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


      
        Novel peptide formulation shows promise of restoring cognitive decline in schizophrenia
        Schizophrenia is a complicated mental health disorder accompanied by a wide range of symptoms such as hallucinations, impaired cognitive ability, and disorganized speech or behavior. It has been associated with anomalies in neurotransmission due to the imbalance of chemical neurotransmitters.

      

      
        Fundamental spatial limits of all-optical magnetization switching
        Magnetization can be switched with a single laser pulse. However, it is not known whether the underlying microscopic process is scalable to the nanometer length scale, a prerequisite for making this technology competitive for future data storage applications.

      

      
        Researchers find intriguing new tool for tendon healing: Nanoparticles for precision drug delivery
        Harnessing nanoparticles to deliver drugs precisely to a surgically repaired tendon is a promising new approach that reduced scar tissue formation and improved mechanical function. Researchers' success in pinpointing a drug therapy inside the body, at the cellular level, proved to be a highly efficient delivery method that could be used to treat other injuries. Their study is published in Science Advances.

      

      
        New method visualizes ligands on gold nanoparticles in liquid
        The University of Antwerp and CIC biomaGUNE have come up with a promising method for understanding the role of surface molecules in the formation of nanoparticles. The groundbreaking research, published in Nature Chemistry, provides an advanced characterization tool for the design of nanomaterials.

      

      
        New strategy to obtain carbon nanotube fibers with higher dynamic strength
        In a study published in Science on June 21, Prof. Jian Muqiang from Peking University and the Beijing Graphene Institute and others developed a strategy to fabricate carbon nanotube fibers with the dynamic strength up to 14 GPa.

      

      
        Scientists develop the next generation of highly efficient memory materials with atom-level control
        Like the flutter of a butterfly's wings, sometimes small and minute changes can lead to big and unexpected results and changes in our lives. A team of researchers at Pohang University of Science and Technology (POSTECH) has made a very small change to develop a material called "spin-orbit torque (SOT)," which is a hot topic in next-generation DRAM memory.

      

      
        Microrobot-packed pill shows promise for treating inflammatory bowel disease in mice
        Engineers at the University of California San Diego have developed a pill that releases microscopic robots, or microrobots, into the colon to treat inflammatory bowel disease (IBD). The experimental treatment, given orally, has shown success in mice. It significantly reduced IBD symptoms and promoted the healing of damaged colon tissue without causing toxic side effects.
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Novel peptide formulation shows promise of restoring cognitive decline in schizophrenia
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                Nanoparticle-based drug delivery systems (DDS) containing peptides offer an innovative approach to effectively treat schizophrenia. Such DDSs hold significant potential to revolutionize therapeutic strategies against diseases that affect the central nervous system. Credit: Eijiro Miyako from JAIST.
            
        

    


Schizophrenia is a complicated mental health disorder accompanied by a wide range of symptoms such as hallucinations, impaired cognitive ability, and disorganized speech or behavior. It has been associated with anomalies in neurotransmission due to the imbalance of chemical neurotransmitters.



										      
																																	Current treatment strategies against schizophrenia involve the administration of antipsychotic drugs, which can cause adverse effects and are associated with a high risk of cardiovascular disease. Moreover, in patients, response to therapeutic drugs is often inadequate as the blood-brain barrier (BBB), a protective barrier of cells, strictly regulates the movement of ions and molecules into the brain.

To overcome the hurdle of BBB and facilitate the transport of therapeutic drugs into brain tissue to treat schizophrenia, researchers have explored the applicability of receptor-mediated transcytosis (RMT) using low-density lipoprotein receptor-related protein 1 (LRP1).

This research was conducted by a team led by Associate Professor Eijiro Miyako from Japan Advanced Institute of Science and Technology (JAIST), including Prof. Yukio Ago from Hiroshima University, Prof. Shinsaku Nakagawa from Osaka University, Prof. Takatsugu Hirokawa from Tsukuba University, and Dr. Kotaro Sakamoto, Senior Principal Scientist at Ichimaru Pharcos Co., Ltd. Their study was published in the JACS Au journal.


																																						
    
     




																																			The researchers were inspired by previous findings showing the interactions of vasoactive intestinal peptide receptor 2 (VIPR2) gene duplication in schizophrenia and their own discovery of a novel peptide, KS-133. The novel peptide, KS-133, has selective antagonist activity with VIPR2, leading to its downregulation. However, the major limitation associated with KS-133 was its poor permeability across BBB.

To facilitate the effective transport of KS-133 into the brain, they developed a brain-targeting peptide, KS-487, that could specifically bind to LRP1 and influence RMT. Finally, the researchers developed a novel nanoparticle-based drug delivery system (DDS) where KS-133 peptide was encapsulated with KS-487 targeting peptide and studied its efficacy in treating schizophrenia.

The administration of peptide formulations via the DDS resulted in the effective distribution of the drug in the brains of mice. Drug release profiles assessed by pharmacokinetic analysis confirmed the role of the brain-targeting peptide in transporting KS-133 into the brain. Furthermore, the efficacy of DDS was evaluated in mice with induced schizophrenia by elevated activation of VIPR2. Mice treated with KS-133/KS-487 nanoparticles showed significant improvement in cognitive functions during novel object recognition tests, which could be attributed to the inhibition of VIPR2.

Explaining the real-life applications and potential of their study, Dr. Miyako states, "Existing drugs only have mechanisms involving neurotransmitter modulation, and their therapeutic effects are limited, especially for cognitive dysfunction. Thus, our peptide formulation could be used as a novel drug to restore cognitive dysfunction in schizophrenia."

In summary, this study by Dr. Miyako and co-researchers provides preclinical evidence of a novel therapeutic strategy for targeting VIPR2 that could improve cognitive impairment in schizophrenia.

"Going ahead, we will extend our study to involve cells and animal models, as well as human clinical trials, to confirm the efficacy and safety of this peptide formulation and promote its development as a new treatment for schizophrenia within 5 years," concludes Dr. Miyako, optimistic about the long-term implications of their study.

The researchers are hopeful that the discovery and development of novel DDS utilizing bio-compatible peptides revolutionizes the treatment landscape of schizophrenia.


																																																					
																				
																						More information:
												Kotaro Sakamoto et al, Cyclic Peptides KS-133 and KS-487 Multifunctionalized Nanoparticles Enable Efficient Brain Targeting for Treating Schizophrenia, JACS Au (2024). DOI: 10.1021/jacsau.4c00311
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Fundamental spatial limits of all-optical magnetization switching

										 by 										 Max Born Institute for Nonlinear Optics and Short Pulse Spectroscopy (MBI)									

									
										

    
        
            [image: Fundamental spatial limits of all-optical magnetization switching]
             
                Two X-ray laser pulses interfere on the surface of a ferrimagnetic GdFe alloy, leading to a lateral modulation of the electron temperatures, a reduction of the local magnetization and all-optical switching of the magnetization. In this fashion, data bits to be stored can be written by purely optical means. On the right hand side, the period of grating and hence the size of a bit is reduced to below 25 nm. As a result, the temperature profile is washed out before the magnetization is sufficiently reduced and all-optical switching breaks down. Credit: Moritz Eisebitt
            
        

    


Magnetization can be switched with a single laser pulse. However, it is not known whether the underlying microscopic process is scalable to the nanometer length scale, a prerequisite for making this technology competitive for future data storage applications.



										      
																																	Researchers at the Max Born Institute in Berlin, Germany, in collaboration with colleagues at the Instituto de Ciencia de Materiales in Madrid, Spain, and the free-electron laser facility FERMI in Trieste, Italy, have determined a fundamental spatial limit for light-driven magnetization reversal. The paper is published in the journal Nano Letters.

Modern magnetic hard drives can store more than one terabit of data per square inch, which means that the smallest unit of information can be encoded on an area smaller than 25 nanometers by 25 nanometers. In laser-based, all-optical switching (AOS), magnetically encoded bits are switched between their "0" and "1" state with a single ultrashort laser pulse. To realize the full potential of AOS, particularly in terms of faster write/erase cycles and improved power efficiency, whether a magnetic bit can still be all-optically reversed if its size is on the nanometer-scale needs to be understood.

For AOS to take place, the magnetic material has to be heated up to very high temperatures in order for its magnetization to be reduced close to zero. Only then, its magnetization can be reversed. The twist in AOS is that in order to mediate magnetic switching, it is sufficient to heat only the electrons of the material while leaving the lattice of atomic nuclei cold. This is exactly what an optical laser pulse does: it interacts only with the electrons, allowing to reach much higher electron temperatures with very low power levels.


																																						
    
     




																																			However, since hot electrons cool very rapidly by scattering with the cold atomic nuclei, the magnetization must be reduced sufficiently fast within this characteristic time scale, i.e. AOS relies on a careful balance between the evolution of the electron temperature and the loss of magnetization. It is easy to see that this balance is changed when the optical excitation is confined to the nanoscale: now electrons can not only lose energy by "giving atomic nuclei a kick," but they can also simply leave the nanometer-small hot regions by diffusing away.

As they only have to traverse a nanometer-small distance in order to do so, this processes also happens on ultrafast time scale, such that the electrons may cool too quickly, the magnetization is not sufficiently decreased, and AOS breaks down.

An international team of researchers has for the first time successfully addressed the question of "how small does AOS work" by combining experiments with soft X-rays with atomistic spin dynamics calculations. They produced an extremely short-lived pattern of dark and bright stripes of laser light at the sample surface of the prototypical magnetic material GdFe, by interference of two soft X-ray laser pulses with a wavelength of 8.3 nm.

This allowed reducing the distance between dark and bright areas to only 8.7 nm. This illumination is only present for about 40 femtoseconds, leading to a lateral modulation of hot and cold electron temperatures in the GdFe with a corresponding localized loss of magnetization.


																																			The scientists could then follow how this pattern evolves on the very short time scales which are of relevance. Towards this end, a third soft X-ray pulse with the same wavelength of 8.3 nm was diffracted off the transient magnetization pattern at different time delays from the patter-generating pulses.

At this particular wavelength, an electronic resonance at the gadolinium atoms allows the soft X-ray pulse to "feel" the presence of magnetization and thus the change of the magnetization can be detected with femtosecond temporal and sub-nanometer spatial resolution. Combining the experimental results with state-of-the-art simulations, the researchers could determine the ultrafast energy transport on the nanometer scale.

It turns out that the minimum size for AOS in GdFe alloys, induced by a nanoscale periodic excitation, is around 25 nm. This limit is due to ultrafast lateral electron diffusion, which rapidly cools the illuminated regions on these tiny length scales and ultimately prevents AOS.

The faster cooling due to electron diffusion can be compensated to some extent by increasing the excitation power, but this approach is ultimately limited by the structural damage caused by the intense laser beam. The researchers expect that the 25 nm boundary is rather universal for all metallic magnetic materials.


																																																					
																				
																						More information:
												Felix Steinbach et al, Exploring the Fundamental Spatial Limits of Magnetic All-Optical Switching, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c00129
																						
																						

																					

                               											
																					
												
													Provided by
																											Max Born Institute for Nonlinear Optics and Short Pulse Spectroscopy (MBI)
																									

											

                              										                                        
										
										
											 
												Citation:
												Fundamental spatial limits of all-optical magnetization switching (2024, June 27)
												retrieved 27 June 2024
												from https://phys.org/news/2024-06-fundamental-spatial-limits-optical-magnetization.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-06-fundamental-spatial-limits-optical-magnetization.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Researchers find intriguing new tool for tendon healing: Nanoparticles for precision drug delivery]
             
                Use of a TBP-functionalized NP delivery system to target injured tendon. (A) Schematic representation of treatment timeline for targeting studies at 3 days postinjury. (B and C) Representative live-animal imaging and graphs shows biodistribution of NPs after day 3 treatment. (D) Schematic representation of treatment timeline for targeting studies at 7 days (E and F) Representative live-animal imaging and graphs shows biodistribution of NPs after day 7 treatment. (G) Schematic representation of treatment timeline for targeting studies at 14 days (H and I) Representative live-animal imaging and graphs shows biodistribution of NPs after day 14 treatment. Credit: Science Advances (2024). DOI: 10.1126/sciadv.adn2332
            
        

    


Harnessing nanoparticles to deliver drugs precisely to a surgically repaired tendon is a promising new approach that reduced scar tissue formation and improved mechanical function. Researchers' success in pinpointing a drug therapy inside the body, at the cellular level, proved to be a highly efficient delivery method that could be used to treat other injuries. Their study is published in Science Advances.



										      
																																	Whether it's a season-ending Achilles rupture by pro footballer Aaron Rodgers or an everyday workplace accident, tendon injuries are common and can be life-changing. They require 300,000 surgeries per year and often result in lost work time and permanent impaired physical function.

Typically, traumatic tendon injuries are surgically repaired with sutures, but optimal healing is often impaired by the tendon's propensity to heal with scar tissue that restricts tendon movement and function.

Researchers at the University of Rochester and University of Oregon combined their expertise in tendon cell biology and drug delivery systems to find a better way to deliver therapies that can reduce scar tissue and facilitate improved healing.

"There are very few effective drug regimens to assist the tendon healing process, despite the high number of these injuries and the poor outcomes that often result," said Alayna Loiselle, Ph.D., associate professor at the University of Rochester's Center for Musculoskeletal Research.

"Systemic drug treatments delivered orally or via injection show poor tendon homing; in some cases, less than 1% of a systemically delivered medication reaches the healing tendon. Local administration of drugs directly to the tendon has disadvantages as well, including potential tissue damage from the injection and poor control over drug concentrations at the point of injury."

"We want to pivot from using suturing alone to incorporating therapeutics," said Emmanuela Adjei-Sowah, a Biomedical Engineering Ph.D. student at the University of Rochester, who has spent the past several years working with co-authors Loiselle, Danielle S.W. Benoit, Ph.D., and others to develop the nanoparticle delivery system to improve healing in tendon injuries. "Advances in multiomics and drug delivery using nanoparticles open up new possibilities in treatment."

The challenge for researchers was to identify which substances could assist tendon healing.


																																						
    
     




																																			Molecular 'map' of healing process charts a new therapeutic path

"The fundamental cellular and molecular mechanisms that drive scar-mediated tendon healing are really only just beginning to be well-defined," Loiselle said. "Our prior work used spatial transcriptomic profiling to define a molecular map of the healing tendon. In subsequent analysis of this data, we found that the area right at the injury site had high levels of Acp5 gene expression, which was both surprising and exciting."

The Acp5 gene produces a protein called Tartrate Resistant Acid Phosphatase (TRAP); both are known to occur as injured bones recover and rebuild. High TRAP activity within the healing tendon allowed researchers to employ a peptide that binds with TRAP to deliver medication directly to the healing tendon site.

"While Benoit's lab has previously used TRAP-binding peptide nanoparticles (TBP-NP) for targeted drug delivery to bone, high TRAP activity in the healing tendon opened up an entirely new research direction," Loiselle said.

Prior to initiating studies with therapeutic agents, the team completed a series of dose and timing studies, using a mouse model of complete transection and surgical repair of the flexor tendon, to define the window in which their drug delivery system could most effectively target the healing tendon.


																																			"Defining an optimal treatment window is critical to successfully developing an innovative and effective drug delivery system that improves tendon healing by encouraging a more regenerative, rather than fibrotic, healing cascade," said Benoit, the Lorry Lokey Department Chair and Professor in the Department of Bioengineering at the University of Oregon.

"In addition, by defining the optimal therapeutic window for this drug delivery system, we can mitigate the unwanted side effects that typically accompany the high doses or multiple doses required to achieve sufficient drug accumulation in the tissue."

As a therapeutic, the team chose Niclosamide, which inhibits S100a4, a protein that Loiselle's lab already identified as contributing to scar formation. Previous work from Loiselle's lab demonstrated that genetic knockdown of S100a4 improved mechanical and functional outcomes in this mouse tendon healing model.

S100a4 has been implicated in scar formation in many tissues, including the liver, heart, lung, and oral submucosa; Loiselle's discovery that it complicates tendon healing gave them a therapeutic target for this study, where they used their TRAP-binding peptide nanoparticle drug delivery system to precisely affect the injured tendon.

As a comparison, they delivered Niclosamide systemically; it did slightly reduce the amount of S100a4 in the healing tendon but it had no beneficial impact on the healing process. In contrast, delivery of the same dose of Niclosamide using the nanoparticle system resulted in robust inhibition of S100a4 mRNA and protein levels in the healing tendon.

This targeted drug delivery method also significantly benefited the tendon healing process. TBP-NP delivery of Niclosamide improved both functional range of motion recovery and increased the mechanical integrity of the healing tendon across both short- and longer-term timepoints. Importantly, these sustained effects occurred with just a single treatment.

Researchers will continue their work to define how broadly the system can be used for other tendon injuries and disease, as well as other types of tissue injury that result in scar formation.

"The beauty of this system is that it can be loaded with different kinds of drugs to target different molecular processes or pathways," said Adjei-Sowah.


																																																					
																				
																						More information:
												Emmanuela Adjei-Sowah et al, Development of a nanoparticle-based tendon-targeting drug delivery system to pharmacologically modulate tendon healing, Science Advances (2024). DOI: 10.1126/sciadv.adn2332
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                Comparison of TEM investigation of gold NRs capped with CTAB ligands in dried state on a graphene grid and in a liquid environment. Credit: Nature Chemistry (2024). DOI: 10.1038/s41557-024-01574-1
            
        

    


The University of Antwerp and CIC biomaGUNE have come up with a promising method for understanding the role of surface molecules in the formation of nanoparticles. The groundbreaking research, published in Nature Chemistry, provides an advanced characterization tool for the design of nanomaterials.



										      
																																	Gold nanoparticles have been the subject of intense research for several decades due to their interesting applications in fields such as catalysis and medicine. "Surface ligands" are organic molecules typically present on the surface of gold nanoparticles. During synthesis, these surface ligands play an important role in controlling the size and shape of the nanoparticles.

For several decades, the CIC biomaGUNE team led by Ikerbasque Research Professor Luis Liz-Marzan has studied in detail the growth mechanisms and properties of these nanoparticles.

Despite numerous advances that have recognized the importance of surface ligands, many questions remain about their exact behavior during and after growth. Direct observation of surface ligands and their interface with gold nanoparticles has therefore been a long-standing goal for many scientists in this field.

Direct visualization of ligands on gold nanoparticles in a liquid environment

Transmission Electron Microscopy (TEM) is the technique most widely used to investigate nanoparticles. However, the study of surface ligands by means of TEM presents significant challenges; the reason is that the ligands are sensitive to the electron beam, their contrast is limited and their structure in vacuum differs from their native state in solution.


																																						
    
     




																																			To overcome all these difficulties, the collaboration between Liz-Marzan's team at CIC biomaGUNE and the team led by Professor Sara Bals of the University of Antwerp (Belgium) has enabled a new method to be developed to characterize surface ligands by means of TEM in a liquid environment.

The team encapsulated gold nanorods surrounded by ligands routinely used in synthesis between two sheets of graphene, thus creating a small liquid cell. This setup allowed them to take advantage of the exceptional properties of graphene as a sample support for TEM.

Graphene not only enhances TEM imaging, it also reduces electron beam damage due to its excellent thermal and electrical properties. That way, the research team was able to visualize the ligand shell and determine its composition.

The results of the study have provided fresh insights into the structure of the surface layer formed by the ligands. In particular, the real-time observation of a micelle (a small cluster of ligands) moving and colliding with an adjacent gold nanorod challenges the model of a possible static and uniform ligand layer.

The method proposed in the study opens up multiple opportunities to understand the role of surface molecules in the formation of more complex nanoparticles, such as chiral nanoparticles, whose growth mechanism remains largely unexplored (chiral particles can preferentially absorb light from a given polarization, with respect to the nanoparticle of opposite chirality).

In addition, this method shows promise for studying the so-called "protein corona" that forms around nanoparticles dispersed in biofluids, which will be crucial in designing new diagnostic and therapeutic strategies for the treatment of diseases.

This research not only advances the understanding of the interactions between gold nanoparticles and ligands, but also provides an advanced characterization tool for the design of nanomaterials and their applications in various fields of nanotechnology, such as nanomedicine, catalysis or sensing.


