rapid analytical technique for the strict control of the growth of cannabis plants. The plants have been classified according to cannabinoid type using hyperspectral imaging and machine learning.



										      
         
        
        
        

      

																																	
The new technique, published in Computers and Electronics in Agriculture, would make it possible to automatically ensure the traceability or quality control of medicinal cannabis plants on an industrial scale.

Recent years have seen a growing acceptance of the idea that the use of cannabis may be of great help in certain diseases or as pain relief. Some European countries, for example, have opted to use cannabis as a therapeutic substance. Cannabinoid compounds in cannabis are the ones that have aroused the most interest in medicine, as they have the capacity to influence the regulation of brain plasticity, neural development, energy balance and appetite.

In any case, cannabis synthesizes different types of cannabinoids that have different effects on the receptor, both therapeutic and psychoactive. So accurate, efficient methods need to be developed to ensure quality control in the plant production process. "Medical cannabis must be produced in a very controlled way and there is as yet no clear regulation in this regard," explained Markel San Nicolas, researcher in the UPV/EHU's IBeA group of the University of the Basque Country.

Researchers in the UPV/EHU's Department of Analytical Chemistry have proposed an advanced analytical technology to rapidly classify the plants on the sites where cannabis is grown. "We have confirmed that cannabis plants can be classified by chemotype using hyperspectral imaging and machine learning," explained San Nicolas.

Cannabis chemotypes I, II and III are differentiated according to the concentration of cannabinoids THC and CBD. THC is the main psychoactive component of cannabis, while CBD is non-psychoactive and is of therapeutic use. "Cannabis plants can be classified as chemotype I, II or III depending on the concentration of the two cannabinoids," he explained.


																																						
    
     




																																			Non-invasive method

The techniques currently used to analyze cannabis plants are very accurate, but they are much slower processes. "The samples require pre-treatment: they are dried, extracted and then analyzed using analytical techniques such as chromatography. In this work we have shown that the hyperspectral camera allows us to differentiate between plant chemotypes using a much simpler system," said San Nicolas.

The researcher explained that hyperspectral imaging is characterized by the fact that "this type of photo has three dimensions. In other words, it has the two dimensions of normal photos, distributed in pixels, but each pixel has a full spectrum instead of a single color. That way a three-dimensional data cube is obtained. A full near-infrared spectrum corresponds to each pixel and allows us to make a non-invasive analysis of the plants."

Implementing this technology at the production site itself would "automatically and rapidly ensure the traceability or quality control of the chemotype," said San Nicolas.

And, although the researchers believe that more studies still need to be done, this work could be the starting point to begin using techniques of this type in cannabis production. However, "for this to happen, cannabis-related regulation would have to be established and progress would have to be made in this industrial sector."



																																																					
																				
																						More information:
												M. San Nicolas et al, NIR-hyperspectral imaging and machine learning for non-invasive chemotype classification in Cannabis sativa L, Computers and Electronics in Agriculture (2023). DOI: 10.1016/j.compag.2023.108551
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Researchers at the Texas A&M School of Veterinary Medicine & Biomedical Sciences (VMBS) collaborated with Australian geneticists to determine whether the country's population of Timor ponies are genetically diverse enough to support a designated breeding program.



										      
         
        
        
        

      

																																	Timor ponies, which were brought to Australia from nearby Indonesia's Timor Island in the 1800s, are well-suited to the climate of Australia, making them valuable both as recreational and working animals. However, the number of Timor ponies has decreased over the years due to changes in culture, technology and local agricultural needs.

Today, the Australian government is interested in restoring the country's population of Timor ponies because of their climate adaptation, which may become more important as global warming continues.

VMBS researchers were able to provide baseline DNA samples and data analysis to assist with starting the breeding program.

"Together with our partners at the University of Sydney, we found that the population does have enough genetic diversity for there to be a breeding program," said Dr. Gus Cothran, a professor emeritus in the VMBS Department of Veterinary Integrative Biosciences. "However, we also recommend supplementing the program with Timor ponies from beyond Australia and other species to ensure viability."

The importance of genetic diversity

Genetic diversity refers to the variety of inheritable traits within a population. Having a wide range of traits available enables species to adapt to environmental changes; it also helps them avoid inbreeding.

"Without enough genetic diversity, it can be impossible to fully restore a population," Cothran explained. "When a population gets smaller, its members become increasingly related to each other and inbreeding is inevitable, which causes problems for their offspring. In addition to losing the ability to adapt to changes, genetic defects--such as loss of fertility or physical defects like 'club foot'--become more common as inbreeding increases."