																																																					
																				
																						More information:
												Adrian Pedrazo-Tardajos et al, Direct visualization of ligands on gold nanoparticles in a liquid environment, Nature Chemistry (2024). DOI: 10.1038/s41557-024-01574-1
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New strategy to obtain carbon nanotube fibers with higher dynamic strength
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                Schematic diagram for fabricating highly packed and aligned fibers. (A) Schematic diagram of functionalization and purification of pristine carbon nanotube fibers (CNTFs). (B) Schematic diagram of the progressive stretching and densification treatment for the highly packed and aligned fibers. Credit: Science (2024). DOI: 10.1126/science.adj1082
            
        

    


In a study published in Science on June 21, Prof. Jian Muqiang from Peking University and the Beijing Graphene Institute and others developed a strategy to fabricate carbon nanotube fibers with the dynamic strength up to 14 GPa.



										      
																																	Lightweight and high strength are perpetual pursuits for fiber materials. In response to the application requirements of fibers in high strain rate scenarios such as battlefield protection and space debris capture, it is of significant importance to develop fiber materials with ultra-high dynamic strength and high energy absorption capability.

Carbon nanotubes, with their excellent properties of being lightweight, strong, high modulus, highly electrical and thermally conductive, are considered one of the ideal building blocks for the next generation of high-performance fibers, promising to meet the needs of high strain rate applications.

However, due to issues related to fiber assembly structure, the tensile strength of carbon nanotube fibers remains less than 10 GPa, far below their ideal strength, indicating substantial room for improvement.

Researchers including Prof. Wu Xianqian from the Institute of Mechanics of the Chinese Academy of Sciences (CAS), Assoc. Prof. Gao Enlai from Wuhan University, Prof. Zhang Yongyi from the Suzhou Institute of Nano-Tech and Nano-Bionics of CAS, and others, therefore proposed an innovative multi-scale structural optimization strategy.

Firstly, the carbon nanotube fibers produced by floating catalyst chemical vapor deposition were purified and functionalized. Then, the fibers were subjected to progressive stretching in a chlorosulfonic acid (CSA) solution containing poly(p-phenylene-2,6-benzobisoxazole) (PBO), followed by mechanical densification. This strategy leads to improvements in interfacial interactions, nanotube alignment, and densification within the fibers, achieving a breakthrough in both quasi-static and dynamic strength.


																																						
    
     




																																			The cross-scale ordered assembly of carbon nanotubes endows the fibers with excellent mechanical properties. The quasi-static strength of the carbon nanotube fibers reaches 8.2 GPa, and the traditional ballistic performance evaluation index, Cunniff velocity, exceeds 1100 m/s. In addition, the fibers exhibit good electrical conductivity.

To disclose the impact protection performance of the carbon nanotube fibers, a mini-split Hopkinson tension bar was employed to study the mechanical behavior of the fibers under high strain rate loading. The results indicated that as the tensile rate increased, the fibers experienced a transition from ductile to brittle failure behavior, rendering the fibers significant strain-rate-strengthening effects. When the strain rate was approximately 1,400 s-1, the dynamic strength of the fibers reached 14 GPa, surpassing all other high-performance fibers.

To investigate the dynamic response of the fibers, a laser-induced high-velocity transverse-impact testing was built under simulated ballistic impact loading. The results showed that the specific energy dissipation power of the fibers reached (8.7 +- 1.0) x 1013 m kg-1 s-1, far exceeding that of traditional ballistic fibers such as Kevlar.

These findings indicated that carbon nanotube fibers have great potential for application in impact protective engineering.

The synergistic enhancement of interfacial interactions, nanotube alignment, and densification of carbon nanotube fibers is crucial for their excellent mechanical properties. In-situ Raman testing and molecular dynamics simulations indicated that strong interactions between PBO and carbon nanotubes enhance intertube interactions and stress transfer.


																																			Coarse-grained simulation results suggested that during progressive stretching, the addition of PBO reduces fiber porosity, increases density, and decreases stress concentration.

Under high-speed loading conditions, a higher proportion of carbon nanotubes in the fibers break, and the fiber fracture mode transitions from intertube sliding to more synchronous carbon nanotube fractures, thereby endowing the fibers with superior dynamic mechanical properties.

Carbon nanotube fibers, characterized by their extremely high dynamic strength, hold potential for applications in aerospace and impact protection. This study provides a feasible route to harness the intrinsic strength of individual carbon nanotube at the macroscale to fabricate impact-resistant fibrous materials.


																																																					
																				
																						More information:
												Xinshi Zhang et al, Carbon nanotube fibers with dynamic strength up to 14 GPa, Science (2024). DOI: 10.1126/science.adj1082
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Scientists develop the next generation of highly efficient memory materials with atom-level control
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                Atomic structure of asymmetric SrRuO3 thin films and spin-orbit torque magnetization switching results controlled at the atomic layer level. Credit: POSTECH
            
        

    


Like the flutter of a butterfly's wings, sometimes small and minute changes can lead to big and unexpected results and changes in our lives. A team of researchers at Pohang University of Science and Technology (POSTECH) has made a very small change to develop a material called "spin-orbit torque (SOT)," which is a hot topic in next-generation DRAM memory.



										      
																																	This research team, led by Professor Daesu Lee and Yongjoo Jo, a Ph.D. candidate, from the Department of Physics and Professor Si-Young Choi from the Department of Materials Science and Engineering at POSTECH, achieved highly efficient field-free SOT magnetization switching through atom-level control of composite oxides. Their findings were published in Nano Letters.

SOT arises from the interaction between the spin (magnetic property) and motion (electrical property) of electrons. This phenomenon controls the magnetic state through the movement of spin when current flows. By utilizing magnetic information instead of electrical information, memory power consumption is reduced, making it advantageous for non-volatile memory which retains information even when powered off.

Researchers have been actively exploring various materials including semiconductors and metals for these applications. Particularly, there is significant interest in discovering materials that exhibit both magnetism and the "spin-Hall effect."

The study of efficient magnetization switching via SOTs has garnered much attention. However, a challenge remains: opposite spin currents generated within a single layer tend to cancel each other out.


																																						
    
     




																																			In this study, Professors Daesu Lee and Si-Young Choi from POSTECH addressed the problem by systematically modifying the material's seemingly insignificant structure. Strontium ruthenate (SrRuO3), a complex oxide known for exhibiting both magnetism and spin-Hall effects, has been widely used in SOT research.

The team synthesized SrRuO3 with asymmetric spin-Hall effects on the top and bottom surface layers by minutely adjusting the atomic lattice structure of these layers. By creating an imbalance in the spin-Hall effect with a strategically designed asymmetric surface structure, they were able to control the magnetization in a specific direction.

Building on this approach, the team successfully achieved efficient magnetization switching without the need for a magnetic field. By incorporating SOT into a device based on SrRuO3, they could reorient the magnetic domain using only an electric current to write and read data.

The resulting memory device demonstrated the highest efficiency (2 to 130 times greater) and lowest power consumption (2 to 30 times lower) compared to any known single-layer, field-free system to date. This magnetization switching was accomplished without a magnetic field while preserving the conventional properties of SrRuO3 used in previous studies.

Professor Daesu Lee of POSTECH says, "The asymmetric SrRuO3 synthesized by the team is a crucial platform for studying the interaction between ferromagnetism and the spin-Hall effect." He added, "We look forward to further research to uncover new SOT mechanisms and develop highly efficient, room-temperature, single-phase SOT materials."


																																																					
																				
																						More information:
												Yongjoo Jo et al, Field-Free Spin-Orbit Torque Magnetization Switching in a Single-Phase Ferromagnetic and Spin Hall Oxide, Nano Letters (2024). DOI: 10.1021/acs.nanolett.4c01788
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Microrobot-packed pill shows promise for treating inflammatory bowel disease in mice

										

    
        
            [image: Microrobot-packed pill shows promise for treating inflammatory bowel disease in mice]
             
                Schematic of algae-MPhNP-robot capsule in the GI tract. The capsules protect the algae-MPhNP-robot in the stomach from exposure to the extreme acid environment and release the algae-MPhNP-robot in the colonic area.  Credit: Zhengxing Li
            
        

    


Engineers at the University of California San Diego have developed a pill that releases microscopic robots, or microrobots, into the colon to treat inflammatory bowel disease (IBD). The experimental treatment, given orally, has shown success in mice. It significantly reduced IBD symptoms and promoted the healing of damaged colon tissue without causing toxic side effects.



										      
																																	The study was published June 26 in Science Robotics.

IBD, an autoimmune disorder characterized by chronic inflammation of the gut, affects millions of people worldwide, causing severe abdominal pain, rectal bleeding, diarrhea and weight loss.

It occurs when immune cells known as macrophages become overly activated, producing excessive levels of inflammation-causing proteins called pro-inflammatory cytokines. These cytokines, in turn, bind to receptors on macrophages, triggering them to produce more cytokines, and thereby perpetuating a cycle of inflammation that leads to the debilitating symptoms of IBD.

Now, researchers have developed a treatment that successfully keeps these cytokine levels in check. A team led by Liangfang Zhang and Joseph Wang, both professors in the Aiiso Yufeng Li Family Department of Chemical and Nano Engineering at UC San Diego, engineered microrobots composed of inflammation-fighting nanoparticles chemically attached to green algae cells.

The nanoparticles absorb and neutralize pro-inflammatory cytokines in the gut. Meanwhile, the green algae use their natural swimming abilities to efficiently distribute the nanoparticles throughout the colon, accelerating cytokine removal to help heal inflamed tissue.



    
        
            [image: Microrobot-packed pill shows promise for treating inflammatory bowel disease in mice]
             
                Representative SEM images of the algae-MPhNP-robot. Scale bar, 5 mm. (B) Zoomed-in SEM image from (A) showing the MPhNPs attaching to the green algae surface. Scale bar, 1 mm. (C) Bright-field and fluorescent images of the algae MPhNP-robot. (i) Autofluorescence of algae chloroplast in the Cy5 channel; (ii) DiO-labeled PLGA core in the GFP channel; (iii) DiI-labeled MPh membrane in the RFP channel; (iv) merged image from all three fluorescence channels; (v) bright-field image of the algae-MPhNP-robot; and (vi) merged image from all channels. Credit: Zhengxing Li
            
        

    



What makes these nanoparticles so effective is their biomimetic design. They are made of biodegradable polymer nanoparticles coated with macrophage cell membranes, allowing them to act as macrophage decoys. These decoys naturally bind pro-inflammatory cytokines without being triggered to produce more, thus breaking the inflammatory cycle.


																																						
    
     




																																			"The beauty of this approach is that it's drug-free--we just leverage the natural cell membrane to absorb and neutralize pro-inflammatory cytokines," said Zhang.

The researchers have ensured that their biohybrid microrobots meet rigorous safety standards. The nanoparticles are made of biocompatible materials, and the green algae cells used in this study are recognized as safe for consumption by the U.S. Food and Drug Administration.

The microrobots are packed inside a liquid capsule with a pH-responsive coating. This coating remains intact in the acidic environment of the stomach acid, but dissolves upon reaching the neutral pH of the colon. This ensures that the microrobots are selectively released where they are needed most.

"We can direct the microrobots to the diseased location without affecting other organs," said Wang. "In this way, we can minimize toxicity." The capsule keeps the functionalized algae in the liquid phase until their release.

The capsule was administered orally to mice afflicted with IBD. The treatment reduced fecal bleeding, improved stool consistency, reversed IBD-induced weight loss and reduced inflammation in the colon, all without apparent side effects.

The research team is now focusing on translating their microrobot treatment into clinical studies.


																																																					
																				
																						More information:
												Zhengxing Li et al, Biohybrid microrobots regulate colonic cytokine and epithelium barrier in inflammatory bowel disease, Science Robotics (2024). DOI: 10.1126/scirobotics.adl2007. www.science.org/doi/10.1126/scirobotics.adl2007
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Magnesium-18's unique decay process: From theory to practice

										

    
        
            [image: Magnesium-18's unique decay process: From theory to practice]
             
                In contrast to classical physics, multi-particle decay is a phenomenon unique to the quantum world. Magnesium-18 exemplifies such an exotic system, positioned far from the dripline. Spitting out proton-pair one after another, unbound Magnesium-18 decays to Neon-16 and then to Oxygen-14--a chain of events that physicists liken to nesting dolls. The complete study is accessible via DOI: 10.1007/s41365-024-01479-1. Credit: Simin Wang
            
        

    


Led by physicist Si-Min Wang, the research team at Key Laboratory of Nuclear Physics and Ion-beam Application (MOE), Institute of Modern Physics, and Shanghai Research Center for Theoretical Nuclear Physics, NSFC, Fudan University, has documented that 18Mg undergoes a unique "multi-proton" decay mechanism, where it sequentially emits two-proton pairs. This process, differing from traditional radioactive decay, underscores a complex interaction of nuclear forces, diverging from long-held nuclear models.



										      
																					The phenomenon of two-proton decay, predicted in the 1960s, has transitioned from a theoretical curiosity to a measurable reality thanks to recent advances in technology. The study of this unusual behavior in 18Mg, a nuclide far from the typical line of nuclear stability, offers crucial insights into the forces at play within highly unstable nuclei loaded with protons.

Utilizing the Gamow-coupled-channel method, researchers have captured and analyzed the interactions and decay within 18Mg. This approach provides a detailed view of the nuclear structural dynamics, allowing for a more nuanced understanding of atomic behavior during decay. "Our method has significantly improved how we interpret the interaction between protons and the nucleus during the decay in extreme conditions," explains Professor Wang.

The study not only expands academic understanding but also has practical ramifications in various fields. Knowledge about the decay behavior of exotic nuclei like 18Mg could influence advancements in fundamental interactions, energy sectors, and all kinds of open quantum systems.
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                    The calculated spectra for 18Mg and 18C suggest that the ground state of 18Mg might exhibit a "democratic" decay mode. This implies a potential competition between single-proton (1p) and two-proton (2p) decay pathways during the decay process of 18Mg. The complete study is accessible via DOI: 10.1007/s41365-024-01479-1. Credit: Simin Wang
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                    Using an advanced theoretical model, the decay process of 18Mg has been elucidated. It indicates that simultaneous two-proton emission is the more probable decay mode, despite the energetic feasibility of single-proton decay. The complete study is accessible via DOI: 10.1007/s41365-024-01479-1. Credit: Simin Wang
                
            

        

    

The team is now set to explore further how the deformation of the nucleus influences decay processes. Future research aims to delve into the relationships between nucleon structures and decay mechanisms, with the potential to refine theoretical models in nuclear physics extensively.

"By converting what was once theoretical into something we can now study and quantify, this research enhances both our fundamental understanding of nuclear physics and our ability to apply this knowledge in practical ways," stated Professor Wang. "Each discovery provides not only new academic insights but also practical solutions that may benefit various technological fields in the future."

The work is published in the journal Nuclear Science and Techniques.


																														
																				
																						More information:
												Long Zhou et al, Structure and 2p decay mechanism of 18Mg, Nuclear Science and Techniques (2024). DOI: 10.1007/s41365-024-01479-1
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Researchers find magnetic excitations can be held together by repulsive interactions

										

    
        
            [image: Magnetic excitations can be held together by repulsive interactions]
             
                Characteristic quantum spin dynamics. a-c, Dynamical spin structure factor S(q,o) as a function of momentum q and frequency o for an applied magnetic field 0 [?] B = 30 T < Bc. Credit: Nature (2024). DOI: 10.1038/s41586-024-07599-3
            
        

    


A group of physicists specialized in solid-state physics from the University of Cologne and international collaborators have examined crystals made from the material BaCO2V2O8 in the Cologne laboratory.



										      
																					They discovered that the magnetic elementary excitations in the crystal are held together not only by attraction, but also by repulsive interactions. However, this results in a lower stability, making the observation of such repulsively bound states all the more surprising.

The results of the study, "Experimental observation of repulsively bound magnons," are published in Nature.

The working group of Professor Dr. Thomas Lorenz from the University of Cologne's Institute of Physics II succeeded in producing artificial crystals made from BaCO2V2O8, which contain screw chains of magnetic cobalt atoms.

Together with researchers from Augsburg, Bonn, Dortmund, Dresden, Geneva and Prince George, the BaCO2V2O8 crystals were irradiated with electromagnetic terahertz waves in order to study the collective magnetic excitations in the crystal structure in high magnetic fields.

In addition to the usual elementary magnetic low-energy excitations, the so-called magnons, the researchers also discovered two- and three-magnon bound states.

The peculiarity of these multi-magnon bound states is that they are held together not by attraction, but by repulsive interactions. "The discovery of these states is the result of the very successful collaboration of experimental and theoretical working groups within the framework of our Collaborative Research Center 1238 "Control and Dynamics of Quantum Materials," based in Cologne," said Professor Lorenz.

Since 2016, the Collaborative Research Center (CRC) 1238 "Control and Dynamics of Quantum Materials" has united a team of experts from experimental and theoretical physics as well as crystallography in Cologne, complemented by groups from the University of Bonn and Forschungszentrum Julich. The aim is to discover, understand and control new collective phenomena and new functionalities in quantum materials.


																														
																				
																						More information:
												Zhe Wang et al, Experimental observation of repulsively bound magnons, Nature (2024). DOI: 10.1038/s41586-024-07599-3
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        Why NASA astronauts are delayed at the space station after Boeing Starliner launch
        When two veteran NASA astronauts blasted off on a test drive of Boeing's new capsule, they expected to head home from the International Space Station in a week or so.

      

      
        New study reveals comet airburst evidence from 12,800 years ago
        Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.
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                This photo provided by NASA shows the Starliner spacecraft docked to the Harmony module of the International Space Station, orbiting 262 miles above Egypt's Mediterranean coast, on June 13, 2024. Credit: NASA via AP
            
        

    


When two veteran NASA astronauts blasted off on a test drive of Boeing's new capsule, they expected to head home from the International Space Station in a week or so.



										      
																																	It's now three weeks and counting for Butch Wilmore and Suni Williams as NASA and Boeing troubleshoot equipment problems that popped up on the way there.

Three potential landing dates were called off and their flight home is now on hold.

This week, Boeing said the Starliner capsule's problems aren't a concern for the return trip and "the astronauts are not stranded."

The long-delayed test flight is the first with astronauts aboard. Boeing will eventually join SpaceX in ferrying crews to and from the space station for NASA.

A look at what's behind the extended stay:

Why was the Starliner return trip postponed?

NASA wants more time to analyze problems in the spacecraft's propulsion system, which is used to maneuver in flight. The propulsion system is attached to the capsule, but it doesn't come back to Earth for inspection. It is ditched during reentry and burns up.

"We're just taking a little more extra time to review all the data and also learn as much as we can while we have this service module in orbit," Steve Stich, NASA's commercial crew program manager, said at a news conference last week before the latest postponement.

The space agency also said it didn't want the departure to conflict with spacewalks. This week's spacewalk was called off after water leaked from an astronaut's spacesuit while she was still inside the orbiting lab. Tuesday's spacewalk was still on the schedule.



    
        
            [image: Why NASA astronauts are delayed at the space station after Boeing Starliner launch]
             
                In this photo provided by NASA, Boeing Crew Flight Test astronauts Butch Wilmore, left, and Suni Williams pose for a portrait inside the vestibule between the forward port on the International Space Station's Harmony module and Boeing's Starliner spacecraft on June 13, 2024. Credit: NASA via AP
            
        

    



What are the problems being investigated?

Five of the capsule's 28 thrusters went down during docking, as the capsule closed in on the space station. All but one thruster was restarted, and they worked during a later test firing, NASA said. Officials suspect that heat from all the thruster action at docking caused the shutdown. The one faulty thruster has been turned off and is not an issue for the return trip, Boeing said.

The capsule launched June 5 with one small helium leak, but four more leaks sprung up by the time it reached the space station. Helium is used to pressurize fuel for the thrusters, and a faulty rubber seal was suspected in the initial leak. Officials say there's an amply supply of helium, and Boeing says the leaks are stable and not a concern.

"So far, we don't see any scenario where Starliner is not going to be able to bring Butch and Suni home," Stich said last week.

What's next?

Boeing and NASA say they'll consider landing dates once the spacewalks are over.

The capsule can remain at the space station for 45 days or longer if needed, Boeing said. In the meantime, mission managers continue to analyze the thruster trouble and helium leaks so they can resolve the problems before the next flight.

Wilmore and Williams have been pitching in with chores and research at the space station, along with their duties checking out systems on the Boeing capsule. NASA said there is no rush for them to leave, and there are plenty of supplies for the pair and the seven residents at the space station.
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                Shocked quartz grains, with fissures filled with meltglass. Credit: UC Santa Barbara
            
        

    


Researchers continue to expand the case for the Younger Dryas Impact hypothesis. The idea proposes that a fragmented comet smashed into the Earth's atmosphere 12,800 years ago, causing a widespread climatic shift that, among other things, led to the abrupt reversal of the Earth's warming trend and into an anomalous near-glacial period called the Younger Dryas.



										      
																																	Now, UC Santa Barbara emeritus professor James Kennett and colleagues report the presence of proxies associated with the cosmic airburst distributed over several separate sites in the eastern United States (New Jersey, Maryland and South Carolina), materials indicative of the force and temperature involved in such an event, including platinum, microspherules, meltglass and shock-fractured quartz. The study appears in the journal Airbursts and Cratering.

"What we've found is that the pressures and temperatures were not characteristic of major crater-forming impacts but were consistent with so-called 'touchdown' airbursts that don't form much in the way of craters," Kennett said.

The Earth is bombarded every day by tons of celestial debris, in the form of tiny dust particles. On the other end of the scale are the extremely rare and cataclysmic impacts like the Chicxulub event that 65 million years ago caused the extinction of dinosaurs and other species. Its 150-kilometer-wide (93 miles) impact crater can be found in the Yucatan Peninsula in Mexico.

Somewhere in between are the impacts that don't leave craters on the Earth's surface but are nevertheless destructive. The shockwave from the 1908 Tunguska event knocked down 2,150 square kilometers (830 square miles) of forest, as the roughly 40-meter (130 ft) diameter asteroid collided with the atmosphere almost 10 kilometers (6 miles) above the Siberian taiga.

The comet thought to be responsible for the Younger Dryas cooling episode is estimated to have been 100 kilometers wide (62 miles)--much larger than the Tunguska object, and fragmented into thousands of pieces. The sediment layer associated with the airburst stretches across much of the northern hemisphere, but can also be found in locations south of the equator. This layer contains unusually high levels of rare materials associated with cosmic impacts, such as iridium and platinum, and materials formed under high pressures and temperatures, such as magnetic microspherules (cooled-down metallic droplets), meltglass and nanodiamonds.


																																						
    
     




																																			Shocked quartz and amorphous silica

The researchers are particularly interested in the presence of shocked quartz, indicated by a pattern of lines, called lamellae, that shows stress great enough to deform the crystal structure of quartz, a very hard material. This "creme de la creme" of cosmic impact evidence is present in impact craters, however linking shocked quartz to cosmic airbursts has proven to be more of a challenge.

"In the extreme form, such as when an asteroid hammers into the Earth's surface, all the fractures are very parallel," Kennett explained. In the realm of cosmic airbursts, different variables are present in the realm of cosmic airbursts. "When you think about it, the pressures and temperatures that produce these fractures will vary depending on the density, entry angle, altitude of the impact and the impactor's size.

"What we found--and this is what is characteristic of the impact layer, called the Younger Dryas Boundary--is that although we do occasionally see in the quartz grains examples of the 'traditional' shocked quartz with parallel fractures, we mostly see grains that are not parallel," he said. These fractures are seen in an irregular, web-like pattern of intersecting, meandering lines and surface and subsurface fissures, in contrast to the parallel and planar deformations of impact-associated shocked quartz found at craters. These subparallel and subplanar deformations are due in large part to the relatively lower pressures caused by explosions that occur above the ground, the researchers assert, as opposed to impacts that make contact with the Earth.


																																			What these sediments do share with the shocked quartz at crater sites is the presence of amorphous silica--melted glass--in these fractures. And that, the researchers say, is evidence of the combination of pressure and high temperatures (greater than 2000 degrees Celsius) that could have come from a low-altitude bolide airburst. Similarly fractured quartz grains and meltglass have been found in more present-day samples of above ground explosions, such as at the Trinity atomic bomb test site in New Mexico. The roughly 20-kiloton bomb was detonated atop a 30.5 meter (100 foot) tower.

These lower-pressure shocked quartz grains join a growing suite of impact proxies that together make a case for a fragmented comet that not only caused widespread burning, but also abrupt climatic change that resulted in the extinctions of 35 genera of megafauna in North America, such as the mammoths and giant ground sloths, and led to the collapse of a flourishing human culture called Clovis, according to the researchers.

"There's a whole range of different shocked quartz, so we have to make a well-documented case that they are indeed significant for interpreting cosmic impact, even though they're not reflecting a traditional major crater-forming event," Kennett said. "These are from very-low-altitude 'touchdown' airbursts almost certainly associated with cometary impact."


																																																					
																				
																						More information:
												Christopher R. Moore et al, Platinum, shock-fractured quartz, microspherules, and meltglass widely distributed in Eastern USA at the Younger Dryas onset (12.8 ka), Airbursts and Cratering Impacts (2024). DOI: 10.14293/ACI.2024.0003
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        What's really inside vapes? We pulled them apart to find out
        While vapes or e-cigarettes first appeared around 20 years ago as an alternative to smoking, their prevalence and use have increasingly become problematic.

      

      
        A new tool for modeling materials
        Thermoset polymers made with composite materials give us everything from concrete bridge reinforcements to jet airplane wings to fiberglass boat hulls, and Philippe Geubelle's mission is to make these composites using methods that are faster, cheaper, and more energy-efficient than traditional methods.

      

      
        Uranium science researchers investigate feasibility of intentional nuclear forensics
        Despite strong regulations and robust international safeguards, authorities routinely interdict nuclear materials outside of regulatory control. Researchers at the Department of Energy's Oak Ridge National Laboratory are exploring a new method that would give authorities the ability to analyze intercepted nuclear material and determine where it originated.

      

      
        Aromatic compounds: A ring made up solely of metal atoms
        The term aromaticity is a basic, long-standing concept in chemistry that is well established for ring-shaped carbon compounds. Aromatic rings consisting solely of metal atoms were, however, heretofore unknown.

      

      
        Synthetic pathway for promising nitride compounds discovered
        Ruddlesden-Popper compounds are a class of materials with a special layered structure that makes them interesting for numerous applications--as superconductors or catalysts, for example, or for use in photovoltaics. There have been many halides and oxides of this structural type before now, but no nitrides. Although scientists expected Ruddlesden-Popper nitrides to have outstanding material properties, they were unable to actually manufacture them.

      

      
        Synthetic fuels and chemicals from CO2: Ten experiments in parallel
        If you mix fossil fuel with a little oxygen and add a spark, three things are produced: water, climate-warming carbon dioxide, and lots of energy. This fundamental chemical reaction takes place in every combustion engine, whether it runs on gasoline, petrol, or kerosene. In theory, this reaction can be reversed: with the addition of (renewable) energy, previously released CO2 can be converted back into a (synthetic) fuel.

      

      
        Researchers create green solvent to boost lignin applications
        Lignin, the glue that holds fibers together in trees and plants, is one of the most common yet one of the most complex biocomposites, because there are so many variants and qualities. Its heterogeneous chemical structure makes it difficult to investigate its exact composition.

      

      
        Exciting applications for marine degradable, bio- and CO2-based PISOX polymers
        Researchers at the Industrial Sustainable Chemistry (ISC) group at the Van 't Hoff Institute for Molecular Sciences have developed a new class of bio- and CO2 based PISOX polymers with surprising properties and applications.

      

      
        How scientists build rotatory machines with molecules
        Machines have evolved to meet the demands of daily life and industrial use, with molecular-scale devices often exhibiting improved functionalities and mechanical movements. However, mastering the control of mechanics within solid-state molecular structures remains a significant challenge.

      

      
        Scientists uncover previously unknown properties of gallium
        Nearly 150 years after gallium was discovered and added to the periodic table, University of Auckland scientists have uncovered previously-unknown aspects of the metal's structure and behavior.

      

      
        Japan scientists make smiling robot with 'living' skin
        Japanese scientists have used human cells to develop an equivalent to living skin that can be attached to robotic surfaces to flash a realistic--if creepy--smile.

      

      
        Simple new process stores carbon dioxide in concrete without compromising strength
        By using a carbonated--rather than a still--water-based solution during the concrete manufacturing process, a Northwestern University-led team of engineers has discovered a new way to store carbon dioxide (CO2) in the ubiquitous construction material.
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While vapes or e-cigarettes first appeared around 20 years ago as an alternative to smoking, their prevalence and use have increasingly become problematic.



										      
																																	Governments and regulators are now catching up to what is widely seen as an addictive and unsafe product. Australia has just passed a world-first bill that will ban all vapes from general retail later this year.

Currently, the most predominant vapes on the market are single-use, disposable products designed to appeal to younger people. Despite their short lifespan, vapes are complex products that contain several valuable resources.

However, there are no practical means to collect or recycle vapes. Most end up as electronic waste or e-waste in landfill. Some are simply thrown on the street as litter. So what's really inside vapes?

How do vapes work?

Vapes can be categorized as either reusable or disposable (single use), the more prevalent option.

Reusable vapes have a rechargeable battery and cartridge or liquid refills offered in a bewildering selection of flavors. More elaborate vapes contain microprocessors that offer customizable features, colored LEDs and even small colored screens.

In their simplest configuration, single-use disposables have the common components found in all e-cigarette types. Vapes contain a battery, a pressure sensor (like a modified microphone), an LED light, a heating element and a reservoir with e-liquid (the "juice").

When the sensor is activated by taking a drag on the device, the battery provides power to a heating element that vaporizes or atomizes the liquid.


																																						
    
     




																																			Tearing down a single-use vape

Analogous to the study of anatomy, teardowns are a technique used by industrial designers and design engineers to systematically disassemble a product.

This allows us to identify and describe the internal components and their relationships within a product. It can provide useful information about materials, manufacturing processes, assembly and technology.

Equally, it can provide insights into repairability, upgradability and ease of disassembly for end-of-life recovery for potentially valuable or harmful materials.

We obtained a random selection of commonly found, depleted, single-use vapes to teardown, identify and describe what is inside.

Housing

Disposable vapes are not designed to be disassembled. The main housing is made out of aluminum and covered in a paint finish and graphics, closed at the ends with plastic parts.

Once the housing end caps are removed, which is often not a straightforward task, the internal assembly slides out.

These internal parts are wedged or taped together within the main housing, and battery terminals are soldered to wires connecting to a pressure sensor and a heating element embedded in an e-liquid reservoir.


																																			Battery

Despite disposable vapes being non-rechargeable, the ones we disassembled all contained a lithium battery. Although much smaller, they are not dissimilar to the bundles of batteries found in products like power drills and electric vehicles.

These cells have high-power density: they can store lots of electrical energy in a relatively small package. This is needed to supply periodic bursts of energy to the heating element, and to outlast the supply of e-liquid in the reservoir.

All the batteries we tested during the teardown of depleted single-use vapes still maintained a charge that could power a test light bulb for at least an hour.

Pressure sensor

An air pressure sensor is a semiconductor switching device. Not unlike a microphone that converts vibrations into electrical energy, the pressure sensor detects a drop in pressure and closes an electronic switch.

This occurs during the action of taking a drag on the vape, which creates a partial vacuum within the device. When the switch is closed, a simple (short) circuit illuminates an LED and supplies current to the heating element.


																																						
    
     




																																			Heating element: Vaporizer

The heating element is embedded in a cap at one end of the e-liquid reservoir and connected to a wick. When the device is activated, an electrical current heats a metal strip that vaporizes some of the volatile e-liquid.

The e-liquid reservoir

Disposable vapes contain an absorbent foam material saturated with e-liquid and contained in a plastic tube with silicone endcaps.

In the center of the reservoir is a wicking material that draws in the surrounding e-liquid to be in contact with the heating element.

The e-liquid itself contains a range of ingredients such as propylene glycol, nicotine and flavorings, many of them with unknown health impacts.

Designed for the dump

The consumption of vapes has been skyrocketing in recent years, and they now represent a significant proportion of an alarming new category of e-waste.

Single-use e-waste results in a significant loss of valuable materials--notably aluminum and lithium.

Worse, when a disposable vape is thrown in the bin, the energy-dense lithium batteries pose a fire danger for waste management workers.

The materials in vapes also have toxic effects on the environment when released.

Having potentially valuable metals mixed with other, low-value materials such as plastic makes vapes difficult to separate and recycle. Overall, single-use vapes are clearly wasteful of resources and dangerous in the environment.
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Thermoset polymers made with composite materials give us everything from concrete bridge reinforcements to jet airplane wings to fiberglass boat hulls, and Philippe Geubelle's mission is to make these composites using methods that are faster, cheaper, and more energy-efficient than traditional methods.



										      
																																	Geubelle, Ph.D., Bliss Professor of Engineering at the University of Illinois Urbana-Champaign and Executive Associate Dean of the Grainger College of Engineering, works with the interdisciplinary Autonomous Materials Systems Group at the university's Beckman Institute to model frontal polymerization, a technique that turns liquid monomers into solid polymers using a chemical reaction.

"Whenever we do a simulation, it takes a while because numerically, it's very hard to capture this front that propagates through the structure," he said. "There are a lot of parameters that define this process. We want to know--what will happen if I change the chemistry or if I change the temperature at which I'm doing this? What if I change the environment?"

The team already was creating computer models of the process, but Geubelle thought utilizing machine learning could speed up the modeling. He turned to NCSA, home to experts in machine learning and artificial intelligence, and to Illinois Computes, a program that matches NCSA computing and data storage resources, technical experts, and support services with researchers across the Illinois campus.

"We took advantage of this great program called Illinois Computes. The primary objective of that program is really to pair researchers on campus with researchers at NCSA, and NCSA has a very good group that focuses on machine learning and artificial intelligence, including using machine learning to solve partial differential equations, which is what we are doing," said Geubelle, Ph.D., Bliss Professor of Engineering at the University of Illinois Urbana-Champaign and Executive Associate Dean of the Grainger College of Engineering.


																																						
    
     




																																			Geubelle and post-doctoral research assistant Qibang Liu were paired with Seid Koric, Ph.D., NCSA's technical associate director and research professor of mechanical science and engineering, and Diab W. D. Abueidda, NCSA research scientist. Koric leads projects at the forefront of using the latest advances in artificial intelligence and machine learning to help scientists run models and find answers more quickly and accurately.

They created various advanced AI models to run on high-performance computers by first training an artificial neural network, an ML-based deep learning process that uses interconnected nodes in a layered structure that resembles the human brain. By feeding neural networks different values of training data, the model learns by example and can be trained to recognize patterns in data, find connections, and predict outcomes.

"Training these networks typically requires lots of data generated by classical numerical methods to reduce the prediction errors, which is computationally costly," said Abueidda. "But when these networks are properly trained, they can infer results orders of magnitude faster than classical computational methods for new input data."

A breakthrough in training neural networks

Koric and Abueidda developed a novel way of reducing the amount of data needed to accurately train the neural network by monitoring the evolution of an error defined directly from the underlying partial differential equations. By focusing the ongoing training for the network on the error measure obtained from the physics (governing equations)--the team was able to find and train the data from the areas in the model that were least accurate--and thus greatly reduced the training data needed to develop an accurate model.


																																			"Being able to pinpoint and focus on the areas where you need improvement can result in a lot of speed-up in the entire process," said Koric. "By choosing data with large errors obtained from physical insights to feed into the system, rather than blindly generating a large amount of data, we've found a way to reduce the need to generate lots of training data."

Geubelle added, "if you do this randomly, I would say maybe 40% of the training examples you're solving are useless because they don't really improve the system very much. You put all your efforts into training the network in the region where the error is large. That is the adaptive nature of the process."

The team used NCSA's Delta supercomputer to run its models. The system offers both CPU and faster GPU processors, and one of Liu's efforts has been to work with NCSA to adapt codes written for CPUs and GPUs. So far, the collaboration has led to a paper in The Journal of Physical Chemistry. The team also won another round of support from Illinois Computes to continue their work.

"We are breaking down silos and really effectively collaborating under Illinois Computes. Everybody's bringing their own expertise to the plate, and we are solving challenging or unsolvable problems by the power of machine learning, AI and high-performance computing," said Koric.

"I generate the data from a CPU machine and then transfer that data to a GPU machine," said Liu. "It actually takes a little time, but with the neural network we want to be using GPU machines because they are so much faster,"

The ML approach to modeling frontal polymerization has also enabled the team to much more efficiently examine and solve the inverse problem in manufacturing, that is, to find the set of process conditions--determined by variables such as initial temperature, degree of cure of the resin, heat loss and more--that lead to a prescribed pattern of manufacturing. Solving the inverse problem, said Geubelle, is crucial for processes such as 3D printing because it is then possible to feed microstructures into a printer that result in a completed macrostructure.

"If you tell me what microstructure I need in order to do this, I can send it and have it made," he said. "But to solve this inverse problem, you need to be able to solve the forward problem really, really fast and that's where machine learning comes in."

Machine learning and AI, and the new adaptive deep learning processes developed in collaboration with NCSA allow Geubelle and his team to model the frontal polymerization problem in seconds rather than hours. That speed is essential for inverse design because of the enormous number of parameters involved. Geubelle said his group had worked on speeding up the process of inverse design using conventional methods, but the process was still too slow.


																																						
    
     




																																			Novel contributions and a cycle of innovation

The new project will allow the team to continue addressing the challenges of multiscale modeling of composite polymers using novel artificial neural networks, including generative AI methods. It will also delve deeper into work that uses the target design of a material as the input and gives the design variables as a return. This "one-shot" inverse model is expected to be substantially more efficient than more conventional inverse modeling methods, according to Koric.

As ML models and AI continue to mature, the adaptive training framework developed by NCSA could be applicable to many other areas of science, including various engineering disciplines, medicine, geology and seismic research, Koric said.

Volodymyr Kindratenko, director of the Center for Artificial Intelligence Innovation (CAII) at NCSA, noted that the work with Geubelle and the larger research group at Beckman Institute puts the University of Illinois at the forefront of innovative, collaborative AI/ML research.

"This work is an excellent example of what we call translational AI research," said Kindratenko. "Koric's team takes an existing ML methodology and uses it in new ways to solve problems in a science domain where nobody even thought it was possible. In doing so, the team advances the ML field with novel contributions and creates a cycle of innovation in both the ML and computational science fields. The work can then serve as a blueprint for other researchers to follow in their respective domains."


																																			Koric said the project also breaks down the barriers that continue to keep technology and science experts working separately.

"If you look at this kind of research, people are generally in two camps," he said. "You have computer scientists, on one hand, doing their fundamental computational research in AI and machine learning, and on the other hand, you have applied scientists and engineers who are using traditional computational methods but aspire to advance their research to the next level with AI/ML methods.

"Koric's team takes an existing ML methodology and uses it in new ways to solve problems in a science domain where nobody even thought it was possible. In doing so, the team advances the ML field with novel contributions and creates a cycle of innovation in both the ML and computational science fields," said Kindratenko.

"We are breaking down silos and really effectively collaborating under Illinois Computes. Everybody's bringing their own expertise to the plate, and we are solving challenging or unsolvable problems by the power of machine learning, AI and high-performance computing."

Brendan McGinty, director of NCSA's Industry Partner Program, noted that the private sector is eager to jump on the AI bandwagon, and NCSA's work takes AI's impact a step further.

"Dr. Koric and Dr. Geubelle take incorporating AI in modeling further, more specifically, to address polymer production," said McGinty. "They are showing that deeper and faster improvements to models are possible by combining AI, modeling, and domain expertise with HPC to maximize uplift. On the corporate end, this translates into improved competitiveness and return on investment."
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Uranium science researchers investigate feasibility of intentional nuclear forensics
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                A sample of finchite, a uranium mineral discovered by Oak Ridge National Laboratory scientist Tyler Spano and collaborators at the United States Geological Survey, is examined with a light scattering technique known as Fourier-infrared spectroscopy. Credit: Jeff Otto/ORNL, U.S. Dept. of Energy
            
        

    


Despite strong regulations and robust international safeguards, authorities routinely interdict nuclear materials outside of regulatory control. Researchers at the Department of Energy's Oak Ridge National Laboratory are exploring a new method that would give authorities the ability to analyze intercepted nuclear material and determine where it originated.