																																						
    
     




																																			Because horses aren't as integral to society as they were in the 1800s, the number of Timor ponies in Australia has decreased, leaving scientists wondering whether there were enough of them to restore the population.

"In Australia, there's the additional problem of isolation," Cothran said. "Since the continent is surrounded by ocean, new genetic material from migrating herds isn't going to wander in. Thankfully, Timor ponies have not yet reached the point where their numbers can't be restored."

Timor ponies are thought to have been developed from the intermixing of native island horses of Southeast Asian origin with Portuguese breeds of horses that were brought to Timor Island--which used to be a Portuguese colony--and from there to Australia.

Because they are used to living in tropical environments, they thrive in Australia, which led to their popularity as work and pack animals. Scientists also have suspected for a long time that Timor ponies helped contribute genetic material to the Waler, a culturally significant horse breed developed in Australia.

"I had done previous genetic research on the Waler to see whether Timor ponies were significant contributors to the breed," Cothran said. "The results of our study were negative, but a well-loved Australian breeder named Richard Crispin sent me a number of samples of both Waler and Timor, and those samples eventually became the basis of our research for the Timor pony breeding program. We're very grateful to him for his contribution to the project."

With the new hope provided by Cothran's work, Australian conservationists are looking forward to restoring the population of Timor ponies, which may play a key role in the country's adaptation to a future impacted by climate change.
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Most of Europe's natural ecosystems have been lost over the centuries. However, a sizeable amount of natural old forest still exists, especially in the north. These "old-growth" forests are exceptionally valuable as they tend to host more species, store more carbon, and are more resilient to environmental change.




										      
         
        
        
        

      

																																	
Many of these forests are found in Sweden, part of the belt of boreal forests that circle the world through Canada, Scandinavia and Russia. But after researching these last relics of natural forest we have found they are being cleared rapidly--at a rate faster even than the Amazon rainforest.

There is no direct monitoring of these forests, no thorough environmental impact assessments and most of the public don't seem to be aware this is even happening. Other evidence suggests something similar is happening right across the world's boreal forests.

It can be tricky to know exactly how much old-growth forest there is, since the distinction might not always be clear. However, there is a clear difference between forests that have been "clear-cut" (entirely chopped down) sometime in the past and those that never have.

Clear-cutting started appearing in Sweden in the early 1900s and has been the dominant type of forestry in the country since the 1950s. The uncut forests that predate this time have therefore most likely not been clear-cut and since they are old they can be classified as old-growth forests.

In our study, we looked specifically at forests in unprotected areas where the trees predated 1880 on average. That's long before the large-scale adoption of clear-cutting in Sweden and means those forests have likely never been clear-cut.

These unprotected old-growth forests constitute around 8% of the productive forest land in Sweden, that is, the area that is generally favorable for forestry (omitting forests close to the Scandinavian mountain range tree line). This amounts to about 1.8 million hectares of old-growth forest, more than the total wooded area in many European countries.

This area of unprotected old-growth forest, with the remaining protected old-growth and primary forests, constitutes a large share of the last known ecosystems of "high naturalness" in the EU.


																																						
    
     




																																			What is happening to these old-growth forests?

Between 2003 and 2019, 20% of all the clear-cut forest in Sweden was old-growth. This means a sizeable share of forest products, such as timber, paper and bioenergy, comes from old trees. The losses to unprotected old-growth forests amount to 1.4% per year, which means they will be lost completely by the 2070s if the trend continues.

To put this in perspective, Sweden's old-growth forests have been cleared six to seven times faster than the Brazilian Amazon forest between 2008 and 2023. (Of course, given the size of the Amazon, the total amount of cleared forest is much larger there).

While our study, shockingly enough, appears to be the only of its kind across the boreal region, there is some research showing that old-growth forests are also harvested in Canada. Additional anecdotal evidence further suggests the unchecked loss of old-growth forests to forestry operations in other boreal regions .

What's next?

The European Commission has drafted guidelines for all countries to map and protect all remaining old-growth and primary forests. This would be a good start.

But ultimately, we'll need a coordinated system to map and monitor the entire boreal forest simply to learn the rate at which it is being lost. This would also help us understand the implications for carbon storage, for other plants and animals that live in these forests, and the humans that use them.

Unfortunately, this is a large and difficult task. Yet this might be one of our last chances to protect and recover large areas of natural forests. Logging old-growth forests now will delay their recovery for centuries.



																																																					
																					
																					
                              																					 
												  

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