										      
																					Their findings were recently published in the Journal of Nuclear Materials.

The work is part of a multi-laboratory research venture investigating whether it is possible to intentionally add forensic signatures--called "taggants" or "dopants"--to nuclear fuels. Similar to how sulfur added to natural gas aids in quick identification of gas leaks, tagged nuclear materials found outside of regulatory control could be rapidly analyzed to support provenance determination.

"The technical nuclear forensics community is dedicated to understanding where materials outside of regulatory control originated and how long they have been outside of regulatory control," said Ashley Shields, a computational chemist in ORNL's Nuclear Nonproliferation Division. "This information is key for law enforcement investigations."

While the broader research venture is concerned with whether taggants can be added in a way that fuel fabricators can produce, without compromising safety or performance, the ORNL team is looking at the materials that occur early in the nuclear fuel cycle to determine when--if at all--a taggant could be added to provide a novel, measurable signature throughout the fuel cycle.

"As part of our research, we synthesize tagged materials and analyze whether the taggant changed the original material's properties in a way that we can clearly attribute to the presence of the tag," said Tyler Spano, a nuclear security scientist at ORNL and the publication's lead author.

By studying the physiochemical behavior of the taggants and how they persist--or don't--during relevant chemical processing, the team hopes to identify effective forensic taggant materials.

The research, which was highlighted by the Nuclear Forensics International Technical Working Group as a notable publication, represents a step toward understanding the feasibility of intentional nuclear forensics and, ultimately, the ability to determine the provenance of nuclear materials found outside of regulatory control.


																														
																				
																						More information:
												Tyler L. Spano et al, Structural features of early fuel cycle taggant incorporation for intentional nuclear forensics, Journal of Nuclear Materials (2023). DOI: 10.1016/j.jnucmat.2023.154787
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Aromatic compounds: A ring made up solely of metal atoms
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                The illustration shows a first aromatic ring (purple) made up solely of metal atoms, surrounded by a molecular shell that inhibits possible decomposition reactions. Credit: Lutz Greb
            
        

    


The term aromaticity is a basic, long-standing concept in chemistry that is well established for ring-shaped carbon compounds. Aromatic rings consisting solely of metal atoms were, however, heretofore unknown.



										      
																					The research team led by Prof. Dr. Lutz Greb, a scientist at Heidelberg University's Institute of Inorganic Chemistry, recently succeeded in isolating such a metal ring and describe it in full in an article published in the journal Nature Chemistry.

Aromatic compounds, or aromatics, are a substance class in organic chemistry, named after the aromatic smell by which the initially discovered compounds of this class were identified. In addition to ring-shaped carbon compounds, aromatic metal complexes are also known, whereby the metal atom is bound to an aromatic organic molecule.

The metal ring described by the Heidelberg University chemists is different. It is made up solely of metal atoms of elemental bismuth. The isolation and characterization of this metal ring was made possible by a new approach of supramolecular stabilization.

Greb's research group arranged a negatively charged molecular shell around the positively charged metal ring that inhibits possible decomposition reactions.

"We assume that our approach can be used as a general method in other areas of stabilization of positively charged rings and cages. First of all, aromatic compounds consisting solely of metal atoms aid our fundamental understanding. However, several unexpected effects of our work point to a new basic concept in the field of aromaticity.

"It could be significant for charge transport in metals," says Greb, who heads up the research group in molecular main group chemistry at the Institute of Inorganic Chemistry.


																														
																				
																						More information:
												Ravi Yadav et al, Supramolecular trapping of a cationic all-metal s-aromatic {Bi4} ring, Nature Chemistry (2024). DOI: 10.1038/s41557-024-01530-z
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Aromatic compounds: A ring made up solely of metal atoms (2024, June 27)
												retrieved 27 June 2024
												from https://phys.org/news/2024-06-aromatic-compounds-solely-metal-atoms.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-06-aromatic-compounds-solely-metal-atoms.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next




										

    
        
            [image: Synthetic pathway for promising nitride compounds discovered]
             
                Credit: Nature Chemistry (2024). DOI: 10.1038/s41557-024-01558-1
            
        

    


Ruddlesden-Popper compounds are a class of materials with a special layered structure that makes them interesting for numerous applications--as superconductors or catalysts, for example, or for use in photovoltaics. There have been many halides and oxides of this structural type before now, but no nitrides. Although scientists expected Ruddlesden-Popper nitrides to have outstanding material properties, they were unable to actually manufacture them.



										      
																					Now researchers led by Dr. Simon Kloss from the Department of Chemistry at LMU have developed a special synthetic pathway which has enabled them to manufacture nitride materials that crystallize in the Ruddlesden-Popper structural type. The study is published in the journal Nature Chemistry.

Stability of nitrogen posed a challenge

The stability of the triple bond in the nitrogen molecule (N2) and the low electron affinity of the element made it very challenging for the chemists to manufacture the nitrogen-rich Ruddlesden-Popper nitrides. They achieved a breakthrough by carrying out the syntheses under extreme conditions.

Employing large-volume presses, they compressed their samples at pressures of 8 gigapascals, which is equivalent to 80,000 bars. Then they used an active nitrogen source such as sodium azide to prepare the rare-earth transition-metal nitride compounds.

"We think we can systematically investigate Ruddlesden-Popper nitrides compounds with our new synthesis strategy," says Kloss. The scientists demonstrated this by investigating three new compounds of this materials class--a cerium-tantalum nitride (Ce2TaN4) and praseodymium- and neodymium-rhenium nitrides (Ln2ReN4 (Ln = Pr, Nd)).

"These three initial materials already exhibit a rich variety of structural, electronic, and magnetic properties," says Kloss.

The praseodymium and the neodymium compounds displayed exciting magnetic characteristics. For example, the neodymium compound is a remarkable hard ferromagnet with irreversible magnetic behavior. In addition, the tantalum compound is a semiconductor with properties that make it exciting for applications in the energy conversion domain or as a ferroelectric material.

"The same synthetic method will probably lead to other Ruddlesden-Popper nitride compounds and their derivatives," explains Kloss. "Consequently, a large new class of nitrides is waiting to be researched."


																														
																				
																						More information:
												M. Weidemann et al, High-pressure synthesis of Ruddlesden-Popper nitrides, Nature Chemistry (2024). DOI: 10.1038/s41557-024-01558-1
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                Ten experiments in parallel: The new system built by Empa researchers can accelerate research on CO2 electrolysis up to ten times. Credit: Empa
            
        

    


If you mix fossil fuel with a little oxygen and add a spark, three things are produced: water, climate-warming carbon dioxide, and lots of energy. This fundamental chemical reaction takes place in every combustion engine, whether it runs on gasoline, petrol, or kerosene. In theory, this reaction can be reversed: with the addition of (renewable) energy, previously released CO2 can be converted back into a (synthetic) fuel.



										      
																																	This was the key idea behind the Joint Initiative SynFuels. Researchers at Empa and the Paul Scherrer Institute (PSI) spent three years working on ways to produce synthetic fuels--known as synfuels--economically and efficiently from CO2.

This reaction, however, comes with challenges: For one, CO2 electrolysis does not just yield the fuel that was previously burned. Rather, more than 20 different products can be simultaneously formed, and they are difficult to separate from each other.

The composition of these products can be controlled in various ways, for example via the reaction conditions, the catalyst used, and the microstructure of the electrodes. The number of possible combinations is enormous and examining each one individually would take too long. How are scientists supposed to find the best one? Empa researchers have now accelerated this process by a factor of 10.

Accelerating research

As part of the SynFuels project, researchers led by Corsin Battaglia and Alessandro Senocrate from Empa's Materials for Energy Conversion laboratory have developed a system that can be used to investigate up to 10 different reaction conditions as well as catalyst and electrode materials simultaneously. The researchers have recently published the blueprint for the system and the accompanying software in the journal Nature Catalysis.

The system consists of 10 "reactors": small chambers with catalysts and electrodes in which the reaction takes place. Each reactor is connected to multiple gas and liquid in- and outlets and various instruments via hundreds of meters of tubing. Numerous parameters are recorded fully automatically, such as the pressure, the temperature, gas flows, and the liquid and gaseous reaction products--all with high temporal resolution.

"As far as we know, this is the first system of its kind for CO2 electrolysis," says Empa postdoctoral researcher Alessandro Senocrate. "It yields a large number of high-quality datasets, which will help us make accelerated discoveries."

When the system was being developed, some of the necessary instruments were not even available on the market. In collaboration with the company Agilent Technologies, Empa researchers co-developed the world's first online liquid chromatography device, which identifies and quantifies the liquid reaction products in real time during CO2 electrolysis.


																																						
    
     




																																			Sharing research data

Conducting experiments 10 times faster also generates 10 times as much data. In order to analyze this data, the researchers have developed a software solution that they are making available to scientists at other institutions on an open-source basis. They also want to share the data itself with other researchers.

"Today, research data often disappears in a drawer as soon as the results are published," explains Corsin Battaglia, Head of Empa's Materials for Energy Conversion laboratory. A joint research project between Empa, PSI and ETH Zurich, which bears the name PREMISE, aims to prevent this. "We want to create standardized methods for storing and sharing data," says Battaglia. "Then other researchers can gain new insights from our data--and vice versa."

Open access to research data is also a priority in other research activities of the Materials for Energy Conversion laboratory. This includes the National Center of Competence in Research NCCR Catalysis, which focuses on sustainable chemistry.

The new parallel CO2 electrolysis system is set to play an important role in the second phase of this large-scale national project, with both the data generated and the know-how made available to other Swiss research institutions. To this end, the Empa researchers will continue to refine both the hardware and the software in the future.


																																																					
																				
																						More information:
												Alessandro Senocrate et al, Parallel experiments in electrochemical CO2 reduction enabled by standardized analytics, Nature Catalysis (2024). DOI: 10.1038/s41929-024-01172-x
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                Selected regions of overlayed selective HSQC and HMBC NMR spectra (600 MHz, DMSO-d6) of saponified DES lignin R9, with annotated HSQC signals in black and unassigned in gray, and annotated HMBC signals in orange and unassigned in light orange. Credit: Green Chemistry (2024). DOI: 10.1039/D4GC00909F
            
        

    


Lignin, the glue that holds fibers together in trees and plants, is one of the most common yet one of the most complex biocomposites, because there are so many variants and qualities. Its heterogeneous chemical structure makes it difficult to investigate its exact composition.



										      
																																	Using NMR spectroscopy, researchers from Wageningen University & Research (WUR) have successfully characterized, for the first time at molecular level, lignin extracted from Miscanthus (Silvergrass) with a green solvent.

This makes it possible to identify applications for which the material is suitable, thus bringing closer the total upgrading of the raw materials in a biorefinery process. The researchers have published their study in the journal Green Chemistry.

Residual stream

In industry, lignin is usually considered a residual stream that can mainly be used for energy and energy recovery. This is done, for example, through the Kraft pulp process in the paper industry. In this process, wood chips are traditionally cooked in a pressure vessel and treated with aggressive chemicals to extract cellulose: the fiber for paper.

"The quality of the lignin is so degraded by such an intensive process that it is difficult to come up with a valuable application for it," says Gijs van Erven, researcher Biorefinery and Sustainable Value Chains at Wageningen Food & Biobased Research.

"There is therefore growing interest in developing milder separation processes that do less damage to the lignin structure, making it suitable for high-value applications."

One of these mild processes is the use of Deep Eutectic Solvents (DES). These solvents are non-toxic and relatively easy to produce from (partly) biobased chemicals. The process takes place under milder conditions, especially in terms of temperature, which saves a lot of energy. In addition, the lignin remaining in this process is reactive, so of higher quality and usable for more high-value applications.


																																						
    
     




																																			Balance

Van Erven states, "We looked at a mixture of lactic acid and choline chloride to separate Miscanthus. This northern European crop is a model for other grass-like crops, such as maize, straw and sugar cane.

"DES based on lactic acid and choline chloride is also applicable for hard and softwood, but this requires a higher temperature or a longer digestion time. This has an impact on the lignin structure you are eventually left with. We look for a balance between the amount of lignin we extract from the raw material, its purity and the intactness of its structure."

The starting point is to extract as much value as possible from raw materials. In this case, that was successful: Analyses using the NMR showed that some of the lactic acid and choline from the solvent binds covalently to the lignin. Demonstrating these chemical compounds at the molecular level was a challenge because of the heterogeneous structure of lignin--it is actually a complex mixture of diverse polymers.

New applications

"Wageningen University & Research has the analytical toolkit to tackle such an issue. We were thus able to prove that the structure in DES lignin samples is unique: lactic acid and choline are built in, so to speak. Therefore, the properties of this material are actually different from those of traditional lignins.

"This opens up new opportunities. For example, we can make better biocomposites and coatings from PLA (biobased plastic) mixed with DES lignin because they both contain lactic acid.

"The positive charge of choline also makes our lignin more suitable for aqueous applications, for example as a flocculant or surfactant for water processing. We see all kinds of directions where this lignin has new applications," says van Erven.

Follow-up project

A follow-up project with the exotic-sounding name AmphiphiLig is studying such lignin applications further. This involves working with industry to find modifications that can make lignin more applicable in both oily and aqueous environments. It also investigates how solvents can be recovered in the process.

"Further research on this and improving the recovery process is definitely worthwhile. I think our follow-up research will really boost the development of applications with lignin," claims van Erven.


																																																					
																				
																						More information:
												Gijs van Erven et al, Choline and lactic acid covalently incorporate into the lignin structure during deep eutectic solvent pulping, Green Chemistry (2024). DOI: 10.1039/D4GC00909F
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Exciting applications for marine degradable, bio- and CO2-based PISOX polymers
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Researchers at the Industrial Sustainable Chemistry (ISC) group at the Van 't Hoff Institute for Molecular Sciences have developed a new class of bio- and CO2 based PISOX polymers with surprising properties and applications.



										      
																					In a paper published in ACS Sustainable Chemistry and Engineering, they present the novel polyesters and discuss their potential.

PISOX polymers are truly unique in their combination of properties. They display high-performance characteristics, both thermally and mechanically, but even so decompose relatively easily to CO2 and biomass. For instance, under home-composting conditions in soil, PISOX degrades in just a few months. Under aqueous conditions it hydrolyzes in less than a year at 20degC, without the need for enzymes.

Lead author of the study is Ph.D. student Kevin van der Maas who will defend his thesis later this year. It also features contributions by former Ph.D. students Dr. Yue Wang and Dr. Daniel H. Weinland. The research was carried out in cooperation with LEGO and chemical technology development company Avantium, of which UvA ISC group leader Prof. Gert-Jan Gruter is the Chief Technology Officer.

The paper describes the polymer synthesis from diaryl oxalates and isosorbide, that can both be obtained from renewable sources. It compares the PISOX properties to those of popular polymers such as PET and ABS. It also discusses how the combination of PISOX properties--including high barrier properties--can be utilized.

Among the potential applications are compostable plastic bags and mulch films for gardening and agriculture, and packaging plastics with diminished environmental impact.

As a follow-up to the research presented in the paper, current research explores the possibility of using PISOX in temporary "artificial reefs," for instance to provide support to mussel banks and plants. After growth these structures can "dissolve" in the seawater. Another explorative project concerns the use of PISOX for 3D printed personalized coffins to be used in resomation (alkaline hydrolysis).


																														
																				
																						More information:
												Kevin van der Maas et al, PISOX Copolyesters-Bio- and CO2-Based Marine-Degradable High-Performance Polyesters, ACS Sustainable Chemistry & Engineering (2024). DOI: 10.1021/acssuschemeng.4c02266
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How scientists build rotatory machines with molecules
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Machines have evolved to meet the demands of daily life and industrial use, with molecular-scale devices often exhibiting improved functionalities and mechanical movements. However, mastering the control of mechanics within solid-state molecular structures remains a significant challenge.



										      
																																	Researchers at Ulsan National Institute of Science and Technology (UNIST), South Korea have made a groundbreaking discovery that could pave the way for revolutionary advancements in data storage and beyond.

Led by Professor Wonyoung Choe in the Department of Chemistry at UNIST), a team of scientists has developed zeolitic imidazolate frameworks (ZIFs) that mimic intricate machines. These molecular-scale devices can exhibit precise control over nanoscale mechanical movements, opening up exciting new possibilities in nanotechnology.

The study is published in the journal Angewandte Chemie International Edition.

To engineer these solid-state nanoscale machines, metal-organic frameworks (MOFs) were used as a foundation, integrating molecular machines as mechanical components into already developed structures.

A recent significant example involved embedding multiple dynamic components within a MOF as pillared ligands, which maintained the rotational motion of the embedded machinery in a solid state. Historically, linking machine-like behavior in MOFs with their mechanical properties has been rare because MOFs have not inherently shown such behaviors.


																																						
    
     




																																			The team used single-crystal X-ray diffraction to verify that the linkage structure of the ZIF resembles that of a mechanical linkage. This particular ZIF operates on the principle of a slider-crank linkage, which translates rotational motion into linear motion, responsive to temperature changes and solvent molecules.

By swapping out the mechanical parts of the solid-state molecular machine, they achieved precise control of nanoscale movements. The researchers also discovered that this machine exhibits the highest elasticity and flexibility among other ZIFs, making it an ideal candidate for applications in data storage and beyond.

The research team concluded that the unique mechanical properties are primarily due to the mechanical linkage structure of the ZIF. Structures made from the same metal nodes and organic ligands show different levels of flexibility depending on how they are connected.

This characteristic, crucial for machines that need to assemble components in various ways to achieve specific movements, is expected to drive the development of innovative nanomaterials.

"Implementing machine-like movements at the molecular level opens the door to discovering new materials with unique mechanical properties," explained Professor Wonyoung Choe.

"Our research into various molecular mechanical components and mechanical linkage structures is setting the stage for future applications in areas, such as digital data storage, where precision control over mechanical movements is crucial."


																																																					
																				
																						More information:
												Joohan Nam et al, Zeolitic Imidazolate Frameworks as Solid-State Nanomachines, Angewandte Chemie International Edition (2024). DOI: 10.1002/anie.202404061
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Scientists uncover previously unknown properties of gallium
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Nearly 150 years after gallium was discovered and added to the periodic table, University of Auckland scientists have uncovered previously-unknown aspects of the metal's structure and behavior.



										      
																																	First identified in 1875 by French chemist Paul-Emile Lecoq de Boisbaudran, gallium is known for the low melting point which causes a gallium spoon to dissolve in a cup of tea. Semi-conductors rely on the unusual metal.

The surprising discovery relates to gallium's behavior at the atomic level.

Unlike most metals, gallium exists in the form of 'dimers'--pairs of atoms--and is less dense as a solid than as a liquid, akin to how ice floats on water. Gallium features 'covalent bonds' where atoms share electrons, also unusual for a metal.

A new study shows that while those bonds disappear at melting point, they reappear at higher temperatures. "Resolving Decades of Debate: The Surprising Role of High-Temperature Covalency in the Structure of Liquid Gallium" is the title of the paper published in Materials Horizons.

That contradicts long-standing assumptions and necessitates a new explanation for gallium's low melting point. The researchers propose that the key may be a large increase in entropy--a measure of disorder--when the bonds disappear, freeing up the atoms.

"Thirty years of literature on the structure of liquid gallium has had a fundamental assumption that is evidently not true," says Professor Nicola Gaston, of Waipapa Taumata Rau, University of Auckland and the MacDiarmid Institute for Advanced Materials and Nanotechnology.


																																						
    
     




																																			The research was carried out by Dr. Steph Lambie--now a postdoctoral researcher at the Max-Planck Institute for Solid State Research in Germany -Gaston and Dr. Krista Steenbergen, of Victoria University of Wellington and the MacDiarmid Institute.

The breakthrough came from Lambie, then a Ph.D. student with the University and the MacDiarmid Institute, meticulously revisiting scientific literature from previous decades and comparing temperature data to piece together the complete picture.

Understanding gallium's exact processes, and especially how it changes with temperature, is important for advances in nanotechnology, where scientists manipulate matter to create new materials.

The metal is used to dissolve other metals, facilitating the creation of liquid metal catalysts and 'self-assembling structures," where disordered materials spontaneously become structured.

Zinc 'snowflakes' were created by crystallizing zinc in liquid gallium in a previous project involving Gaston, Lambie and Steenbergen.

Gallium was predicted before it was discovered. When Dmitri Mendeleev, the Russian chemist, created the first periodic table in 1871, arranging the elements according to increasing atomic numbers, he left gaps for missing elements suggested by known elements.

Extracted from minerals and rocks such as bauxite, gallium isn't found in nature in its pure form. Used in semiconductors, the metal also features in telecommunications, LEDs and laser diodes, solar panels, high-performance computing, the aerospace and defense industries, and as an alternative to mercury in thermometers.

Intriguingly, scientists hunting for traces of past life on Mars see potential for gallium to offer clues as a chemical 'fingerprint' preserving traces of past microbial life. Researchers in the University's School of Environment and Te Ao Marama--Center for Fundamental Inquiry are investigating.

The name gallium is a reference to Gaul, or France--reflecting the nationality of the discoverer.


																																																					
																				
																						More information:
												Stephanie Lambie et al, Resolving decades of debate: the surprising role of high-temperature covalency in the structure of liquid gallium, Materials Horizons (2024). DOI: 10.1039/D4MH00244J
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Japan scientists make smiling robot with 'living' skin
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                Other methods to bind skin tissue to solid structures come with limitations. This new method can work on complex, curved, and even moving surfaces. Credit: 2024 Takeuchi et al. CC-BY-ND
            
        

    


Japanese scientists have used human cells to develop an equivalent to living skin that can be attached to robotic surfaces to flash a realistic--if creepy--smile.



										    
																					The University of Tokyo researchers published their findings this week along with a video of the gooey-looking pink material being stretched into an unsettling grin.

They used a "skin-forming cell-laden gel" to create a "robot covered with living skin", their study in the journal Cell Reports Physical Science said.

The biohybrid robot specialists hope the technology will one day play a role in the invention of androids with human-like appearances and abilities.

"We also hope this will help shed better light on wrinkle formations and the physiology of facial expressions," and help to develop transplant materials and cosmetics, the team led by professor Shoji Takeuchi said.



    
    
    
        
        
    
            
            The actuation of the robotic face covered with a dermis equivalent. Credit: Cell Reports Physical Science (2024). DOI: 10.1016/j.xcrp.2024.102066
  

The new material could signal a departure from traditional humanoid robots covered with genuine-looking skin often made of silicone rubber, which cannot sweat or heal itself.

The scientists' goal is "to endow robots with the self-healing capabilities inherent in biological skin", but they are not there yet.

In previous studies, they grafted collagen onto a cut on lab-grown skin covering a robotic finger to demonstrate how it could be repaired.

But they said conducting similar repair tests on their smiling robotic skin "is a future challenge".

To create what they described as a "natural smile" that moves fluidly, they gelatinized the skin-like tissue and fixed it inside the robot's holes, a method inspired by real human skin ligaments.


																														
																				
																						More information:
												M. Kawai, M. Nie, H. Oda, S. Takeuchi. Perforation-type anchors inspired by skin ligament for robotic face covered with living skin, Cell Reports Physical Science (2024). DOI: 10.1016/j.xcrp.2024.102066. www.cell.com/cell-reports-phys ... 2666-3864(24)00335-7
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By using a carbonated--rather than a still--water-based solution during the concrete manufacturing process, a Northwestern University-led team of engineers has discovered a new way to store carbon dioxide (CO2) in the ubiquitous construction material.



										      
																																	Not only could the new process help sequester CO2 from the ever-warming atmosphere, it also results in concrete with uncompromised strength and durability.

In laboratory experiments, the process achieved a CO2 sequestration efficiency of up to 45%, meaning that nearly half of the CO2 injected during concrete manufacturing was captured and stored. The researchers hope their new process could help offset CO2 emissions from the cement and concrete industries, which are responsible for 8% of global greenhouse gas emissions.

The study was published today in Communications Materials, a journal published by Nature Portfolio.

"The cement and concrete industries significantly contribute to human-caused CO2 emissions," said Northwestern's Alessandro Rotta Loria, who led the study. "We are trying to develop approaches that lower CO2 emissions associated with those industries and, eventually, could turn cement and concrete into massive 'carbon sinks.' We are not there yet, but we now have a new method to reuse some of the CO2 emitted as a result of concrete manufacturing in this very same material. And our solution is so simple technologically that it should be relatively easy for industry to implement."

"More interestingly, this approach to accelerate and accentuate the carbonation of cement-based materials provides an opportunity to engineer new clinker-based products where CO2 becomes a key ingredient," said study co-author Davide Zampini, vice president of global research and development at CEMEX.

Rotta Loria is the Louis Berger Assistant Professor of Civil and Environmental Engineering at Northwestern's McCormick School of Engineering. The study was a collaboration between Rotta Loria's laboratory and CEMEX, a global building materials company dedicated to sustainable construction.


																																						
    
     




																																			Limitations of previous processes

A non-negotiable part of infrastructure, concrete is one of the world's most consumed materials--second only to water. To make concrete in its simplest form, workers combine water, fine aggregates (like sand), coarse aggregates (like gravel) and cement, which binds all the ingredients together. Since the 1970s, previous researchers have explored various ways to store CO2 inside concrete.

"The idea is that cement already reacts with CO2," Rotta Loria explained. "That's why concrete structures naturally absorb CO2. But, of course, the absorbed CO2 is a small fraction of the CO2 emitted from producing the cement needed to create concrete."

Processes to store CO2 fall into one of two categories: hardened concrete carbonation or fresh concrete carbonation. In the hardened approach, solid concrete blocks are placed into chambers where CO2 gas is injected at high pressures. In the fresh version, workers inject CO2 gas into the mixture of water, cement and aggregates while concrete is being produced.

In both approaches, some of the injected CO2 reacts with the cement to become solid calcium carbonate crystals. Both techniques, however, share deal-breaking limitations. They are hindered by low CO2 capture efficiency and high energy consumption. Even worse: The resulting concrete is often weakened, hampering its applicability.


																																			Uncompromised strength

In Northwestern's new approach, the researchers leveraged the fresh concrete carbonation process. But, instead of injecting CO2 while mixing all the ingredients together, they first injected CO2 gas into water mixed with a small amount of cement powder. After mixing this carbonated suspension with the rest of the cement and aggregates, they achieved a concrete that actually absorbed CO2 during its manufacturing.

"The cement suspension carbonated in our approach is a much lower viscosity fluid compared to the mix of water, cement and aggregates that is customarily employed in present approaches to carbonate fresh concrete," Rotta Loria said. "So, we can mix it very quickly and leverage a very fast kinetics of the chemical reactions that result in calcium carbonate minerals. The result is a concrete product with a significant concentration of calcium carbonate minerals compared to when CO2 is injected into the fresh concrete mix."

After analyzing their carbonated concrete, Rotta Loria and his colleagues found its strength rivaled the durability of regular concrete.

"A typical limitation of carbonation approaches is that strength is often affected by the chemical reactions," he said. "But, based on our experiments, we show the strength might actually be even higher. We still need to test this further, but, at the very least, we can say that it's uncompromised. Because the strength is unchanged, the applications also don't change. It could be used in beams, slabs, columns, foundations--everything we currently use concrete for."

"The findings of this research underline that although carbonation of cement-based materials is a well-known reaction, there is still room to further optimize the CO2 uptake through better understanding of the mechanisms tied to materials processing," Zampini said.

The study, "Storing CO2 while strengthening concrete by carbonating its cement in suspension," was supported by CEMEX Innovation Holding Ltd.


																																																					
																				
																						More information:
												Xiaoxu Fu et al, Storing CO2 while strengthening concrete by carbonating its cement in suspension, Communications Materials (2024). DOI: 10.1038/s43246-024-00546-9
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      Read the latest science news from Phys.org on biology, evolution, microbiology, biotechnology


      
        World's smallest living elephants listed as Endangered on Red List
        A newly confirmed elephant subspecies is already at risk of extinction.

      

      
        Genetic discovery delays peach bloom, safeguards crops from spring frost
        In a pivotal advancement for fruit agriculture, scientists have pinpointed a gene mutation in peach trees that governs the timing of flowering, a trait critical for evading spring frosts. This genetic insight could transform breeding practices, enabling the development of late-flowering fruit varieties that mitigate the risks of frost damage, thereby bolstering crop yields and farmer livelihoods.

      

      
        Pacific cod can't rely on coastal safe havens for protection during marine heat waves, study finds
        During recent periods of unusually warm water in the Gulf of Alaska, young Pacific cod in near shore safe havens where they typically spend their adolescence did not experience the protective effects those areas typically provide, a new Oregon State University study found.

      

      
        Kick-starting seagrass for a climate-proof sea
        Once upon a time, seagrass meadows of about 150 square kilometers covered the bottom of the Dutch Wadden Sea. Now, seagrasses have all but disappeared, just like in many other places in the world. But these unique saltwater plants play a vital role in an ecosystem.

      

      
        Study projects loss of brown macroalgae and seagrasses with global environmental change
        Researchers predict that climate change will drive a substantial redistribution of brown seaweeds and seagrasses at the global scale. The projected changes are alarming due to the fundamental role of seaweeds and seagrasses in coastal ecosystems, and provide evidence of the pervasive impacts of climate change on marine life.

      

      
        Devastating coral bleaching will be more common, start earlier and last longer unless we cut emissions
        Coral bleaching is becoming much more common as a result of increasingly severe and frequent marine heat waves. Four global mass bleaching events have happened since 1998. Two of these were in the past decade.

      

      
        Researchers develop deep-learning model that outperforms Google AI system to predict peptide structures
        Researchers at the University of Toronto have developed a deep-learning model, called PepFlow, that can predict all possible shapes of peptides--chains of amino acids that are shorter than proteins, but perform similar biological functions.

      

      
        Three new extinct walnut species discovered in high Arctic mummified forest
        In a new study, scientists describe three new, but long-extinct, walnut species on an island above the Arctic Circle. The fossils were discovered further north than any known walnut species, living or extinct, and represent some of the oldest-known records of this group. The work is published in the International Journal of Plant Sciences.

      

      
        DeepEvo: An 'intelligent' strategy for engineering customized proteins
        Engineering proteins for desirable traits has been the holy grail of modern biotechnology. For example, the food industry can benefit from engineered enzymes which have the ability to enhance biochemical reactions at higher temperatures, as compared to natural enzymes. This can save valuable resources such as labor, money, and time. However, the process of arriving at a functional protein of interest with the desired trait presents significant challenges.

      

      
        Innovative UAV and deep learning method enhances maize tassel detection accuracy
        A research team has developed an innovative method utilizing unmanned aerial vehicles (UAVs) and deep learning techniques to accurately identify tassel states in maize hybridization fields before and after manual detasseling. This approach significantly enhances tassel detection accuracy, achieving up to 98%, by using specific annotation and data augmentation strategies. This research holds significant value for improving tassel detection in agricultural fields, potentially reducing manual labor ...

      

      
        Last surviving woolly mammoths were inbred but not doomed to extinction, genomic analysis suggests
        The last population of woolly mammoths was isolated on Wrangel Island off the coast of Siberia 10,000 years ago, when sea levels rose and cut the mountainous island off from the mainland.

      

      
        Bonnet mushrooms have 'expanded' genomes to make them more adaptable to multiple lifestyles, study finds
        A study of multiple Mycena mushroom species, also known as "bonnets," reported in the journal Cell Genomics on June 27 has found that they have unexpectedly large genomes.

      

      
        To protect corals from heat waves, we should help their microbial symbionts evolve heat tolerance, researchers say
        Most coral reef restoration efforts involve restocking reefs with nursery-grown corals. However, if these corals are of the same stock as their wild counterparts, they will be equally vulnerable to the heat stress that caused the bleaching event in the first place.

      

      
        Researchers complete genus overview for 55 species of silk plants
        Flowers of the genus Orthosia are small but rich in detail. After decades of research, plant systematics researchers at the University of Bayreuth have now presented a complete overview of the genus for the first time. A total of 55 species were identified and described, twice as many as expected.

      

      
        Researchers compile Cacao Gene Atlas to help plant breeders boost chocolate tree
        Cacao, the chocolate tree, is one of the world's most important economic crops, generating hundreds of billions of dollars annually. However, cocoa is affected by a range of pests and diseases, with some estimates putting losses as high as 30% to 40% of global production.

      

      
        Breakthrough on tar spot pathogen enables field research
        University of Minnesota researchers developed and reported processes for the first time to infect corn plants in the field with the corn tar spot pathogen, a relatively new disease threatening corn production across the United States.

      

      
        Invasive ants spread by hitchhiking on everyday vehicles
        Insects are masters of transportation and get around by flying, crawling, swimming, burrowing, and even gliding. Now, ants have been observed using a new method of getting around: hitchhiking. These social insects pack up the whole family, including their queen, and hop in the car for an opportunistic ride to a new area where they can set up a home.

      

      
        Scientists develop map-based tool to address water scarcity in Southwest
        Scientists at the United States Department of Agriculture (USDA) Southwest Climate Hub and California Climate Hub have developed a browsable map-based tool that addresses water scarcity in the U.S. Southwest.
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                Opening up new routes for Bornean elephants, like the Sabah Softwoods wildlife corridor, will help to ensure that different populations can continue to mix. Credit: Cheryl Cheah
            
        

    


A newly confirmed elephant subspecies is already at risk of extinction.



										      
																																	Bornean elephants have wider faces and smaller bodies than other Asian elephants. Standing just 2.5 meters tall, they narrowly beat the African forest elephant to the title of the smallest living elephant.

Though they were first named in 1950, disagreement over whether these mammals should be their own subspecies has limited protections for them. While scientists debated the semantics, the elephant's habitat has been decimated by logging for timber and planting oil palm, confining the animals to a small area of northeastern Borneo.

New research has finally confirmed the status of the Bornean elephant as a subspecies, which is now considered endangered by the International Union for the Conservation of Nature (IUCN). The scientists who carried out the assessment for the Red List, including the WWF Malaysia's Dr. Cheryl Cheah, hope that it will help to boost support for the threatened mammals.

"As a distinct subspecies of the Asian elephant, these animals are unique to the island of Borneo and part of our natural heritage," Cheryl says. "The inclusion of Bornean elephants on the Red List is a pivotal step to galvanize conservation efforts and direct resources to areas of utmost importance."

"Their classification as "Endangered' underscores the urgency of collaborative conservation action to limit human-elephant conflict and prevent the further loss and fragmentation of their habitat."

"Managing both of these issues effectively will be crucial to safeguard their future survival."

Vivek Menon, the chair of the IUCN's Asian Elephant Specialist Group, adds, "This range-restricted taxon has never been listed before. The assessment of its threat should spur its conservation by Malaysia and Indonesia, as well as directing conservation focus to it in terms of resources and science."


																																						
    
     




																																			What's different about the Bornean elephant?

Borneo's elephants are among the most isolated population of Asian elephant, living at the easterly end of the species' range in the Malaysian state of Sabah and across the border in the Indonesian state of Kalimantan. Historically, Asian elephants have been divided into three subspecies: Sumatran, Sri Lankan and Indian.

But the status of the Bornean elephant has been uncertain for a long time. Some zoologists suggested they belong to the Sumatran subspecies, while a variety of other divisions had also been proposed. Most theories haven't stood the test of time.

"Back in 1950, a Sri Lankan scientist named Paulus Deraniyagala described a lot of subspecies, including the Bornean elephant," Adrian explains. "At the time, it was accepted that anything that was slightly different from the broader species would be named, which is something we're much more careful about today."

"While many of these subspecies haven't found support over the past 70 years, the Bornean elephant has continued to be a topic of debate. I felt that it was time to do an objective study to provide concrete data on this."

Adrian and a team of researchers delved into the collections of museums around the world to investigate, comparing the skulls of over 120 Asian elephants from across their range. This included more than 30 skulls from the Natural History Museum, including the type specimen originally used to name the Bornean elephant.

Their analysis found that the subspecies have smaller and wider heads than their relatives, as well as a narrower gap where the trunk would be.

"Bornean elephants are noticeably smaller than their relatives, and it's possible that this could be the start of an island effect," Adrian says. "The fact they only occupy a small portion of the island could play into this."

"However, at this point it's very hard to say why exactly they're smaller. They're not very diverse genetically, so it's also possible that their genetics have a bearing on this as well."

Previous genetic studies have shown that Bornean elephants are distinct from their Asian relatives. They're thought to have split from other Asian elephants during the past 300,000 years, but it's currently uncertain how they got onto the island.

It's possible the elephants may have walked to Borneo from the mainland when sea levels were lower than they are now, or evolved on a nearby island and were imported to Borneo by humans. Adrian and his team are currently investigating this issue in their ongoing research.

Either way, the researchers believe that the skull and genetic evidence provides a convincing argument that these animals should be recognized as a subspecies in their own right.


																																			Protecting Borneo's biodiversity

Naming the Bornean elephant as a subspecies might seem inconsequential, but it will have an impact on how the elephants are treated. As a subspecies with a unique evolutionary history means there's now greater impetus to protect the population.

This change couldn't come at a more vital moment. It's thought that there are only 1,000 Bornean elephants left in the wild, with the team's research revealing that their population has fallen sharply over the past 75 years. They are now found in less than half the area they were decades ago.

The causes of the decline are common for much of Borneo's wildlife: palm oil plantations and logging. Deforestation has created small forest fragments which aren't big enough to support the elephants. As a result, humans and elephants are increasingly coming into conflict as the animals leave the forests in search of food.

Addressing these issues will not be easy as the Malaysian and Indonesian governments, as well as conservation organizations, try to balance the needs of the elephants with those of local people. However, the team are hopeful that placing the Bornean elephant on the Red List will lead to renewed efforts to protect the subspecies.

"Elephants are a keystone species which play a crucial role in the rainforests, dispersing seeds and making clearings," Adrian says. "They also need a large area of habitat, so by conserving these elephants, we'll be protecting many other species as well as the wider ecosystem."

The researchers are calling for the forests in which the elephants live to be protected and linked up to other forest fragments. This might involve redirecting roads or opening up wildlife corridors through oil palm plantations to allow the animals to move around.

Alongside work with local people to minimize human-elephant conflict, the team believe that these actions will go a long way to preserving the subspecies. The steps to protect the Bornean elephant are within our grasp, but only time will tell if we take them or not.


																																																					
																					
																					
                              																					 
												  This story is republished courtesy of Natural History Museum. Read the original story here.
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Genetic discovery delays peach bloom, safeguards crops from spring frost

										

    
        
            [image: Spring frost no more: genetic discovery delays peach bloom, safeguards crops]
             
                The pedigree of the late-flower peach (LFP) and its chilling requirement. Credit: Horticulture Research (2024). DOI: 10.1093/hr/uhae076
            
        

    


In a pivotal advancement for fruit agriculture, scientists have pinpointed a gene mutation in peach trees that governs the timing of flowering, a trait critical for evading spring frosts. This genetic insight could transform breeding practices, enabling the development of late-flowering fruit varieties that mitigate the risks of frost damage, thereby bolstering crop yields and farmer livelihoods.



										      
																																	Spring frost frequently threatens temperate fruit production, leading to significant economic losses for growers. One effective strategy to mitigate this issue is breeding late-flowering cultivars, which bloom after the risk of frost has passed. However, the process is often hampered by a lack of specific genes and markers and a limited understanding of the underlying genetic mechanisms.

This challenge necessitates in-depth research into the genetic regulation of flowering time, aiming to identify key genes and develop reliable markers for breeding frost-tolerant cultivars.

Researchers at the USDA-ARS Appalachian Fruit Research Station have made a significant breakthrough in the field of horticulture. Their study, published in Horticulture Research on April 8, 2024, uncovers a genetic mutation in the euAP2a gene that is responsible for the late flowering of peaches, a trait that could be vital in frost avoidance strategies.

The study focused on a Late-Flowering Peach (LFP) germplasm, which requires longer chilling and warming periods to bloom compared to standard cultivars.

Researchers discovered a 983-bp deletion in the euAP2a gene that disrupts a miR172 binding site, leading to a gain-of-function mutation. Transcriptomic analyses revealed that this mutation affects the activation of thermo-responsive gene modules, delaying floral development.

Specifically, two chilling-responsive modules and four warming-responsive modules, involving approximately 600 genes, are sequentially activated at different stages of flower development. The deactivation or delay of these modules indicates that the euAP2a gene acts as a transcription repressor, modulating the thermo-responsive transcription programming to control the pace of floral development in peaches.


																																						
    
     




																																			This research not only identifies the genetic basis for the late-flowering trait but also provides a comprehensive understanding of the molecular mechanisms involved, aiding the breeding of frost-tolerant fruit tree cultivars.

Dr. Chris Dardick, a corresponding author of the study, states, "Our findings not only shed light on the genetic basis of flowering time but also provide a valuable tool for breeders to develop peach varieties that can better withstand the threats of climate change, ensuring food security and agricultural sustainability."

The application of this research is far-reaching, with the potential to inform breeding programs for a variety of temperate fruits. By understanding and manipulating the genetic factors that control flowering time, growers can cultivate crops that are more resilient to environmental fluctuations, ultimately leading to reduced vulnerability to frost damage and more predictable harvest outcomes.


																																																					
																				
																						More information:
												Jianyang Liu et al, euAP2a, a key gene that regulates flowering time in peach (Prunus persica) by modulating thermo-responsive transcription programming, Horticulture Research (2024). DOI: 10.1093/hr/uhae076
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Pacific cod can't rely on coastal safe havens for protection during marine heat waves, study finds
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                Juvenile Pacific cod. Credit: Ben Laurel, NOAA Alaska Fisheries Science Center
            
        

    


During recent periods of unusually warm water in the Gulf of Alaska, young Pacific cod in near shore safe havens where they typically spend their adolescence did not experience the protective effects those areas typically provide, a new Oregon State University study found.



										      
																																	Instead, during marine heat waves in 2014-16 and 2019, young cod in these near shore "nurseries" around Kodiak Island in Alaska experienced significant changes in their abundance, growth rates and diet, with researchers estimating that only the largest 15-25% of the island's cod population survived the summer. Even after the high temperatures subsided, the cod have yet to return to pre-heat wave size and diet.

The findings, published today in the journal Scientific Reports, may have broader implications for marine fish populations worldwide, as marine heat waves become longer and more frequent with climate change, the researchers said.

"These coastal habitats aren't supporting fish in the same way that they used to as a result of marine heat waves," said lead author Hillary Thalmann, a graduate student in OSU's Department of Fisheries, Wildlife and Conservation Sciences. "That's a novel finding, because we don't always look at the nurseries as a place where size-selective mortality could be occurring rapidly."

Pacific cod, a popular choice for fish and chips, is the second-largest commercial groundfish fishery off the coast of Alaska. The 2022 commercial harvest totaled 403 million pounds and was valued at $225 million, according to NOAA Fisheries. Cod also has a long history in Alaskan culture and is important to Indigenous communities in the region.


																																						
    
     




																																			The nurseries are shallow areas along shorelines with lots of aquatic vegetation, including eelgrass, algae and kelp, which attract lots of food for the fish and provide hiding places where they can avoid predators. Typically, they are considered safe havens for small Pacific cod--areas where the fish go at around 3 months old to eat and grow as much as they can during their first summer and fall.

But during the two recent marine heat waves in the Gulf of Alaska, water temperatures were recorded at 58 degrees Fahrenheit, almost 6 degrees above normal. Together, the two heat waves are considered the most extreme warming events on record in the Northeast Pacific Ocean, and the effects on the cod population were so severe that the fishery was closed in 2020 and a federal disaster was declared in 2022.

Previous OSU research has found that the higher temperatures triggered earlier reproduction and high mortality among young Pacific cod. The new study focuses on the physiological disruptions the young cod experienced while occupying the coastal nurseries.

Researchers used juvenile Pacific cod collected by the NOAA Alaska Fisheries Science Center Fisheries Behavioral Ecology program from 16 sites around Kodiak Island in mid-July and late August for the years 2006-2019. This sampling was part of routine population monitoring for the cod fishery.

For the July sample, researchers looked at the fishes' otoliths, tiny bony structures that chronicle a fish's growth similar to the rings of trees. Measuring the otoliths allowed researchers to calculate the fishes' precise rate of growth up to the July sampling date, and then calculate their projected size based on maintaining that same growth rate into August.


																																			However, when they looked at the August sample, the fish were 30% bigger than the size predicted by the established growth rate, and there were almost no small fish present in the sample. The only way researchers were able to account for the size of the fish in August was to remove all the small fish from the July sample and leave just the largest 15-25% of fish following the projected growth rate trajectory.

"If we removed the little guys and grew the big guys--the top 15-25%--through to August based on the growth rates we saw earlier in the summer, then we got the size range that we see in those heat wave years," Thalmann said. "It's important to show that with heat events like this, size-selective mortality can continue in the cod population beyond just their early life in the open water," where the larvae spend their first three months.

Size-selective mortality is the phenomenon of survival being determined by an organism's size; here, only the biggest fish appear to have survived.

"We saw these differences in size in the nursery, and we tried to explain them with growth rates and tried to explain them with diet, but we couldn't explain it all," Thalmann said. "There was something out there, probably size-selective mortality, that was the major driver for what we were seeing."

Moving forward, researchers say changing ocean conditions may mean that Pacific cod have to move further north to find optimal growth environments, or there may be a shift toward bigger cod being the only ones to survive and contribute genetic information to subsequent generations.

"If the marine heat waves continue, there will probably be some changes in both the distribution and the quality of these populations," Thalmann said. "I don't think it's the end of fish and chips, but I do think it's a cautionary tale for climate change and the shifting dynamics of fisheries in warm temperatures."

Co-authors on the study were Zoe Almeida, Kaitlyn Osborne, Kaylee Marshall and Jessica Miller at OSU and Benjamin Laurel at the NOAA Alaska Fisheries Science Center in Newport, Oregon.


																																																					
																				
																						More information:
												Hillary L. Thalmann et al, Marine heatwaves alter the nursery function of coastal habitats for juvenile Gulf of Alaska Pacific cod, Scientific Reports (2024). DOI: 10.1038/s41598-024-63897-w
																						
																						

																					

                               											
																					
                              										                                        
										
										
											 
												Citation:
												Pacific cod can't rely on coastal safe havens for protection during marine heat waves, study finds (2024, June 27)
												retrieved 27 June 2024
												from https://phys.org/news/2024-06-pacific-cod-coastal-safe-havens.html
											 

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

										

                                        
									

								



This article was downloaded by calibre from https://phys.org/news/2024-06-pacific-cod-coastal-safe-havens.html



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Kick-starting seagrass for a climate-proof sea
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                Seagrass (Zostera Marina). Credit: University of Groningen, Laura Govers
            
        

    


Once upon a time, seagrass meadows of about 150 square kilometers covered the bottom of the Dutch Wadden Sea. Now, seagrasses have all but disappeared, just like in many other places in the world. But these unique saltwater plants play a vital role in an ecosystem.



										      
																																	Ecologists Jeanine Olsen, Tjisse van der Heide, and Laura Govers of the University of Groningen are working to help seagrass return to our waters. On the occasion of the World Seagrass Conference, 17-21 June in Naples, Italy, the BBC premiered a mini documentary on Govers' work .

Rows of researchers and volunteers walk along the mudflats with an adapted caulking gun, injecting a mix of mud and seagrass seeds into the sediment at specified distances. Elsewhere, 3D-printed biodegradable plastic structures are sunk into the ground to make sure that the newly planted seagrasses don't immediately wash away. These new techniques for seagrass restoration have brought ecologists Laura Govers and Tjisse van der Heide several successes.

Jeanine Olsen, Emeritus Professor of Molecular Ecology, takes a different approach: she is looking at seagrass genomes in her search for climate-proof seagrass. Currently, seeds and plants for seagrass restoration projects are sometimes imported from warmer regions to stay ahead of the rising temperatures due to climate change.

However, Olsen explains that simply taking plants from the Mediterranean Sea and planting them in the Netherlands is a bit too simplistic. Genetic information is needed to figure out whether a plant is compatible.
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                Volunteers and researchers inject seagrass seeds into the sediment with a caulking gun. Credit: University of Groningen, Laura Govers
            
        

    



Why it is important, yet difficult

Attempts at seagrass restoration have been ongoing for decades. This is because seagrasses play a fundamental role as the base for an ecosystem. Seagrass meadows provide shelter and food for marine animals, keep the sediment from eroding, and store a lot of carbon. But once seagrass has disappeared from a place, it's difficult to get new plants to grow back again.


																																						
    
     




																																			This is because seagrass has many beneficial effects on its environment, from which the seagrass benefits in turn: seagrass stabilizes the sediment, traps floating mud particles, dampens the waves, and adds oxygen to the sediment. Unfortunately, these positive effects only occur once a large seagrass meadow has been established. Van der Heide says, "When trying to grow new seagrass, these positive effects are not taking place yet, and there's a great chance the small plants are washed away."



    
        
            [image: Kick-starting seagrass for a climate-proof sea]
             
                3D-printed structures help a vulnerable newly planted seagrass to prosper. Credit: University of Groningen, Eduardo Infantes
            
        

    



The dispenser injection seeding method

Govers says, "Before, seagrass shoots with seeds were hung in the sea in mesh bags and the seed would mostly wash out and get lost. Out of millions of seeds, only a few would successfully grow where they were seeded. With our seed injection method, we've found a way to give these seeds a better chance." Govers investigated exactly at what depth and at what distance from each other these seeds should be injected for optimal results.

Thanks to this method, the largest restored intertidal seagrass meadow worldwide can now be found next to the small Wadden Island Griend. Seagrass meadows can be one of two types: subtidal seagrass always grows underwater, while intertidal seagrass emerges above water during low tide. This last type is typically an annual plant that produces many seeds, which makes it a suitable candidate for the seed injection method.


																																			Govers plants the seeds in collaboration with local and national organizations, but the method has been picked up worldwide and is now used in restoration projects in England, Wales, France, the US, and Australia, to name a few. "Each of these projects makes their own adjustments to our method," Govers explains. "Because what's effective in one system, can be very ineffective in another."
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                Seagrass dampens wave action. Credit: University of Groningen, Laura Govers
            
        

    



Imitating good circumstances

There are fewer success stories about subtidal seagrass--the kind that always grows underwater. These plants are often perennial, and as a result, the positive effects they have on their environment has a bigger factor in their success. "So we thought: can we simulate these positive effects?" Van der Heide says. "This way, we can help the plants to get beyond the difficult first step of establishing a new seagrass meadow."

Van der Heide's biodegradable structures dampen the waves and stabilize the mud. "And it works," he reports. "But for now it is a case of good concept, bad execution." That is because the bioplastic used to produce these structures, in collaboration with the industry, turned out to need a lot of time to degrade. In the meantime they disintegrated, leaving pieces of material floating around in the sea.

But Van der Heide recently obtained a grant to develop new prototypes for seagrass restoration as well as for mussel beds and salt marsh plants. Van der Heide says, "We bought a second-hand robotic arm from a car factory to be able to 3D-print, and we're now going to try to develop new materials as well as new shapes. So I'm becoming an industrial designer as well as an ecologist."
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                Seagrass stabilizes the sediment. Credit: University of Groningen, Marjolijn Christianen
            
        

    



Searching for the best candidates

Seagrass seeds and plants for restoration projects are normally taken from nearby locations, such as the German Wadden area in case of the Dutch Wadden Sea. But, on the basis of the plants' genome, Olsen and her colleagues from Sweden, Germany, and the US are now able to pinpoint specific genes for ecologically important traits. Olsen adds, "This will help to ensure that the right plants are introduced in the right places."

For instance, Olsen and her colleagues can use this information to find out how plants deal with rising temperatures, varying salinity, cloudy water, or ocean acidification. "One of the coolest findings so far," Olsen reports, 'is the fact that genes are often duplicated.' With two of the same gene, the plant can safely 'experiment' with one of them, without the risk of self-extinction."
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                Present distribution and projected end-of-century changes in global macrophyte species diversity. Credit: Nature Communications (2024). DOI: 10.1038/s41467-024-48273-6
            
        

    


Researchers predict that climate change will drive a substantial redistribution of brown seaweeds and seagrasses at the global scale. The projected changes are alarming due to the fundamental role of seaweeds and seagrasses in coastal ecosystems, and provide evidence of the pervasive impacts of climate change on marine life.



										      
																																	In a collaborative study between the University of Helsinki and the EU Joint Research Centre, researchers for the first time have modeled the future distribution of brown seaweeds and seagrasses at the global scale. They predict that by 2100, climate change will drive a substantial redistribution of both groups globally: Their local diversity will decline by 3-4% on average and their current distribution will shrink by 5-6%. More notably, the preferred habitat for both brown seaweeds and seagrasses will undergo a substantial global reduction (78-96%) and will shift among marine regions, with potential expansions into Arctic and Antarctic regions.

The research is published in the journal Nature Communications.

"We find it alarming that coastal areas worldwide will become dramatically less hospitable for habitat-forming macrophytes, as this might have severe and widespread impacts on coastal ecosystem functioning at the global scale. Interestingly, while global percentual declines in diversity show similar trends for seagrasses and brown macroalgae, the regional patterns are strikingly different between the two groups," says Federica Manca, the lead author of the study from the University of Helsinki.


																																						
    
     




																																			Why should we care about seaweeds and seagrasses?

Brown seaweeds and seagrasses provide important ecological and socio-economic services in coastal areas worldwide: They support coastal biodiversity and fisheries, ensure coastal protection, participate in ocean nutrient recycling, contribute to carbon sequestration and climate change mitigation.

As climate change is severely threatening macrophyte habitats and the services they provide, we urgently need to understand how both brown seaweeds and seagrasses will respond to changing climatic conditions in the coming decades.

Previous studies have modeled the future distribution of these habitat-forming macrophytes, focusing on regional or local scales only and on a limited number of species. In contrast, this study is the first to provide a comprehensive view of the effects of climate change on more than 200 species of brown seaweeds and seagrasses at the global scale.

The results show that the redistribution of these habitat-forming marine macrophytes will be geographically heterogeneous, and highlight the regions where the loss of macrophyte diversity and habitat will be most severe, such as the Pacific coast of South America for brown seaweeds, and the coast of Australia for seagrasses. Additionally, researchers have identified macrophyte species that will be more severely affected by climate change, like the Atlantic seaweed Laminaria digitata. The findings can help identify target areas and species for conservation, potentially buffering the impact of climate change.


																																			Surprisingly, and contrary to expectations, the models did not predict severe losses of brown seaweed or seagrass diversity in the tropics but rather at intermediate and high latitudes, such as along the Atlantic coasts of Europe and in the Baltic Sea. This indicates that end-of-century climatic conditions in these regions might exceed the tolerance limits of resident macrophyte species. The Baltic Sea is at the forefront in the rate at which climate change is influencing the ecosystem.

"Combined with a legacy of multiple other disturbances (such as eutrophication) and low species diversity with only a few brown seaweeds and seagrasses, the Baltic Sea is exceptionally vulnerable to these predicted changes," says Alf Norkko, professor at the Tvarminne Zoological Station, University of Helsinki.

"Another surprising--and alarming--result is the dramatic loss of highly suitable habitat for both macroalgae and seagrasses globally: Coastal areas worldwide will become substantially less hospitable for habitat-forming macrophytes," adds Dr. Mar Cabeza from the Global Change and Conservation Group at the University of Helsinki.

The disappearance of these habitat-forming macrophytes can trigger cascading effects on other species, compromising the integrity of entire ecosystems and undermining ecological and socio-economic services important to human society. Thus, forecasting changes in the distribution of habitat-forming species is crucial to raise awareness of climate change impacts and foster conservation efforts accordingly.

"Our findings confirm, once again, that climate change might have profound impacts on ecosystems, promoting rapid and most often detrimental changes to the diversity and resilience of natural communities. In fact, habitat-forming macrophytes support biodiversity through an exceptional diversity of ecological interactions.

"Hence, their projected loss and redistribution might lead to unpredictable cascading effects, most likely resulting in the local extinction of many associated species," says Giovanni Strona from the EU Joint Research Centre.
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												Federica Manca et al, Projected loss of brown macroalgae and seagrasses with global environmental change, Nature Communications (2024). DOI: 10.1038/s41467-024-48273-6
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            [image: Devastating coral bleaching will be more common, start earlier and last longer unless we cut emissions]
             
                Extreme levels (90% coral cover) of coral bleaching, including recent mortality due to bleaching stress, at Russell Island, Great Barrier Reef, in 2017. Credit: Neal Cantin, Australian Institute of Marine Science
            
        

    


Coral bleaching is becoming much more common as a result of increasingly severe and frequent marine heat waves. Four global mass bleaching events have happened since 1998. Two of these were in the past decade.



										      
																																	Unless greenhouse gas emissions are cut to slow global warming, our new research shows that, by 2080, coral bleaching will start in spring, rather than late summer. Some events will last into autumn. The Great Barrier Reef's maximum annual heat stress will double by 2050 if emissions do not slow.

Marine heat waves stress corals, which then expel the symbiotic algae living in their tissue. These corals are left white and weakened. While not all bleached corals die immediately, prolonged heat stress harms their health and reproduction.

Our research used daily data on sea surface temperatures (instead of monthly data that models typically use) and supercomputing to produce high-resolution projections of marine heat waves. We showed the risk of coral bleaching will be greatest along the equator. That's also where the most biodiverse coral reefs are found.

Coral reefs cover only 1% of our oceans, but host at least 25% of all marine species. More than half a billion people worldwide depend on coral reefs for food.

So coral reefs are vital for the health of the ocean and people. They are also among the ecosystems most at risk from climate change.


																																						
    
     




																																			Longer bleaching season will hit spawning

The US National Oceanic and Atmospheric Administration monitors marine heat waves globally. Seasonal coral bleaching alerts are based on this data. Predicting coral bleaching risk over entire decades has proved much more challenging.

Recent improvements in climate modeling now allow marine heat waves and coral bleaching risks to be predicted with high accuracy. Using daily projections of heat stress from many global climate models, we show the severity and duration of coral bleaching will soon reach uncharted territory.

By mid-century coral bleaching is expected to start in spring for most of Earth's reefs, rather than late summer as is typical today. In equatorial regions, corals will be at high risk of bleaching all year round by the end of the century.

In many regions, corals spawn only once a year. These spectacular mass spawning events happen in a single week following a full moon in spring.

By 2040, this spawning event could coincide with severe bleaching risk. This would greatly reduce their reproductive success, causing large-scale coral loss.


																																			Equatorial regions most at risk

We show the future risk of severe coral bleaching is uneven globally.

The greatest risk is along the equator. Equatorial regions are home to the most biodiverse coral reefs, including conservation hotspots such as the Coral Triangle. To make matters worse, marine life in these regions is particularly vulnerable to accelerated climate change.

Many equatorial species are already living at temperatures near their upper tolerance. They also generally have low abilities to move to track shifting climates. This leaves them at high risk of extinction.



Our research shows equatorial regions are set to benefit least from efforts to curb emissions. We expect significant emission cuts will reduce the annual duration of severe bleaching conditions in all areas except these regions.

The projected highest climate impacts coincide with highest social reliance on coral reefs. This will challenge human populations that rely heavily on their local reefs for their livelihoods and nutrition.


																																						
    
     




																																			Improving coral reef management

Our research identifies Earth's reef regions that are at lowest risk of increased bleaching. This will help conservation managers and policymakers prioritize efforts to limit loss of coral reef biodiversity.

We predict much less risk of coral bleaching in regions such as the northern coasts of Venezuela and Colombia, Socotra Island (opposite the Gulf of Aden) and Alor Kecil in Indonesia. Seasonal upwellings occur here, bringing cooler water to the surface that's likely to limit the severity of heat waves.

Identifying these future havens for coral reefs will help maximize the success of coral conservation strategies such as assisted evolution, coral restoration or transplantation.

These strategies can help maintain healthy coral populations at local scales, particularly if used on reefs where future climate impacts will be lower. By pinpointing these havens, our research will strengthen coral conservation.

Our research includes a user-friendly web-based tool for mapping future coral bleaching. It will help pinpoint locations for effective management interventions.

Curbing greenhouse gas emissions is the main solution to reduce future climate impacts on corals. However, other strategies are also vital to maximize coral reefs' adaptation to climate change.
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Researchers develop deep-learning model that outperforms Google AI system to predict peptide structures
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                Schematic of the PepFlow architecture. Credit: Nature Machine Intelligence (2024). DOI: 10.1038/s42256-024-00860-4
            
        

    


Researchers at the University of Toronto have developed a deep-learning model, called PepFlow, that can predict all possible shapes of peptides--chains of amino acids that are shorter than proteins, but perform similar biological functions.



										      
																																	PepFlow combines machine learning and physics to model the range of folding patterns that a peptide can assume based on its energy landscape. Peptides, unlike proteins, are very dynamic molecules that can take on a range of conformations.

"We haven't been able to model the full range of conformations for peptides until now," said Osama Abdin, first author on the study and recent Ph.D. graduate of molecular genetics at U of T's Donnelly Centre for Cellular and Biomolecular Research. "PepFlow leverages deep-learning to capture the precise and accurate conformations of a peptide within minutes. There's potential with this model to inform drug development through the design of peptides that act as binders."

The study was published today in the journal Nature Machine Intelligence.

A peptide's role in the human body is directly linked to how it folds, as its 3D structure determines the way it binds and interacts with other molecules. Peptides are known to be highly flexible, taking on a wide range of folding patterns, and are thus involved in many biological processes of interest to researchers in the development of therapeutics.

"Peptides were the focus of the PepFlow model because they are very important biological molecules and they are naturally very dynamic, so we need to model their different conformations to understand their function," said Philip M. Kim, principal investigator on the study and a professor at the Donnelly Centre. "They're also important as therapeutics, as can be seen by the GLP1 analogs, like Ozempic, used to treat diabetes and obesity."


																																						
    
     




																																			Peptides are also cheaper to produce than their larger protein counterparts, said Kim, who is also a professor of computer science at U of T's Faculty of Arts & Science.

The new model expands on the capabilities of the leading Google Deepmind AI system for predicting protein structure, AlphaFold. PepFlow can outperform AlphaFold2 by generating a range of conformations for a given peptide, which AlphaFold2 was not designed to do.

What sets PepFlow apart is the technological innovations that power it. For instance, it is a generalized model that takes inspiration from Boltzmann generators, which are highly advanced physics-based machine learning models.

PepFlow can also model peptide structures that take on unusual formations, such as the ring-like structure that results from a process called macrocyclization. Peptide macrocycles are currently a highly promising venue for drug development.

While PepFlow improves upon AlphaFold2, it has limitations of its own, being the first version of a model. The study authors noted a number of ways in which PepFlow could be improved, including training the model with explicit data for solvent atoms, which would dissolve the peptides to form a solution, and for constraints on the distance between atoms in ring-like structures.

PepFlow was built to be easily expanded to account for additional considerations and new information and potential uses. Even as a first version, PepFlow is a comprehensive and efficient model with potential for furthering the development of treatments that depend on peptide binding to activate or inhibit biological processes.

"Modeling with PepFlow offers insight into the real energy landscape of peptides," said Abdin. "It took two-and-a-half years to develop PepFlow and one month to train it, but it was worthwhile to move to the next frontier, beyond models that only predict one structure of a peptide."


																																																					
																				
																						More information:
												Osama Abdin et al, Direct conformational sampling from peptide energy landscapes through hypernetwork-conditioned diffusion, Nature Machine Intelligence (2024). DOI: 10.1038/s42256-024-00860-4
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                The fossil site is nestled in the Princess Margaret Mountains of Axel Heiberg Island. Credit: James Basinger
            
        

    


In a new study, scientists describe three new, but long-extinct, walnut species on an island above the Arctic Circle. The fossils were discovered further north than any known walnut species, living or extinct, and represent some of the oldest-known records of this group. The work is published in the International Journal of Plant Sciences.



										      
																																	Today, the Canadian island of Axel Heiberg is a frozen desert devoid of nearly all life. But 45 million years ago, it supported a lush rainforest on the shores of the Arctic Ocean. Since then, the forest has been buried first beneath layers of sediment, then accumulated ice, leaving it frozen in time.

"When you walk into the site, the first thing you notice are these big stumps, a meter or more in diameter, and they're still rooted in the soil that they grew in. It's completely out of place. The closest living trees are 3,000 kilometers away," said study co-author James Basinger, professor emeritus of geological sciences at the University of Saskatchewan.

The stumps are so conspicuous, they can be spotted from the air. In 1985, staff from the Geological Survey of Canada discovered the Axel Heiberg fossil forest while conducting a survey of the area from a helicopter. A year later, paleobotanists returned to the site and found fossils unlike anything they'd seen before.

"There aren't really that many places around where you can go to see fossils that are preserved that well," said Steven Manchester, lead author of the study and curator of paleobotany at the Florida Museum of Natural History.

In most cases, fossilization is characterized by organic matter being replaced with minerals over time. In other cases, organic matter is heated and compressed into coal or burned in forest fires and preserved as charcoal. But this isn't the case with the Axel Heiberg fossils. The wood, leaves, cones, nuts and fruit are seemingly unchanged. This unique form of preservation is referred to as mummification, and it only takes place under a very specific and rare set of circumstances.


																																						
    
     




																																			"Things can be broken down by bacteria and fungi, they can be rumbled along in a riverbed and destroyed; there are lots of ways of losing the material before it becomes fossilized," Basinger said. But the ancient forests on Axel Heiberg were buried rapidly under swamp and lake sediments. As the global climate cooled, these processes were slowed.

Basinger was among the first researchers to study the forest. The Arctic's barren surfaces and strong winds made it remarkably easy to collect specimens. "You can see a few fossils on the surface and pick what you can. But you go back next year, when there's been a little erosion, and there's a few more on the surface. Over a number of years, you can actually get a large collection," he said.

The walnuts had been eroded from the soil and were sitting on the surface. "In one case, the walnuts are concentrated at one spot, possibly cached there by animals," Basinger said. Some of the fossil nuts also have gnawed holes, indicating they were a food source for local animals.

Over a period of fifteen years, Basinger and his colleagues retrieved over a thousand nut and seed fossils and returned with them to Saskatchewan to be studied.
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                Three new species of walnuts have been found above the Arctic Circle, remnants of a time when the North and South Poles were covered in forests. Credit: Florida Museum, Jeff Gage
            
        

    



Visualizing a globally warm planet

If you looked back 45 million years ago to the middle Eocene, the Earth's poles would be unrecognizable. At the time, Antarctica and the Arctic Circle were warm and blanketed with forests, in stark contrast to the freezing deserts that we associate with the region today.

Due to their high latitude, polar regions had relatively short growing seasons, but they made up for it with exceptionally long summer days, receiving up to twenty hours of sunlight. Inversely, the winters were characterized by near-total darkness, yet temperatures seldom reached freezing.

Paleontology and geology records indicate there was more CO2 in Earth's atmosphere at the time, which resulted in temperatures that were much higher than they are now. This global greenhouse, in turn, created warm ocean circulations that kept the Arctic Ocean free of ice.

"The far north supported redwood-style forests," Basinger said. There were cypress swamps and upland forests, where statuesque trees grew up to 40 meters in height. The canopy included dozens of trees, such as redwoods, cedars, hickories, pines, spruces, hemlocks, larches, birches, ginkgos and, of course, walnuts.


																																			What we can learn from the Axel Heiberg walnuts

As an expert in the evolutionary history of the walnut family, Manchester helped bring the decades-long project to completion. He performed CT scans on walnuts from the island and described three previously unknown species.

"The CT scans allow us to show details of the internal structure of these nuts that were once really hard to get," Manchester said. Before CT scanners, traditional methods for studying fossils involved tediously dissecting and slicing the specimens in various orientations, destroying them in the process.

After scanning several of the most completely preserved fossils, Manchester compared them to walnuts from both modern and extinct walnut species. National repositories, like iDigBio, allow researchers to easily locate museum specimens stored anywhere in the United States. The fossils didn't match anything that had yet been discovered and were thus found to represent three new species in the genus Juglans.

Based solely on genetic data from living species, researchers once thought the walnut family originated somewhere in Asia. More recently, however, fossil data indicates they instead first appeared in the warm, moist environments of North America or Europe. As the family diversified, some species adapted to cooler conditions, which allowed them to extend their range into higher latitudes.

The fossils from this study add a clearer picture of how walnuts evolved during periods of intensely shifting climates and where our modern species came from.


																																																					
																				
																						More information:
												Steven R. Manchester et al, Arctic walnuts! Nuts of Juglans (Juglandaceae) from the middle Eocene of Axel Heiberg Island, Northern Canada, International Journal of Plant Sciences (2024). DOI: 10.1086/730541
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DeepEvo: An 'intelligent' strategy for engineering customized proteins

										

    
        
            [image: DeepEvo: An "intelligent" strategy for engineering customized proteins]
             
                A schematic diagram representing the framework and data flow of DeepEvo. Credit: Huanyu Chu et al.
            
        

    


Engineering proteins for desirable traits has been the holy grail of modern biotechnology. For example, the food industry can benefit from engineered enzymes which have the ability to enhance biochemical reactions at higher temperatures, as compared to natural enzymes. This can save valuable resources such as labor, money, and time. However, the process of arriving at a functional protein of interest with the desired trait presents significant challenges.



										      
																																	Current protein engineering approaches, such as directed evolution, rely heavily on chance to narrow down ideal variants of the protein of interest. Directed evolution uses repeated introductions of protein sequence alterations called mutations (iterative mutagenesis) followed by quick screening of large numbers of the variant proteins (high-throughput screening). Not surprisingly, this method is labor-intensive and inefficient.

To overcome these limitations, a group of researchers from China led by Dr. Huifeng Jiang from the Tianjin Institute of Industrial Biotechnology at the Chinese Academy of Sciences and National Center of Technology Innovation for Synthetic Biology, developed a protein engineering strategy predicated on artificial intelligence called "DeepEvo."

Explaining further, Dr. Jiang states, "DeepEvo uses a deep evolution strategy, combining principles of deep learning--a process that emulates how the living brain functions--and evolutionary biology." The study was published online in BioDesign Research on 20 March 2024.

The researchers applied DeepEvo for engineering high-temperature tolerance in an enzyme called glyceraldehyde-3-phosphate dehydrogenase (G3PDH). G3PDH breaks down glucose to generate energy during glycolysis in living cells. When the team experimentally validated the DeepEvo results, they achieved a promising success rate of over 26%.


																																						
    
     




																																			In the study, the data used for DeepEvo involved sequences from organisms with varying optimal growth temperatures (OGT) and naturally occurring sequences with desired functions. The developed DeepEvo strategy comprised a selector (Thermo-selector) and a variant generator (Variant-generator) to yield functional protein sequences incorporating the desired trait.

While the selector acted as a selective pressure to enrich the desired protein sequences, the variant generator produced these sequences--in this case, G3PDH variants with high-temperature tolerance. The sequences labeled with OGT trained the Thermo-selector, while those with the desired function trained the Variant-generator. The Thermo-selector filtered sequences, guiding the Variant-generator.

Notably, a protein language model--a type of deep learning model--formed the basis for the Thermo-selector used in this study. Such models are trained on vast amounts of real-world protein sequence data to learn the patterns and features inherent in those sequences. This developed selector uses a learned representation of protein sequences to guide the generation and selection of sequences with the desired trait.

Furthermore, the researchers accumulated high-temperature tolerance traits in the protein sequences through an iterative process involving the generator and selector. Iterative refinement of sequences predicted as high-temperature tolerant formed a cycle of sequence generation.

Explaining further, Dr. Jiang adds, "The iterative process involved in DeepEvo mimics the process of natural selection, where functional sequences are favored and accumulated over successive generations, ultimately leading to the development of protein variants with the desired properties."


																																			Consequently, the researchers verified the predicted high-temperature tolerant protein sequences conserving functional motifs through wet lab experiments. From the 30 generated sequences, they obtained eight variants, thus highlighting the high efficiency of DeepEvo in engineering proteins with high-temperature tolerance.

Going ahead, DeepEvo could aid the selection of diverse traits of interest, not just high-temperature tolerance. In this regard, Dr. Jiang remarks, "We could apply the DeepEvo approach for engineering other protein properties such as acid-base tolerance, catalytic activity, and antigen affinity, facilitating the generation of new proteins with multiple desired properties."

DeepEvo has thus, paved the way for efficient protein engineering, all thanks to the efforts of Dr. Jiang and his research group. Easy and efficient production of proteins customized for desired traits may soon become a reality.


																																																					
																				
																						More information:
												Huanyu Chu et al, High-Temperature Tolerance Protein Engineering through Deep Evolution, BioDesign Research (2024). DOI: 10.34133/bdr.0031
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Innovative UAV and deep learning method enhances maize tassel detection accuracy
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                Flowchart for the detection and identification of maize tassel states in maize hybridization fields. Credit: Jianjun Du et al
            
        

    


A research team has developed an innovative method utilizing unmanned aerial vehicles (UAVs) and deep learning techniques to accurately identify tassel states in maize hybridization fields before and after manual detasseling. This approach significantly enhances tassel detection accuracy, achieving up to 98%, by using specific annotation and data augmentation strategies. This research holds significant value for improving tassel detection in agricultural fields, potentially reducing manual labor and increasing crop management efficiency through advanced UAV-based analysis systems.



										      
																																	Maize is one of China's most important crops, and monitoring the tasseling stage is crucial for maize breeding operations. Recent advances in UAV technology have made them valuable for detailed crop monitoring. However, the large amounts of image data generated pose significant processing challenges. Current methods using CNN-based deep learning frameworks for tassel detection face difficulties with data acquisition and labeling, and traditional image processing techniques have limited effectiveness.

A study published in Plant Phenomics on 7 May 2024, aims to address these challenges by developing accurate detection models and annotated datasets for the dynamic growth stages of maize tassels.

This research selected an appropriate model for practical tassel detection applications by evaluating different versions of the RTMDet network model. Firstly, the computational resources required for model deployment were identified, considering the parameter sizes and resource requirements. The models were then assessed for object recognition accuracy, particularly mAP@0.5, recognizing differences in accuracy across object categories. Inference speed was also evaluated, crucial for real-time applications.

The RTMDet models, from Tiny to X versions, were trained on the NSL-C dataset. The average detection accuracy differed by a maximum of 1.1%, with the X version generally performing best, except for Tassel-L detection where the L version excelled. The S version was selected for its balanced performance and resource efficiency.


																																						
    
     




																																			Further, the RTMDet-S models were trained on NSL-A, NSL-B, and NSL-C datasets to evaluate their accuracy in detecting tassels at different growth stages. Tests using the NSL-T dataset showed that the RTMDet-NSL-C model achieved the best overall performance, especially in detecting Tassel-N at 99.8% accuracy and Tassel-S with minimal error. This method proved effective in accurately identifying tassel states in UAV images, providing a robust solution for real-time maize tassel monitoring and management.

According to the study's lead researcher, Chunjiang Zhao, "This study, which is tailored to real-world application scenarios, provides new insights into the analysis of tassel states in maize hybridization fields using drones. As a result, a novel intelligent system based on UAV remote sensing image can be developed in the future for rapid, large-scale semantic analysis of maize hybridization fields, which will reduce the reliance on manual field surveys and assist managers in their decision-making."

In summary, this study introduces an innovative method for assessing maize tassel condition using UAV imagery and deep learning. This research paves the way for developing intelligent systems based on UAV remote sensing imagery, enabling rapid, large-scale analysis of maize hybridization fields and reducing reliance on manual surveys, ultimately assisting in more efficient crop management and decision-making.


																																																					
																				
																						More information:
												Jianjun Du et al, Detection and Identification of Tassel States at Different Maize Tasseling Stages Using UAV Imagery and Deep Learning, Plant Phenomics (2024). DOI: 10.34133/plantphenomics.0188
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Last surviving woolly mammoths were inbred but not doomed to extinction, genomic analysis suggests
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                Wrangel Island tusk. Credit: Love Dalen
            
        

    


The last population of woolly mammoths was isolated on Wrangel Island off the coast of Siberia 10,000 years ago, when sea levels rose and cut the mountainous island off from the mainland.



										      
																																	A new genomic analysis reveals that the isolated mammoths, who lived on the island for the subsequent 6,000 years, originated from at most eight individuals but grew to 200-300 individuals within 20 generations.

The researchers report June 27 in the journal Cell that the Wrangel Island mammoths' genomes showed signs of inbreeding and low genetic diversity but not to the extent that it can explain their ultimate (and mysterious) extinction.

"We can now confidently reject the idea that the population was simply too small and that they were doomed to go extinct for genetic reasons," says senior author Love Dalen, an evolutionary geneticist at the Center for Paleogenetics, a joint collaboration between the Swedish Museum of Natural History and Stockholm University.

"This means it was probably just some random event that killed them off, and if that random event hadn't happened, then we would still have mammoths today."

In addition to shedding light on woolly mammoth population dynamics, this analysis of Wrangel Island mammoths could help inform conservation strategies for present-day endangered animals.

"Mammoths are an excellent system for understanding the ongoing biodiversity crisis and what happens from a genetic point of view when a species goes through a population bottleneck because they mirror the fate of a lot of present-day populations," says first author Marianne Dehasque of the Center for Paleogenetics.


																																						
    
     




																																			To understand the genomic consequences of the Wrangel Island bottleneck on the mammoth population, the team analyzed the genomes of 21 woolly mammoths--14 from Wrangel Island, and seven from the mainland population that predated the bottleneck. Altogether, the samples spanned the last 50,000 years of the woolly mammoth's existence, providing a window into how mammoth genetic diversity changed through time.

Compared to their mainland ancestors, the Wrangel Island mammoth genomes showed signs of inbreeding and low genetic diversity. In addition to overall low genetic diversity, they showed reduced diversity in the major histocompatibility complex, a group of genes known to play a critical role in the vertebrate immune response.

The researchers showed that the population's genetic diversity continued to decline throughout the 6,000 years that the mammoths inhabited Wrangel Island, though at a very slow pace, suggesting that the population size was stable up until the very end. And although the island's mammoth population gradually accumulated moderately harmful mutations throughout its 6,000-year tenure, the researchers showed that the population was slowly purging the most harmful mutations.

"If an individual has an extremely harmful mutation, it's basically not viable, so those mutations gradually disappeared from the population over time, but on the other hand, we see that the mammoths were accumulating mildly harmful mutations almost up until they went extinct," says Dehasque.


																																			"It's important for present day conservation programs to keep in mind that it's not enough to get the population up to a decent size again; you also have to actively and genetically monitor it because these genomic effects can last for over 6,000 years."

Though the mammoth genomes analyzed in this study straddle a large timespan, they do not include the final 300 years of the species' existence. However, the researchers have unearthed fossils from the mammoth's final period and plan to conduct genomic sequencing in the future.

"What happened at the end is a bit of a mystery still--we don't know why they went extinct after having been more or less fine for 6,000 years, but we think it was something sudden," says Dalen. "I would say there is still hope to figure out why they went extinct, but no promises."


																																																					
																				
																						More information:
												Temporal dynamics of woolly mammoth genome erosion prior to extinction, Cell (2024). DOI: 10.1016/j.cell.2024.05.033. www.cell.com/cell/fulltext/S0092-8674(24)00577-4
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Bonnet mushrooms have 'expanded' genomes to make them more adaptable to multiple lifestyles, study finds
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                M. haematopus. Credit: Christoffer Harder
            
        

    


A study of multiple Mycena mushroom species, also known as "bonnets," reported in the journal Cell Genomics on June 27 has found that they have unexpectedly large genomes.



										      
																																	While the mushrooms had been thought to live by degrading dead organic material alone, the discovery suggests that they may instead have a collection of genes to enable them to adapt to different lifestyles as circumstances change, according to the researchers. Interestingly, they show that certain Mycena strains living in the Arctic have some of the largest mushroom genomes ever described.

"As a group, Mycena have simply used every possible known trick from the playbook to expand their genomes and apparently for multiple different purposes that are not obviously connected to their known, supposedly preferred lifestyle," says Christoffer Bugge Harder.

With an original base for the work at the University of Oslo, Norway, he served as the lead author of a 28-person author team from universities in seven countries.

"Evolution tells us that non-advantageous traits tend to disappear over time, so an obvious implication is that adaptability and generalism in those large genome structures must be an advantage for these fungi," says Francis Martin of the INRAE and the University of Lorraine in Champenoux, France.

"This is despite the costs of having a large genome with lots of possibly unnecessary features that must be replicated in each cell division. This may be particularly true in an extreme environment like the Arctic, as also seen in plants."

The researchers set out to study Mycena based on their role as a main mushroom decomposer of litter and leaves in forest ecosystems. Despite their tiny fruiting bodies, Mycena have an important role in the global carbon cycle.


																																						
    
     




																																			This group of mushrooms had long been thought to live purely on dead organic material, but more recently it was found some species also make a living through cooperative or parasitic interactions with living plants.

Mycenas are also bioluminescent--i.e., they glow in the dark--and earlier work describing the genomes of five Mycena species had investigated this phenomenon. To learn more about their direct lifestyle habits, the researchers now wanted to study a broad palette of Mycena species with different preferences for substrates.

In the new study, they generated new genome sequences for 24 additional Mycena species and a related species now known as Atheniella floridula. The genomes were sequenced and annotated through the DOE Joint Genome Institute's Community Science Program. The work is part of the 1000 Fungal Genomes project, which aims to explore genome diversity both across and within different groups of fungi, in this case the genus of Mycena.

The species included represent six decayer categories: wood generalists, broadleaf wood decayers, grass litter generalists, broadleaf litter decayers, coniferous litter decayers, and overall litter generalists. It also included three Arctic species.

They added their new genomes to 33 additional genomes from non-Mycena species. They wanted to understand how the genomes had evolved and expanded over evolutionary time and how species might differ in plant cell-wall-degrading enzymes based on their lifestyle habits.
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                Mycena epipterygia. Credit: Arne Aronsen
            
        

    



They were surprised to find that Mycena showed massive genome expansions overall, affecting all gene families regardless of their expected habits.

The expansion appeared to be driven by the emergence of novel genes as well as gene duplications, enlarged collections of genes that produce enzymes for degrading polysaccharides, the proliferation of transposable elements, and horizontal gene transfers from other fungal species.


																																			They also found that two species collected in the Arctic had the largest genomes by far, at a size that is two to eight times bigger than Mycena living in temperate zones.

"It was a particular surprise that both that the Arctic genomes were so especially expanded on top of the general Mycena expansion--and that Mycena had horizontally transferred genes from Ascomycetes," Harder says.

"Those species are also found in temperate areas, and we cannot see conclusively from our results whether these species are large because of a specific species effect or because of an Arctic effect."

However, some Arctic plants have been shown to inflate their genomes with transposable elements or simply duplicate their entire genomes altogether compared to their close relatives in temperate areas, and it is of course tempting to suggest that a similar parallel evolution could be happening in Arctic mushrooms.

"The evolutionary transition from decomposer to symbiotic fungi is generally believed to have happened in parallel in several fungal groups throughout the course of evolution millions of years ago," says Havard Kauserud of the University of Oslo, Norway. "However, with Mycena, we appear to be seeing this gradual process in action happening right in front of our eyes."

"We know from other lines of research that Mycena, contrary to many other fungi, can adopt more than one possible lifestyle. The findings suggests that these multiple possible lifestyles are reflected in their genome structures, too," Harder says.

The findings also have important implications for efforts to understand an organism's habits from their genome sequences alone.

"This serves as a reminder that one cannot always easily deduce the main ecology or lifestyle of a fungus just from sequencing their genomes," Martin said.

"This is quite important to remember in an age where DNA sequencing is becoming cheaper and cheaper and more and more ubiquitous while traditional hands-on organism knowledge is less widespread in younger generations of biologists and harder to obtain funding for."


																																																					
																				
																						More information:
												Extreme overall mushroom genome expansion in Mycena s.s. irrespective of plant hosts or substrate specialisations, Cell Genomics (2024). DOI: 10.1016/j.xgen.2024.100586. www.cell.com/cell-genomics/ful ... 2666-979X(24)00170-8
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To protect corals from heat waves, we should help their microbial symbionts evolve heat tolerance, researchers say
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Most coral reef restoration efforts involve restocking reefs with nursery-grown corals. However, if these corals are of the same stock as their wild counterparts, they will be equally vulnerable to the heat stress that caused the bleaching event in the first place.



										      
																																	In a review publishing June 27 in the journal Trends in Microbiology, researchers discuss the potential of improving corals' chances by inducing the evolution of heat tolerance in their symbionts--the mutualistic microbes that provide corals with nutrients in exchange for shelter and that are expelled during coral bleaching.

"Although heat-tolerant and -sensitive symbiont species occur in nature, even corals that harbor naturally tolerant symbionts have been observed to bleach during summer heat waves," write the authors, a team of marine scientists and bioengineers from Australia and New Zealand, including senior author Madeleine van Oppen of the Australian Institute of Marine Science and the University of Melbourne.

"Experimental evolution of Symbiodiniaceae offers a means to shift their thermal tolerance limit upward, increasing host resistance to bleaching."

To induce the evolution of heat-tolerance, researchers culture coral symbionts in the lab and expose successive generations to gradually increasing temperature, which maintains a selective pressure, so with each new generation, more heat-tolerant individuals are more likely to survive and reproduce.

"A critical decision about the efficacy of this intervention will revolve around determining whether field-deployed corals inoculated with heat-evolved symbionts exhibit greater tolerance to summer heat waves compared with their native counterparts because all observations so far have been made in the lab," they write.


																																						
    
     




																																			Methods for culturing the symbionts will also need to be scaled up dramatically if this strategy is to be used at the necessary scale. "Research cultures are typically in the milliliter to liter volumes, yet thousands of liters would be required to inoculate millions of coral recruits reared from multiple reefs or regions," the authors write.

The authors note that researchers may fine tune culture conditions for mass production of Symbiodiniaceae by taking inspiration from large-scale culturing of microalgae for biotechnological applications (while preventing yield loss).

Experimental evolution of Symbiodiniaceae would be most effective in coral restoration efforts if used in conjunction with other measures, such as assisted gene flow, managed breeding of corals, and manipulation of coral-associated bacteria.

"All these interventions will be critical in maximizing the likelihood that coral reefs persist into the future, but it is imperative that these occur in tandem with significant emissions reductions and science-based reef management," they write.


																																																					
																				
																						More information:
												The use of experimentally evolved coral photosymbionts for reef restoration, Trends in Microbiology (2024). DOI: 10.1016/j.tim.2024.05.008
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Researchers complete genus overview for 55 species of silk plants
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                Orthosia retinaculata (Schltr.). Credit: H.A. Keller, Facultad de Ciencias Forestales, Universidad Nacional de Misiones, Instituto de Botanica del Nordeste, Corrientes
            
        

    


Flowers of the genus Orthosia are small but rich in detail. After decades of research, plant systematics researchers at the University of Bayreuth have now presented a complete overview of the genus for the first time. A total of 55 species were identified and described, twice as many as expected.



										      
																																	All information about a plant is linked to its Latin species name and can be accessed in databases via this name. It is therefore essential that the same name is understood worldwide. Re-analyzing a previously insufficiently studied genus therefore means compiling all the available information, supplementing missing data and reorganizing the information according to the latest findings based on molecular phylogenetic studies.

Although the angiospermous plants are among the best-studied organisms, there are still groups among them whose diversity, distribution and phylogeny are largely unexplored.

Prof. Dr. Sigrid Liede-Schumann and PD Dr. Ulrich Meve from the Plant Systematics working group at the University of Bayreuth began studying the little-studied milkweed plants (Asclepiadoideae) of tropical America more than 20 years ago.

Now, for the first time, they have been able to present a comprehensive overview of the genus Orthosia with 55 species, which is distributed from Florida and Mexico to Argentina. The research is published in the journal Annals of the Missouri Botanical Garden.

The work is based on the examination of herbarium specimens and living material. It includes a genetic and phylogenetic analysis of about half of the Orthosia species and a comprehensive description and illustrations of each individual species. Identification keys for each of the three main distribution areas, South America, Central America and the Caribbean, are provided.


																																						
    
     




																																			Compared to previous estimates, the number of species in the genus Orthosia has almost doubled, which is partly due to the description of new, previously unknown species. One of these new species is Orthosia micrantha from Venezuela, which, with a flower diameter of less than one millimeter, has the smallest flower known to date within its plant family.

In addition, the application of modern phylogenetic methods has shown that groups that were previously understood as widespread species are now divided into morphologically very similar, but geographically restricted subgroups that are not directly related to each other.

Available species names, which are linked to a precise species description, represent the key to all known information about a plant, such as distribution, uses and chemical constituents. The revision of the genera of these South American climbing plants by the Bayreuth botanists thus contributes to a better understanding of the composition and evolution of the South American flora.


																																																					
																				
																						More information:
												Sigrid Liede-Schumann et al, Toward a Revision of the Genus Orthosia (Apocynaceae: Asclepiadoideae: Asclepiadeae), Annals of the Missouri Botanical Garden (2024). DOI: 10.3417/2024795
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Researchers compile Cacao Gene Atlas to help plant breeders boost chocolate tree
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                The Cacao Gene Atlas is a genomics resource freely available to the public. Researchers can use the atlas to simulate how knocking out or enhancing a gene may influence the chocolate tree, allowing them to test hypotheses without the expense or time of growing the plant. Credit: Mark Guiltinan/Penn State
            
        

    


Cacao, the chocolate tree, is one of the world's most important economic crops, generating hundreds of billions of dollars annually. However, cocoa is affected by a range of pests and diseases, with some estimates putting losses as high as 30% to 40% of global production.



										      
																																	Now, a team led by researchers at Penn State has created a genetic information resource to help plant breeders develop resistant strains of cacao that can be grown sustainably in its native Amazon and elsewhere, such as the tropical latitudes of Central and South America, the Caribbean, Africa and Asia.

In findings published June 26 in BMC Plant Biology, the team described the Cacao Gene Atlas, a huge, compiled dataset of replicated transcriptomes the researchers started in 2016.

Transcriptomes are the protein-coding part of the organism's genome that can be analyzed by researchers to determine when and where each gene is turned on or off in cells and tissues. The researchers' long-term goal is to accelerate breeding to develop high-yielding elite varieties of cacao.

The Cacao Gene Atlas, which contains 11.2 million gene expression data points, is a genomics resource freely available to the public, according to team leader Mark Guitinan, J. Franklin Styer Professor of Horticultural Botany and professor of plant molecular biology in Penn State's College of Agricultural Sciences.

Researchers can use the atlas to simulate how knocking out or enhancing a gene may influence the plant, allowing them to test hypotheses without the expense or time of growing the plant.


																																						
    
     




																																			"In seconds, the atlas can be used to display expression patterns of any cacao gene throughout the lifecycle of cacao--this will aid in the discovery of genes for important traits and to accelerate breeding for new varieties of cacao far into the future," he said.

"The atlas can be expanded in the future by adding new data as it becomes available. Ultimately, we hope this serves the cacao farmers of the world by helping them combat plant disease and to produce quality cocoa beans for industry."

Cacao is sometimes called an orphan crop because there are not as many genetic resources readily available for the chocolate tree as for crops such as corn, rice or cotton. This research changes that dynamic, according to co-first author Evelyn Kulesza, doctoral degree candidate in plant biology.

"For those other crops, genomic resources already exist for scientists to use for various gene analyses," she said. "We created this resource that allows many other cacao scientists around the world to easily conduct research. We expanded the knowledge base, and it allows other scientists who maybe don't have the monetary support or lab space to conduct experiments to test how different genes behave."

"We extracted RNAs and sequenced transcriptomes from 123 different tissues and stages of development representing major organs and developmental stages of the cacao lifecycle," Thomas said. "In addition, we performed several experimental treatments and time courses to measure gene expression in tissues responding to biotic and abiotic stressors."

To promote wider use of the information, the researchers also made all raw gene-sequencing data, gene-expression mapping matrices, scripts and other relevant specifics used to create the atlas freely available online. The researchers developed a gene-expression browser with graphical user interface to display gene-expression patterns and to provide easy access to raw data and statistical analyses.


																																																					
																				
																						More information:
												Evelyn Kulesza et al, The cacao gene atlas: a transcriptome developmental atlas reveals highly tissue-specific and dynamically-regulated gene networks in Theobroma cacao L, BMC Plant Biology (2024). DOI: 10.1186/s12870-024-05171-9
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Breakthrough on tar spot pathogen enables field research
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                Image of corn tar spot. Credit: Jose E. Solorzano
            
        

    


University of Minnesota researchers developed and reported processes for the first time to infect corn plants in the field with the corn tar spot pathogen, a relatively new disease threatening corn production across the United States.



										      
																					The new and novel process makes it possible for scientists to conduct research in the field--a critical step in better understanding the disease that first emerged in Minnesota in 2019.

The research is published in the journal Plant Disease.

"Tar spot is a challenging pathosystem, and corn tar spot season has begun this year with the first reports coming from Kansas, Iowa, and Missouri," said lead author Jose E. Solorzano, a graduate student at the University of Minnesota. "We have figured out how to induce the disease in controlled and field environments, which enhances our research and understanding of the disease, and we expect it will help other researchers as well."

The study describes how to collect, store, prepare and apply inoculum to corn foliage to induce infection in the field. The study also provides novel insights into tar spot's incubation, latent and infectious periods.

The researchers found:


	A single inoculation event can initiate tar spot and subsequent spread of the disease.

	Inoculum stored at -20 degrees Celsius for 10 months can remain viable and lead to infection.

	Tar spot can develop and spread in drier and less humid environmental conditions that were not previously considered conducive for this disease.



"Corn tar spot is a new and emerging disease that is poorly understood. This work advances the capacity to conduct research leading to improved understanding and management of this disease," said co-author Dean Malvick, a professor in the College of Food, Agricultural and Natural Resource Sciences.

The researchers will continue to study the biology of the tar spot-causing pathogen and the pathogen's host range to develop improved management strategies.


																														
																				
																						More information:
												Jose E. Solorzano et al, Foliar inoculation of Phyllachora maydis into corn induces infection and local spread in field environments, Plant Disease (2024). DOI: 10.1094/PDIS-02-24-0367-SC
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Invasive ants spread by hitchhiking on everyday vehicles
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                Ants found on the inside of a car, hitching a ride to find a new home. Credit: Scotty Yang for Virginia Tech
            
        

    


Insects are masters of transportation and get around by flying, crawling, swimming, burrowing, and even gliding. Now, ants have been observed using a new method of getting around: hitchhiking. These social insects pack up the whole family, including their queen, and hop in the car for an opportunistic ride to a new area where they can set up a home.



										      
																																	Scotty Yang, assistant professor in the Virginia Tech Department of Entomology within the College of Agriculture and Life Sciences, recently published a paper in Ecological Entomology describing this automotive phenomenon.

His observations of this ant behavior spanned 2017-2023, when he observed nine species of ants hitchhiking on personal vehicles. Of these nine species, seven were considered invasive to the places they were found.

It has been well documented that insects can hitch a ride on vehicles, but typically the research focuses on agricultural machinery or the trucking industry. Yang's work is the first to look at ants hitching on everyday vehicles.

Yang's study was a citizen science effort that incorporated social media reports from people throughout Taiwan. The work primarily studied ant populations and their hitchhiking on the island, and it included examples of species such as the ghost ant and the black cocoa ant. In the study, factors such as the time of year, weather, type of car, location, duration of stay, and number of ants were examined to better understand the patterns which gave rise to a successful hitchhiker colony.

"We saw social media posts where people were devastated about finding their cars covered in ants," Yang said. "Although we felt sorry for them, we wanted to examine whether these events had anything in common."


																																						
    
     




																																			Based on the data collected, Yang learned that hitchhiking ants need three main things to succeed: The ants must be able to climb the surface of the vehicle, the ants must be exhibiting foraging/colonizing behaviors, and the ants must be able to withstand the temperature of the part of the vehicle they settle in.

Tracking invasive insects and how they spread is an important subject for entomologists because these creatures can represent threats to native species of plants and animals. The spread of invasive ants was previously thought to occur primarily through the transport of agricultural, arboreal, and horticultural materials such as logs, plants, and dirt. The impact of noncommercial transport of ants was poorly understood.

Most personal vehicles offer no real food or shelter, but when ants live in overcrowded colonies, they look to leave and find a new, bigger home. Native species of ants tend to face these pressures less frequently, meaning invasive species are more likely to hitchhike, further dispersing these insects into new areas.

As an entomologist based at Virginia Tech, Yang explained how this study could have broad impact in Virginia and the Eastern United States. Of the 100 worst invasive species in the world, five are species of ants and two of these are already established in Virginia: the red imported fire ant and the Argentine ant. These ants have been found in increasingly northern territories, potentially drawn to rising seasonal temperatures over the past decade.

Yang suggests that hitchhiking events will provide more chances for these ants to arrive in new locations, speeding the ants' spread. He hopes to implement a similar citizen science program in Virginia to the one he conducted in Taiwan, with the goal of tracking the spread of invasive ants and their connection to personal vehicles.


																																																					
																				
																						More information:
												Feng-Chuan Hsu et al, Free ride without raising a thumb: A citizen science project reveals the pattern of active ant hitchhiking on vehicles and its ecological implications, Ecological Entomology (2024). DOI: 10.1111/een.13336
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Scientists develop map-based tool to address water scarcity in Southwest
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                Agronomist Jim Smart and Mexican farmers Miguel Morales Beltran and Hector Rodriquez Mediola discuss the 1996 drought that caused this irrigation ditch near Rio Bravo, Mexico, to dry up. Credit: Jack Dykinga
            
        

    


Scientists at the United States Department of Agriculture (USDA) Southwest Climate Hub and California Climate Hub have developed a browsable map-based tool that addresses water scarcity in the U.S. Southwest.



										      
																																	The Water Adaptation Techniques Atlas (WATA) consolidates more than 200 case studies on research and practices that water managers and producers can use to find location-specific and topical information to make informed decisions regarding water management.

Over the years, urban areas and agriculture have expanded in the Southwest region. For the past century, water use in the Southwest has been sustained through the capture, storage, and distribution of surface water, aided by dams, canals, and associated infrastructure, while extraction of groundwater has also intensified.

However, water scarcity has become a pressing issue with extremely hot temperatures and severe prolonged droughts in a region already challenged by its arid and semi-arid conditions. As reservoir and aquifer levels drop, information about strategies to adapt to this new reality is urgently needed.

WATA provides information based on research from USDA's Agricultural Research Service (USDA-ARS) and other sources about practices for lessening the gap between water demand and available supply, with an emphasis on cropping and irrigation practices across the Southwest, including Arizona, California, Nevada, New Mexico, and Utah.


																																						
    
     




																																			The solutions documented in WATA include centuries-old techniques employed by the indigenous peoples of the Southwest region to grow crops in arid lands, as well as novel technologies such as aquaponics (integrating fish and plant crop production) and agrivoltaics (integrating solar energy and crop production). Several cases highlight tools and technologies for matching irrigation application to plant water needs using soil moisture sensors, remote sensing, or weather data.

Dissemination of information about adaptation options is critical, as individuals, organizations, and communities look to take proactive measures to adapt to climate change. Managers, researchers, and educators can use the case studies, research outcomes, and practices available in WATA to identify new strategies to help mitigate the effects of temporary water shortage and expected longer-term water scarcity.

The development of WATA is an ongoing collaborative project that started in 2020 among USDA-ARS, USDA Southwest Climate Hub, USDA California Climate Hub, UC Davis Center for Watershed Sciences, and USDA's Economic Research Service. Scientists will continue to incorporate new research findings and feedback from agricultural experts and others concerned with water scarcity in the Southwest.

The recent article published in the journal PLOS Water titled "The water adaptation techniques atlas: A new geospatial library of solutions to water scarcity in the U.S. Southwest" provides additional details on the project.


																																																					
																				
																						More information:
												Noah Silber-Coats et al, The water adaptation techniques atlas: A new geospatial library of solutions to water scarcity in the U.S. Southwest, PLOS Water (2024). DOI: 10.1371/journal.pwat.0000246
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